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Abgtract: The article deals with the simulation, more spealfy with the method Monte Carlo. The term as
a simulation, simulate, a simulator are well know many scientific disciplines. Simulation, esipdly computer
simulation has been in a rapid growth ircerg years. The simulation is experimenting witmputer models
based on the real production process in order timae the production processes or the system.sithalation model
allows to perform a number of experiments, anatiieen, evaluate, optimize and afterwards apply éselts to the real
system. By using the Monte Carlo method it is gwesto find the optimal quantity of reserves andmaximaze

a profit.

1 Introduction investigated system. It is a computer simulationyhich

The term simulation is used more often but usuagly the simulator consists of a simulation program -deto
a synonymous of imitate or pretend. The objectctvio  introduced to the computer. _
some extent imitates the functionality, conditiom o BY using the simulation it is possible to solve eve¥
processes a certain imitation object (as a drivingroblems, such as: the most convenient management
simulator, a simulator of a free fall) refers to as System, the best lay-out of machines, the optirzal of
simulator. With the term of simulation, simulatethe inventory, determine the number of machines and
simulator we are coming across in many scientifi@dditional equipment, determining the optimal sufe
disciplines. Moreover, it is used in various fieldsoperating machines and equipment, determining the
Computer Systems, |ogistics and production Systerr@ptimm dose size, determine the impact of failumasl
financial and econometric models, space travelitanyi downtime the manufacturing process, and many other

operations, urban systems, etc. applications.
2 Modeling and simulation Some of the reasons for using of the simulation:

During designing of production processes many : TF?e need fpr prefd;‘ctlons offfuturg action,
challenges occur, for instance how to solve problém > C esf'gructu_rmg ]?ht € nr:anu acturing process,
the process, how to innovate or improve the prod@sg > ROS wmaﬂon_ok ¥%0t SES, Ki
possibility is to simulate the production proce3he > educe t ﬁrlsﬁ.o. ecision making,
simulation is experimenting with computer modelsdih ncrease the efficiency, . .

» Elimination of deficiency in the production

on the real production process in order to optirttee
production processes, the entire processes stansylt
enables to experience the behavior of the systaer af
implementation and to see the possible future stEna
and uncover problems. Simulation is not a tool Wwhic
provides an optimal solution to the problem butsita
support tool that tests the impact of our decisionghe
simulated model. The simulation model allows you to
perform a number of experiments, analyze themuete)
optimize and afterwards apply the results to thal re
system.

According to the definition a simulation is a rasba
method, which comprised on the examination of a
dynamic system. The dynamic system is replaced by a
simulator, on which are afterwards performed
experiments to obtain information about the origina

process without interfering with the real

processes,

Impossibility of implementing the production

process (production system does not exist yet, it

is not possible to consider a greater number of

variants, it is not possible to change any

parameters),

» Cost-saving,

» Experiments can cause malfunctions in the
equipment,

» Experimentation on a real object is expensive
(in terms of money, time).

Y
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During the application simulations two basic rulesare  of simulation data needs to be obtained by usiatistitcal
used: methods. There are two approaches to solve prolbyms
» The benefits achieved by applying simulatiorthe Monte Carlo approach based on geometric priityabi
should be greater than the costs required to imgiém and an approach based on estimates of the meaonmand
simulation (quantitative and qualitative benefitdhe variables. The algorithm method is based on selgdii
simulation is justified if the direct benefits dfraulation random number of the specified statistical distiidyu
are more than the cost of the simulation. On th@ab. 1) probability distribution if sufficient datcan be
effectiveness of simulations has a large influgheetime assessed using the Pearson test (Chi-Square test),
when the simulation is carried out. Kolmogorov-Smirnov test and a simple visual analysi
» The simulation should be used in the initiahistogram. In case when no available historicaladat
stages of the project process, because the masttiabt exists, the probability distribution is determinat:
improvements of the system can be achieved inniiali professional judgment.
stages, while the costs involved are currentlyidlest in The actual simulation is a process of random delect
the following phases. In the process of implemémtat of specific risk-factors of the predefined division
and operation exists only a few degrees of freeftona  Simulation (hnumber of simulation runs is recommehde
change. Proper and timely decisions are incomparableast 1,000 times) selects a random number andeappl
greater than the benefits of optimization in subsedq in the model definition. Randomness and objectivéty
stages of the project. ensured by the random generator, thus pseudorandom
Simulation is actually mathematical modeling; ithumbers. The simulation output is a probability
means experiment on a real system is replaced éy ttistribution of the target variable, so the solntics
solution of a mathematical model on a computer. Tharobabilistic in nature and is dependent on wha th
principle of computer simulations lies in thedistribution of the individual values generatedteifthe
establishment of a system’s simulation model anthén simulation, the aggregate statistics of evaluation
implementation of experiments with simulation mogtel indicators are created - arithmetic mean, standard
the correct interpretation and application of tlsults deviation, mode, median, and coefficient of vaoiatithe
achieved for improving the real system. The resfesy is likelihood of gains or losses. The results can be
a system which is the subject of our interest. Theepresented graphically.
simulation model is a dynamic model (mathematical,
logical, and so on.), which in a way shows curssistem;
its structure and a set of rules under which thdehm a
way behave (generated data). The models can beedivi

Table 1 Statistical probability distribution:
Discrete Probability Continuous Probability
Distributions Distributions

into mathematical and physical. Before the simatati | » Uniform distributior Uniform distributior
model is built, is necessary to define the goaltha > Bernoulli Normal Distribution
simulation (cost reduction, reduction of production distribution Standard normal
optimize deployment of production facilities), ard > Binomial distribution

obtain input data. For defining the goal is mainked distribution Exponential
abstraction (by neglecting aspects and elementthef | » Poisson distribution distribution
reduction characteristics, the links between them), » Hypergeometric Log-normal
structuring (decomposition of the sub-systems, evhil distribution distribution

Weibull distribution
Student distribution
x2 distribution

maintaining the hierarchy) and analogue (draw
conclusions on the basis of similarites with other
systems). The term simulation experiment is a $et ¢

simulation runs - multiple repetitions of the basitle
simulation for a specific time period and paramete

simulation with partial evaluation of results. dttherefore

Fisher-Snedecerove
distribution
Gamma distribution

V VYVVYVY ¥V VY VVV

a set of the operation’s simulation in which a ¢eaof

input quantities are performed. 292  Simulation in Excel

) ) To simulate models in different random processes ca
21 Simulation Monte Carlo use widely available Microsoft Excel spreadsheeseit
Monte Carlo is an algorithm for simulation systemsgynction). For generating random numbers can use th
Monte Carlo method means the numerical solution @ommand RAND (), we get a random number with
probabilistic and deterministic tasks using mangeS ynjform distribution in the interval (0,1). To deteine the
repeated probabilistic experiments. It is a stohaspercentage of occurrence of random numbers, for
method using pseudorandom numbers. The basigample, in four intervals is used COUNTIF functidio

objective of is to determine the mean values reglt generate the random number in the range, for exampl
from the random phenomenon. In order to create a

computer model of the phenomenon the sufficientuaro
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from 500 to 1000, use the command INT (RAND) * 500 The above examples can be applied for example to

+ 500. Press F9 for another simulation run. (F&3)

monte carlo - Microsoft Exce
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Figure 3 A random numbers from the interval

determine the optimal amount of the stock. The
warehouse owner buys goods for 20 euros per package
and sells it for 30 euros per pack, in the eveat thwas
available on certain date remains merchandise elfglit

with 50% discount. This means that if demand foodgo
greater than the quantity ordered he will come fentack

of profit, but if the demand for goods is less ththe
quantity ordered, he will lose profits due to discts.

If the demand is (d) the product is higher thae th
ordered quantity (q) and the equation the result is
Z=(30-20)q . 1)
If the demand is (d) the product is less than the
quantity ordered (q) and the equation the result is
Z=30d - 20q +15 (g-d). 2

Demand is a probabilistic variable, as it is knottrat
cannot be determined profit. Suppose that the ddman
will be a number fromd € (500,1000) and order
quantity for example g € (500,650,800,850,1000).
The Monte Carlo simulation performance for thetfit8
random attempts to level the ordered quardity 800.
(Tab. 2)

Table 2 Simulation Monte Carlo for g=800

Random trials | Ordéeredamount | Demand | o e,
() (d)

1 800 999 | 8000(
2. 800 746 | 7190
3. 800 842 | 8000
4 800 702 | 6530
3 800 638 | 5570
6. 800 521 | 3815
7. 800 954 | 8000
8. 800 848 | 8000
9. 800 650 | 5885
10, 800 606 | 5090

» d > q, if demandd = 999 and the quantity

ordered g = 800 the value of profit is:
Z = (30-20) g = 8000

» d < q, if demandd =746 and the quantity
ordered q = 800 the value of profit is:

Z= 30d-20g+15(q-d) = 7190.

The average value gain of ten random experiments is
6608 € and the maximum profit under these conditisn
8000 € and minimum profit is 3500 €.

The average profit calculated simulation of a heddr
thousand repetitions of the quantity ordered
ge (500,650,800,850,1000) in Tables 3 and 4. The
maximum average profit is achieved when ordering
guantity 800 packs of goods.
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Table 3 Simulation results for 100 random trials

Ordered | 50y | 650 | s00| 850 | 1000
amount 8500
Average | 5400 | 017 | 6646| 6401 6516
profit (eur)
6500
Table 4 Simulation results for 100 random trials
Ordered 500 650 | 800 | 850| 1000 | 4500
amount
Average 5000 | 6151 | 6626| 6644 6144
profit (eur) 2500 . . . . .
500 600 700
—Q()() w900 1000

The maximum profit is achieved when the amount
800 is ordered. It is depicted in the graph.(Figaéy

Figure 4 Profit of the quantity ordered

Tables 5 and 6.

Table 5 Probability distribution for g=800

The value of 95% confidence interval for the prisfi

VVVVYY

if =500 : Z = 5000

if g=600:Z € (5783, 5967)
if g=700:Z € (7091, 7242)
if g=800:Z € (6041, 6852)
if g=900:Z € (6323, 7308)
if g=1000:Z € (5761, 6850)

Thus, increasing the number of random experiments,
the probability distribution of the frequency ofeth

Probability expected profit to the actual expected value. (b)g
. 10 100 1000
Profit (eur) random | random | random
trials trials trials
3000 - 4000 0 0,04 | 0,06¢ 0,6
4000 - 5000 0,1 0,14 0,137
5000 - 6000 0,1 0,12 | 0,13« 0,4
6000 - 7000 0,3 0,13 0,15z
7000 - 8000| 0,5 0,57 0,50¢ 0,2
0
Table 6 Probability distribution for g=1000 3500 4500 5500 6500 7500 -
Probability profit
. 10 100 1000
Profit (eur) random | random | random m10exp M 100exp. M 1000 exp.
trials trials trials
3000 - 4000 0,1 0,11 0,137 Figure 5 Graph of probability distribution
4000 - 5000 0,2 0,13 0,142
5000 - 6000 0,3 0,13 0,137
?888 - ;888 062 8&55 8&;? This example is illustrative demonstration of the
8000 9000 02 033 0.328 principle of Monte Carlo method, thus reselectidrthe

probability distribution of input elements is dexil
probability distribution of output variables in theodel.

Conclusion

The article is an example of using the Monte Carlo,
demonstrated the possibility of its usage in otdeshow
a universal method of solving math problems. A
simulation is an important and has a stable placthé
production process and also in business practiés.nlot
a tool to solve all the problems, but could be used
quickly optimize and improve. The simulation is not
cheap method because requires expensive software,
computer time and especially specialists who capgnty
use it. Nevertheless, the benefits of simulatian raany
times higher than the cost of the simulation prtojec
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