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Abstract: The article is an example of using the softwameusition @Risk designed for simulation in Micrasakcel

spread sheet, demonstrated the possibility aisegye in order to show a universal method of sglyroblems. The
simulation is experimenting with computer modelsdush on the real production process in order tonopé the
production processes or the system. The simulatiodel allows performing a number of experiments|ysing them,
evaluating, optimizing and afterwards applying tiesults to the real system. A simulation model enegal is
presenting modelling system by using mathematiocahélations and logical relations. In the modelp@ssible to
distinguish controlled inputs (for instance investincosts) and random outputs (for instance demavidgh are by
using a model transformed into outputs (for instamean value of profit). In case of a simulatiopexnent at the
beginning are chosen controlled inputs and randstociiastic) outputs are generated randomly. Simooktbelong
into quantitative tools, which can be used as astgor a decision making.

1 Introduction 2 Monte Carlo method
A simulation model in general is presenting modelli Monte Carlo method is a simulation numeric method,
system by using mathematical formulations and kdgicwhich can provide at least probabilistic resultscase
relations. In the model is possible to distinguistthose classical calculations are too complex, tom lor
controlled inputs (for instance investment costsd a even not possible to compute. It is a stochastithate
random outputs (for instance demand), which aresyy because when searching for a result is used pictiebi
a model transformed into outputs (for instance medne number of modelled random variables statisticaireses
of profit). In case of a simulation experiment &et of their characteristics [5].
beginning are chosen controlled inputs and random The method is based on multiple irritation of ramdo
(stochastic) outputs are generated randomly [1lprocess. Realization of probabilistic variables dam
Simulations belong into quantitative tools, whidncbe achieved by generating of random numbers, uniformly
used as a support for a decision making. Theirieggpdn  distributed on interval (0, 1), which are subsedjyeby
in practice cannot be done without computer supaod suitable transformation transformed into random beirs
specialized software products [2]. For simulatioss with desirables distribution. Random numbers are
possible to use a basic tabular processor as fompbe possible to generate by several ways: mechanic
Microsoft Excel [3]. In the following part is usedgenerators, physical generators. It is possible to
simulation software Risk, suitable mainly for sigidns distinguish random and pseudorandom numbers. Bygusi
in the tabular processor Microsoft Excel. of Monte Carlo method are estimated statistic ithistion
@RISK performs risk analysis using Monte Carldased on a huge number of random choices from given
simulation to show how many possible outcomes in distribution [5]. Simulation is resource for incsea
spread sheet model exist and tells how the likelihihey quality, innovation and prosperity [6], [7]. Thigstem,
might occur is. It mathematically and objectiveipaks method will used in @Risk simulation system [8].
many different possible future scenarios and astess
probabilities and risks associated with each diff¢rone.
This means that it gives an assessment which tsks2.1  Application add-on @RISK
take and which ones to avoid, allowing for the best After running program @Risk and Microsoft Excel in
decision making under uncertainty [4]. the top menu of Excel is shown option depictedhia t
Fig. 1.
Random inputs of model are generated by using add-
on @Risk in the top menu in folder “Define Distrilmm”,
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in option for discrete and continues probabilityof normal distribution, on the left can be addedame
distribution— Fig. 3. and Fig. 4. value and standard deviation and on the right epécted

For example it can be defined normal distributiathw descriptive statistics. The second possibilityéserating
a mean value 10 and standard deviation18,2). It is of random inputs is to write function directly indocell —
possible to click on the icon “Normal” (Fig. 2) wiow for normal distribution it is “RiskNormal (mean s,
appears (Fig. 3) In the middle is a graphical repn¢ation standard deviation)”.
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Figure 2 @Risk simulation system and definitiodisfribution function
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Figure 3 @Risk simulation system, option probapiiistribution

Name ‘ | E

el =RiskNormal(10:2) =
Formula =

P o 1350
Funcbon_Normal ; Z

Parameters Standard Cell Harok3!G5
u 10 0,20 Vinimum =
g 4 KIi| Maximum +o

@ Fi Mean 10,0000 |=
;1 g J _\[ O! 18 Mode 10,0000
Median 10,0000
Std Dev 2,0000
0,16 Skewness 0,0000
Kurtosis 3,0000
LeftX 6,71
0,14 LeftP 5,0%
Right X 13,29
Right P 95,0%
0,12 Dif. X 6,5794
Dif. P 90,0%
1% 53473

5% 6,7103 7
0,10 10% 7,4369
15% 7,9271
20% 8,3168
0,08 25% 8,6510
30% 8,9512
35% 9,2294
0,06 0% 9,4933
45% 9,7487
50% 10,0000
0,04 55% 10,2513
60% 10,5067
65% 10,7706
0,02 70% 11,0488
75% 11,3490
80% 11,6832
85% 12,0729
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Figure 4 @Risk simulation system, definition ofmak distribution

Design of simulation model by using of add-on @Risk : random inputs (for example by using function

» Define probabilistic distribution for a random @Risk).

inputs, it means generating of observations of a ¢ In a simulation model is chosen a cell
representing output of model (output cell). Add-
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on @Risk calculates automatically descriptivéDutput of the model, which is a profit (lost) inlicE11
statistics for output model and generate also theand is given by relation ,=B11-C11-D11" (profit ales-
graphical representation. costs overestimation - cost of buying). This foranaan
» For different values of variables is possible bye changed with add-on, by setting on cell E1ih@top
using function ,RiskSimTable* run the menu click on the option “AddOutput”, validate iftlv
simulation several times and subsequentlthe fuction in the cell E11 and change on
compare results and choose the best value $RiskOutput()+B11-C11-D11".
crucial variables. In the next step is set setting (number of irrdtatfor
example on 100) simulation and run simulation. Byng
In the next section is represented construction @Risk function “RiskSimTable” it is possible to cpare
simulation model on a concrete example: at thenmigg ~ descriptive statistics for different values cotedllinputs
of a month is necessary to add inventory of givepct, into model, ,=RiskSimTable(B14:L14)".
which purchasing price is 3 eur/piece and sellirigep5 The function RiskSimTable makes possible to run
eur/piece, in case that this product is not soldl @" several simulations for different values of corlgdl
day of the month is sold in discount for 2 eur/piec inputs, in this case 11 times evaluate thousandegabf
Demand for this product is random with discretgrofit (lost). In this section B14:L14 are showrifefient
distribution in Table 1. The task is to construct aalues of controlled input according to amount odew.

simulation model based on the given order. Number of irritation 1000 and number of simulatithis
set on top menu @Risk.
Construction of simulation model: Function for a calculation of descriptive statistare

A random input means demand, which is given bipserted thought top menu @Risk — Insert Function —
discrete probability distribution. In Table 1, iallcA11is Simulation Result - RiskMean, RiskStdDev, RiskMax,

defined by function - ,=RiskDiscrete(D3:D7;E3:E7)".
Table 1 Simulation model
X9 - - |5 — clanok [rezim kompatibility] - Microsoft Excel T
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N7 M Fe
A B C D E F G H 1 J K L M N o
1 INPUT DATA PROBABILITY DISTRIBUTION OF DEMAND
2 Selling price 5€ Size of demand|Probabilit:
3 Buying price 3€ 500 0.1
4 Loss on sale 1€ 600 0,25
5 700 0,25
6 DECISIVE VARIABLES 800 0.3
7 |Ordersize - 900 0,05 I _I
8 1000 0,05
9 SIMULATION
The costs
i - s The cost
Size of demand| Sales | overestimation PROFIT
of buying
10 of demand
nl 700! 2500 0 1500 1000

12

The number of
13 simulation 1 2 3 4 5 6 7 8 9 10 11
14 Demand 500 550 600 650 700 750 800 850 900 950 1000
15
1

o

DESCRIPTIVE STATISTICS
average profit,

17 mean 1000 1068,5 1137 1126,3 1115,6 1026,3 937 752,9 568,8 368,8 168,8
18 StdDev 0,00 92,01 184,02 280,57 406,84 499,53 612,77 633,33 660,14 660,14 660,14
19 Max 1000 1100 1200 1300 1400 1500 1600 1700 1800 1600 1400
20 Min 1000 800 600 400 200 0 -200 -400 -600 -800 -1000
21
22
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Figure 5 @Risk simulation system, results of sitierianumber 4)

RiskMin. When inserting function of descriptive values of given function and simultaneously is show
statistics order number of simulations is usedaifirst window with values of different descriptive statist
row — Data source — address of output E11 iglfirea together with their graphical representation (big.

second row — Sim — address of order number isixed f The overview table of results from all simulatiass
Subsequently these functions can be copied inted¢lie in the Fig. 6. After creating of simulation modehda
B17:B20 into C17:L20. comparing results of simulation the highest riskoisthe

The simulation can be run thought top menu @Risk erder of 600 pieces.
Start Simulation, after running are depicted indbaheet
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=) @RISK - Results Summai
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| I
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Figure 6 @Risk simulation system, table of the Kitian results
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