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Abgtract: The article deals with the process of the simalatand the random number generation. Simulation,
especially computer simulation has been imapid growth in recent years. The simulatoexperimenting with
computer models based on the real production psaoegrder to optimize the production processethersystem. The
simulation model allows to perform a number of ekpents, analyze them, evaluate, optimize and \aftets apply
the results to the real system. Production ent&grinvesting in technical training, to affect timee between research,
development and production. In order to reducetthis interval is used in the design of the techgimal process by
computers with suitable software. The mathematieskcription of the technological process whosean& depends
on factors entering into the process is defined amthematical model of the process. If the outcohtlke process can
not be expressed mathematically dependent on faetdering into the process it is a simulation.

1 Introduction without any real production equipment. To build suc
The current period is characterized by thdnodels for complex technological processes congisif
development of technology where the most significas @ large number of operations at a number of praotuct
computers and information technology. IT extendslto Machines is challenging and it is used the simrati
areas of our lives and also pushed through in eeging approach. The modern concept of the productiongssc
production and in particular the planning and desig is @ Computer Integrated Manufacturing (CIM), the

production, modeling and simulation of production i Scheme is on Fig.1.
production management, etc.

Production enterprises investing in technical tragn _ CAD
to affect the time between research, development a (computer aided design)
production. In order to reduce this time interwabsed in
the design of the technological process by computiéth
suitable software. The mathematical descriptionthaf

CAE
™ (computer aided engineering)

technological process whose outcome depends oorgact CAl

entering into the process is defined as a matheatati Cim [~ (computer aided information)

model of the process. If the outcome of the process (machine, material, =

not be expressed mathematically dependent on fact energy, people) " CAM

entering into the process it is a simulation [1]. TS PR LR
Mathematical modeling is commonly defined a: CAP

- (computer aided produkt
planing)

CAT
(computer aided testing)

modeling, in which the shape of the mathematicadieho
structure, as for instance variables, programsctions,
equations, logical conditions, operators and othi
mathematical objects. Mathematical system can nbt o ) )
have quantitative characteristics of site systemsl a  Figure 1 Structure of production process — CIM
processes, but also is characterizes by the cundita

aspect. Simulation is defined as the research metho

which is characterized as during experiment on 2 Phaces of the simulation process
dynamical system is replaced by its simulation rhadeat The simulation consists of the following steps Hdu
attempts are made to obtain information about tiggn@l  the model, design of simulation experiments, penfor
investigation system [2]. Experimental testing ps® simulation analysis [3], [4]. Modeling is prolbabthe
compare to the actual manufacturing equipment (hodenost important part of simulation, simulation madegl
is costly and time-consuming. Mathematical modelingvolves the following steps:

and simulation of technological processes is using

computer technology to optimize the production pesc
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« Formulation of the problem defining specific their results retrospectively applied to the orégisystem.
problem, defining the overall objective of the simo and On the computer you can change the system inputs an
the impact of measures (quantitative criteria). system parameters and model can be modified ierdfit

« The collection and processing of data in the reaplaces. For these changes to the model reactsatogeh
system - the collection of data about the system#e output values. To create simulation modelseculy
specifications, gathering input variables, gathgrinused specialized software. Methods of computer
information about the performance of the existiygfam, Simulation can be addressed by using the MS Exugl a
identification of randomness in the system. its supplements: Risk Solverrisk, Risk Analyzer,

« Creation of the modet the formulation of a MonteCarlo, Crystal Ball and others.
development model, development schemes and network
diagrams systems, setting simulation runs, trapgon 3 Methods of generating random numbers
conceptual model into the simulation software in an In Microsoft Excel simulation models can be
acceptable form, review the scope of input parameteonstructed in two basic ways:

animation. + using built-in functions,

e Validation of the model- compare the e using the "Random Number Generation" in
performance of the model under known conditiong wit Appendix Data Analysis
the performance of the real system, perform sigeist To generate random numbers you can use command

tests, assessment simulation studies experiencdysemn RAND (), we get a random number with uniform

verify the correctness, completeness and consistefic distribution in the interval (0,1). To determineeth

the model. percentage of occurrence of random numbers in the
* Creation of documentation - compiling interval function is used COUNTIF (Fig. 2).

documentation model for future use, a detailedncead

objectives, assumptions, input variables of theufabon 7 4 B c | o | E F | 6

model, the number of attempts in the simulation. 1 Experiment |Random number |n=1000 average 0,507641

«  Selection of the appropriate experiment - the ; e

1

2
choice of performance measures, the number of inpta 3| 0454097066 Intervals Perc. of occur.
variables that are likely to affect it and the waility of 5 4 0424401891 o 02 0,197
H - . H 6 5 0,126242198 0,2 0,4 0,197
each entry (number of p953|ble c.onflguratlons is th i e T s
product of the number of input variables and levefls 7 o7as239115 06] 08 0,208
each input variable). 9 8 0,890169962 0,8 i1 0,196
« Determination of initial conditions for the ° T — o
simulation runs- obtaining accurate information of each 1 | osr9ny o 02 0,25
run, determine whether the system is stationar® 12| 0186481643 025 05 0,245
H 14 13 0,779840583 0,5 0,75 0,253
(performance measures do not change over timejoror o — ; =

stationary (power changes over time), verify whethes 12 5| 0,249801059
appropriate Whether or not the simulation run, cheice
of its length, the choice of the appropriate starti
conditions, the choice of size sample measurethats,

identification of correlations between output data. The diameter 1000 of random numbers each time
~+ Fitting Simulation- perform simulations using approximates to a value of 0.5 approximately 20%hef
simulation software packages. _ results in each of intervals, the distribution afmbers
* Interpretation and presentation of results into five intervals, the numbers are distributedtte four
numerical calculation of estimates (eg median,idenice  intervals is 25% of the results. These resultsansistent
intervals) for the required performance measure®deh with the definition of the random number values are
configuration, determine the autocorrelation vesifion generated independently from each other, and afseou
test hypotheses about system performance, desigfch other, because the function of the "randamiways
graphical presentation of the output data. _ calculates the numbers generated. The "Randomids a
It offers a way forward- recommendations for ysed to generate values for various probability
further action, which could include further expegims to  distributions.
increase accuracy and decrease preload estimates. Example of generating random inputs for simulation

The simulation results are approximate but suffitie  model by using built-in functions is depicted ory.Bi—
accurate solution of the task, finding possibleralatives  Fig.6.

and appropriate conclusion [5]. The main point of
mathematical modeling and computer simulation & th
the original system replaces a computer modeldhatbe
implemented with the various computer experiments a

"Figure 2Generating random numbers, determine the
percentage of occurrence
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T - < located in Data Analysis, example of generating 0100
- - : S T random variables (normal distribution - N(2,9),0onih
1 i ber_|Value of the random input | H H : H H
2 1 o,znz‘;rs"s;z —— om.;‘;ooo Probality| Lower limit [Upper limit]_Value d|Str|bUt|0n - R(Zolloo)) IS on F|g7
3 2| 0,978092647| 7000 01 of 0] 5000
4 3 0,910345957] 7000 0,25 0] 0,35] 12000
s 4] X 7000 0,35 o,s_sl 0,7] 20000 7 <
: ; ;m = o i e Random Number Generation M
8 7| 12000/::G$6;3)
8 Argumenty funkcie [ EzA === Number of Variables: 1 E]
VLOOKUP
0,652822418]| | Vyhladévans_hodnota (53 [] = o.28s19085 Number of Random Numbers: 1000 Cancel
0,563548783| Pole_tabullky Ds3:G36 [EE] = (0,101,115000;0,250,11,35\12000 B
e — = e b o] Leomook
» . =03 . Parameters
- revoiné
‘zoradenie tabulky je vzostupné.
avana_hodnota s . MéZe to byt hodnota, ockaz Mean = 2
alebo textovy retazec.
Standard deviation = 8
Vysledok = 0,35
T | [ ) o=
25 24 0,963485116| —
26 25 0,205022677| 12000}
27 26| 0,730867895| 7000 &mdo"’ Seed:
28 27| 0,418436647| 20000
- " . . Output options
Figure 3 Discrete distiiipn B ot prepes =
New Worksheet Ply:
New Workbook
A B c |[RANDO J|  E F
1 Experiment|Random number |Uniformly distributed(min=20, max=100) - “
BT 5 s B
2 1 0,791165 83,293162 =min+(max-min)*RAND(B2) Random Ny G- m
3 2 0,722256| 77,780512
4 3 0,189796| 35,183661 Number of Variables: 1 [I]
5 4 0,426614, 54,129160
6 5 0,994877 99,590143 Number of Random Numbers: 1000
7 6 0,741241] 79,299275 T
L > Distribution: Uniform Pomocnk
8 7| 0,506149 60,491895 E] [somoec
9 8 0,618032 69,442537 ERSnelS
10 9] n.237072 46 965724
. . . . . Between 20 and | 100
Figure 4 Uniformly distribution
NORMINV  + (" X/ fe =NORMINV(B22;SQRT(9))
Random Seed:
@~ | & c B £ [ F 6 [ H ¥ ] K| L m Output options
1 Expei stibution (29) ® QutputRange: $Hs2| B3
2 1] 0,249141} -0,031584 .
3] ) 0,402, 50333 ‘A'g“mwwm 2] New Worksheet Ply:
4 3| 0,951596} 6,981585 | NORMINY New Workbook
5 4 0,279436| ousus || 8 [ = 0201412 -
6 5| 0,505107] 2,038402 Stred 2 | \
7 6| 0,248419 -0,038421 s
' 2 ( Smerodajna_odch | SQRT(9) . n
s 1 owwnl s | : Figure 7 Random Number Generation
9 8 0,087903] -2,061353 | '0,03138‘4156
10 9| 0,914461 6,106233 |
1 1 0,43591 0084390 ‘\ et
n 11 0,160249)| -0,980300 | ‘Smerodajn_odch je smerodajné odchka rozdelenia, ktord musibyt Kadné dso.
3 12 0,047039} -3,02812 H H H H .
T | In the following part is used simulation softwarsiR
B 14 OWMR S ek s suitable mainly for simulations in the tabular mssor
- - | Pomock e tito ik i it . . . .
N ‘ Microsoft Excel. @RISK performs risk analysis ugin
s u omm e Monte Carlo simulation to show how many possible
20 19 0,993447| 11,786908 . .
2 aomw] oum outcomes in a spreadsheet model exist and tellsthew
2 2 0451634 1635395

likelihood they might occur is. It mathematicallypda

Figure 5Normal distribution objectively tracks many different possible futucersarios

; umber | rbutionmesnvalu -2) and assess the probabilities and risks associatedeach

R BT T [ = different one. This means that it gives an asseassme
o —— o B which risks to take and which ones to avoid, alfayvior

: : e JEas e the best decision making under uncertainty. Random
T immn || e inputs of model are generated by using add-on @mRisk
— == the top menu in folder “Define Distribution”, in tipn for
discrete (Fig. 8) and continuous probability dtsition

Z Lo Fig. 9. The second possibility is generating ofd@n

inputs is to write function directly into a cellfer normal

Figure 6 Exponential distribution PUls s VT -
distribution it is “RiskNormal (mean value, standar

deviation)”.
For generating random inputs of simulation inpsts i
possible to use a function “Random Number Generatio
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W4 Simulink Library Browser =[S i
> B . 33 Iterations = = = - . . - i sss
o » s == File Edit View Help
==
Simulations o =
Define Add | Insert Define  Distribution Model D @ »| Entersearchtem - #E
Distributions Output [Function v/ Correlations  Fitting~ Window | Settings g Libraries Uibrary: Smuink |_Search Resus: (none) |_Most Frequently Used Blocks
Distribution Functions = p—
A ~-Commonly Used Blocks ik yLiadt .' Continuous
1 Common > - Continuous —
Discontinuities i
Continuous > Dscm; & i‘-“‘ Discontinuities Discrete
Discrete > ~~Logic and Bit Operations
—_ = ' | RiskBernoulli -Lookup Tables Logic and Bit E ——
A Alternate Parameter » Math Operations Operations
; ~Model Verification
L :! Spedcial ¥ l"l RiskBinomial -~ Model-Wide Utiities &= Matls ® Moda)
2 - . g S 2x| Operations Q@|  vediication
Statistic Functions | %8 B N YRS
3 i Ill RiskDiscrete - Signal Attributes Model-Wide Ports &
Theoretical > ~Signal Routing Utilities Subsystems
4 i Sinks
> RiskDUniform
= simutation gesurt > || | U N~ e R—
.. User-Defined Fu
Six Sigma >
6 = Il REEKCEoiHiet -Addtional lfath & Discrete - -
7 Other Functions [ - 'ﬁ Control System Toolbox Sinks Sources
W Fuzzy Logic Toolbox
8 Qutput ” i| i_ RiskHypergeo - W9 Image Acquisition Toolbox User-Defined Additional Math
" T ~ 8 Model Predictive Control Fanchions F~]  aviscete
9 Fitting > -
- ““" RiskIntUniform +I- g Neural Network Toolbox
10 Project ¥ 1§ OPC Toolbox
11 Time Series > lIII RiskNegBin & %z‘"‘“’":o
. imulink Animation
12 Miscellaneous » | I B Simulink Coder
RiskPolsson Simulink Control Design
13 g
Property > N o
imulink
14 - B simulink Extras
Favorites - g Simulink Verification and
15 M E t ~ Tl Stateflow
vian vorrs
. . anage Fayortes . . . . 8 System dentification Too.
Figure 8 Discrete probability distribution Showing: Sruink

Figure 10 Window with the basic libraries of Simili

=

A9~ T — o [t

% ! ". ‘é.: é@j Iterations 1000 - o4 ; A !‘J 3 summary .
& Bk - A 2 o 1| A | EE B ~/mmme‘i Conc|us|on

ot it BB oo oo Mo | s 8 T st e St | 1 G 1 . , .

B The article is an example of using the software

Al Common » . . . . . . .
Comis | T T simulation designed for simulation in MicrdsdExcel

Pl srenserunnae » | [l osnceres [P wsceea | msroe - spreadsheet and Matlab , demonstrated the pligsiti
- m— W s hweoon | s its usage in order to show a universal method foblpm
: g LA k rooer solving. A simulation is an important and has elsta
: o stz : ‘ k place in the production process and also in busines
: . A A practice. It is not a tool to solve all the probknbut
s o) A wsen JET A rossn could be used to quickly optimize and improve.
11 Time Series 4 Q A
= h'hm"amm . k RiskErlang mem A RiskTriang
i: F‘Wi::my » tmxvmon tmmog.sm %Rwsﬂuqen Acknowledgement
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To create simulation models can also be us
1

» creation of using Simulink block diagram, making a
connection between blocks and setting aneé
necessary adjustment between inputs and outputs, ]

e setting time parameters simulation, running the
simulation model created.
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