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Abstract

The theoretical background and technical infornmafar the program are presented. Further, the coemis
of the program are described and user manual @égiv

1. Introduction time ©. We assume that the typical distributions to

The computers programs are the tool to make IifeOIeSCrIbe _these sojourn tm_1es are:
the uniform distribution;

easier. Especially it is important if we have to: the trianale distribution:
perform a lot of complex and laborious calculations the doub%e trapezium d’istribution'
It is usually when we are a contactors in research the Quasi-tra gzium distribution"
projects. Since 2007 team of Department of the gx onen'fi)al distribution- '
Mathematics in Gdynia Maritime University has been the ngbull distribution: '
working on Poland — Singapore Joint Research the normal distribution"

Project entitled Safety and Reliability of ’

. - the chimney distribution.
Complex Industrial Systems and Processese The non-parametric chi-square goodness-of-fit test

described computer program is one of the t00lSy55 peen used to verify the hypothesizes in the
coming from this Project. computer program.

_ ) Second aim of the program is to estimate the
2. Theoretical background and technical  ynknown parameters of the system operation process.
information It estimates the following parameters:

The computer program is written in Java with using” the matrix of probgpilities of the system opera'_[ion
SSJ V2.1.3. The SSJ is a Java library for stoahasti ProcessZ(t) transitions between the operation
simulation, developed in the Département Statesip, ]

d'Informatique et de Recherche Opérationnelle- the mean valueM, =E[§, of the unconditional
(DIRO), at the Université de Montréal. sojourn timesf, ,b=12,....v,

The computer program implements the results from the stead babiliti b=12
Poland — Singapore Joint Research Project [3], [4]. € S e_a y probabiiities,, - L2V, o

Its first part is verifying the hypothesizes abtioe - the limit values of the transient probabilitiestzd
conditional distribution functionsH,, (t) of the particular operation states, .

system operation procesa(t gojourn timeséd,,,

bl =12,....v, b # 1, in the statez, while the next
transition is the statez on the base of their There are two main tabs in computer applicatiore On
of them gives possibility to verifying hypotheses

3. Components of the computer program

realizationse,fl, k=12,..,n, during the experiment
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about distribution function of sojourn times in - button to choose the file with probe;
particular operational states. Second one gives the text field with the path to chosen file;
predicts of parameters of operational process. (see text field to set a factora - the level of

Figure 1 and Figure P significance for investigated hypothesizes,
- button to start of the verification of the
Pn - singapore Jult Research Project | =100 =| hyp Oth es | Zes.
Verlfiestian of Fypoiiesties | Estimate parameters of operational proces |
e e—— In OUTPUT it is shown the following results in
particular text fields:
e - size of probe — i
[ttt [— ot st [ - number of subintervals —r;

- length of subintervals — d;

- the begin of the interval and the end of the one
(Xot, Yor)s

- mean value from probe,

- values gbl, wbl and in case of quasi-trapezium
distribution: zbl1, zbl2,

- values of theoretical statistics,

(e | - values of statistics,u

- mean value of the conditional sojourn timgg

bl bl Waluss of thearstical statistics:

[ ew wes[ s ame[

Values of distributions’ statistics:

of the system operations process at the operations
state z, when the next transition is to the

operation statez, — Mbl.

Figure 1. Main window for verifying the
hypothesizes In the text area it is shown:

- name of the validate distribution
2% - density function for this distribution.

Werific

of Hypathesizes Estimate parameters of operational proces
Humber of states: [4 Ok

Given values: Caleulated values:

In the case of using the computer program to estima
the unknown parameters of operational process, the
main window has following components:

a) text field to set a number of operational states,

b) button to accept setting parameter,

C) text area to present the given data

d) text area to present the determined values.

fireut . £
=% Give the paticular nbl values (b,): 1, 2

Eer After pressing the button “OK”:

a) the program allows to set the following values:

- the matrix of the realizations of the numbers of
the transients of the system operation process
between the operation states,

- the matrix of the realizations of the mean

values M, of the conditional sojourn times

6, of the system operations process at the

Figure 2.Main window for estimation the parameters operations  state Hy, (t ) when the next

of the operational process transition is to the operation stazge ;

b) the program determines:
As it is shown inFigure 1the window of the section - the matrix of the realizations of the
for verifying hypothesizes has the two parts: INPUT probabilities p,,, b,I =12,...,v, of the system
and OUTPUT. . . operations process transitions from the
The INPUT is composed by the following
components:
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—1ax|

operations statez, to the operations statg
during the experiment tim®,

- the vector of the mean values = E[§, of]
the unconditional sojourn times 6,
b=12...v,

- the vector of the probabilitieg, of the vector — wr— wr— wr— wr— wr—
[71,]1,,, D=22,...v,

- the vector of the limit values of the transient
probabilities at the particular operation states.

4. Instructionsfor users

Now, we present the steps how fluently using the

particular sections of the computer program.

4.1 Verifying the hypothesizes Figure 3.Instructions for users
Our work with program we start from preparing the The computer program fits the correct distribution
data file. This text file should include a data Bet function for the included file and shows results in

one column as below example shows. Egample section “OUTPUT"” as it has been described before.
1)

Example 1Correct form of the text file with data.

T T
_ SR

60.4

i B g Sl

When we have the text file in correct form we can
use the program with the following instruction aku

In the section “INPUT”: Figure 4.Exemplary results of the computer program
Step 1Press the button “Read TXT file with data” to ) )
choose the file with the data set, 4.2 Predicts of operational process parameters

o The instruction of use is as follows:
Step 2 Set the level of significant alfa;

Step 1 Set the number of states.

Step 3Press the button “TESTING”.
Step 2Press the “OK” button.

Step 3 Set the realizations of the numbers of the
transients of the system operation process between
the operation states,

Step 4.Set the matrix of the realizations of the mean
values M, of the conditional sojourn timeg,, of

the system operations process at the operatiotes sta
z, when the next transition is to the operation state

Z
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=10/ |

Step 3
Step 4

Caleulated values:

Figure 5 Instruction of use for prediction parameters

The computer program based on these value:

calculates:

a) the matrix of the realizations of the probabilities
Py, b1 =212..v, of the system operations
process transitions from the operations sizjtéo
the operations statg during the experiment time
o,

b) the vector of the mean valued, = E[§, of]the
unconditional sojourn time§, bh=12,...,v,

c) the vector of the probabilities;, of the vector
[71,]1,,, D=22,...v,

d) the vector of the limit values of the transient
probabilities at the particular operation states.

Caryiarer val s

i
Probabiities pbi =
4 = ratrb
o 012333204 0166667
os o oz o2

0.461538 0.307502 0 0.230769
0.142857 0285714 0.571428 0

wvector of mean values Mb:
1,57000000CC066668  2,4370000000000003

5w 4 ratri

0.461538 0.142857

133333 -1 0307692 0.285714
4 031 0571429
466667 0.2 0.230760 -1

Fa L

Sy rooon

tationary probabiitics i
n1

AT

3 |

Figure 4. Exemplary results for

parameters

136

5. Applications

Example 2There are shown the consecutive steps of
using the computer programme for hypothesizes
verification.

=10[x|
of Hypathesizes | Estimate parameters of aperational proces |
INPUT:
N — B —
Testing
|
ouIPUL aokin: err = 2 EE
number of elem el z1zixt
liczba elements ) z23.ext
2 —
) —
riename: [ open
Files of type: !A\I Files L‘ Cancel
Mean val T T
~ Singapore Joint Research Project —(of |
=
Werification of Hypothesizes | Estimate parameters of oper ational proces |
INPUT:
Read THT Fils with dats | File name: [topitetaiferryitetal_12.ta alfa fo.os]
Testing
OUTPUT:
number of elemerts [ number of subintervals | lergth of subineervals:s |
liczba elementsw liczba podprzedzistoe dhugoét podprzedziaté
bl bl Walues of theoretical statistics;
T e T — —
Walues of distributions' statistics:
o
BB roland - Singapore Joint Research Project _iof x|

File

Verfic:

of Hypothesizes | Estimate parameters of operational praces |
INPUT:
Read TXT Fie with dats | Fle nsmes [ropteetaiferryitatat 1_12.60

afa [0.0s

OUTPUT:

number of elements [42.0
liczba

rumber of sublntervals [ ler
w liczba padprzedsiatéu ~

bl [as bl f6.z
zht; 381 bl [1.67 wo o83 zbir [5e1 zhiz [+.48

CHIMNEY DISTRIBUTION
DENSITY FUNGTION

lr ==

0.0 for t< 3.8

0 for 3.8<=t <=3.8
1.6667 for 3.8 <=t <=4.2
0.1667 for 4.2 <=t <= 6.2
0.0, fort >6.2

[ == ]

Distribution: [7
iDistribution: [6]: 0

Mean value 44

Figure 5.The steps of using computer programme for
estimating the verify the hypothesizes
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Example 3.It is shown how to use the computer &

B8 poland - Singapore Joint Research Project (ol x|
3
0 f Verfication of Hypothesizes Estimate paramsters of operationsl proces |
Number of statest [
| Given values Calculated values:
lParameters of operational process b+ 05 01 o =]
[ matrix of given rbls

4 % 4 matrix

el Wector of mean values Mb;

i Sgg 2.6990999099999993 2,136285714285714 4

020 S x4 matrix
|1 0.285714 0.125 D4

[rean vaues: 02685714-1 05 05

i matine 0428571 0428571-1 0.1

0.2 95 205 0.285714 0.285714 0.375 -1

1330 20983 1 11

2 40 5

p# 452:0.75. 10 Stationary probabiities Pi
0.21286549707602342 0,3020239766081872
Probabilites pb:
0.1908724992609314 0214915287 1307994 |
b _>JJ

programme for validation of parameters
operational processes.
I B8 oland - singapore Joint Research Project (ol x|

—

of Hypothesizes Estimats parameters of operational proces

tmber b steres ||| IR

Given values: Caleulsted valuss:
T File Help

Verification of Hypothesizes Estimate parameters of operational proces |
| Mumber of states: F L.‘
[
T Given values: Calculated values:
;
,
]
,
,
,
,
,
]
|
! -
) et x|
1 ‘g‘ Give the paticular nbl values (b,1): 1, 2
,
) cancel
1
,
1
1
;
]
]
=3

Verification of Hypothesizes Estimate parameters of operational proces
Nurber of states: [+ ok

Given values: Caleulated values:

[Parameters of operational process
Matrix of given nbs:
4 x 4 matrix

[rmout ]
‘0‘ Give the particular Mbl values: (b, 11, 2
=
e

Figure 6. The steps of using
programme for prediction of
operational process

the computer
parameters of

6. Conclusions

The paper has described the computer program for
Poland - Singapore Joint Research Project. The
theoretical backgrounds and the technical inforomati
have been presented. Further, the short introductio
about components of the program have been
discussed and the manual for users has been given.
The computer program can be used to verification
and prediction for every operational process.
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