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FOREWORD

The softwareSIMCAB BASI C version 6 includes some of t8&EMCAB version 13 features.
It is not the subject of a specific user manual.

The copyright law and international conventionst@co theSIMCAB software and its User’s
Manual. Their reproduction or distribution, eitivenolly or partly, through any means whatsoever,
is strictly prohibited. Any person who does not @bknwith such provisions is committing an
offence of forgery and is liable to prosecution areh be sentenced under the provisions
prescribed by the law.

The Programming Protection Agency (A.P.P.) refeesi@MCAB at the 1.D.D.N. (Inter Deposit
Digital Number) index, with the following reference

IDDN.FR.001.460001.00.R.P.2000.000.20700
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1 SIMCAB Software

1.1 General Presentation

SIMCAB is a generic Monte-Carlo simulation program whibelps supplementing
spreadsheet with random variables so as to enabfeuaer to control dispersions in
computations or efficiently simulate varied probgem

Using a menu offered by program, the user defifes fames and features of random
variables used in his computation and designateststells containing results. So, he may
initiate simulation, then display the graph resulfsequency graph, probability graph,
distribution function ...) and, using them, perforrarious statistic processings (average,
median, typical deviation, kurtosis, asymmetry,faence interval, correlation, ...).

Many probability laws are offered by the programet@ Binomial, Erlang, Exponential,
Gamma, Geometric, Gumbel, Hypergeometric, Lognormdbrmal, Pareto, Pearson,
Personalized, Poisson, Triangular, Uniform, Weibyll which can be adjusted by the
program from experimental data (using maximum-ikebdd method).

SIMCAB allows processing recursive simulation madel order to assess dynamic and
hybrid systems (with continuous and discrete véesb
A function of simulation of Markovian systems is@lproposed by the tool.

In addition,SIMCAB can be jointly used with the other tools@iB INNOVATION, either
to control scattering in assessments performethépoftware of ReliabilitpUPERCAB and

CABTREE, or to achieve optimizations by means of t@&ENCAB starting from the
simulation results.

1.2 Installing SIMCAB on Hard Disk

Please follow instructions shown in manual.

1.3 Starting SIMCAB

In EXCEL, open SIMCAB.XLA file.
Software's functionalities are then accessible gusmenu "Simulation”, spreadsheet
functionalities remaining always available.
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2 Teachware

The teachware presents the bases of the simulafidvionte Carlo by means of various
figures and demonstrations.

2.1 Recall on the statistics

A random variable X is a variable resulting frontamdom phenomenon which admits a
measurement of probability. It can be discreteu@abbtained during a pulling of dice) or
continues (size of a population).
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Probability Discrete ::0 29 Density of Continuous T
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Each possible value of a discrete variable canhlbeacterized by a probability value (p = 1/6
for the 6 faces of the dice). Each possible vafug continuous variable can be characterized
by a density value of probability f(x) such as tm®bability that the random variable X
ranging between x and x+dx is equal to f(x)*dx whken- O (surface under the curve).

The function of distribution corresponds to thelability that the random variable X is lower
than a value X.

Probability Discrete Probability Continuous
1 Freemmnes
X (N
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Demonstration: pulling of dice and measurement of the size ofvitlials (100 values):

Graph of probability

03
0,2
01

Function of distribution

1
08
0,6
04
0,2
0

0 2 4 6

Average :3.48
Standard deviation: 1.73

Density of probability

0,2

0,15

01

0,05
0 - 1 1 1

67 72 77 82

Function of distribution

O =T bttt bbbt
EEEEEEEEEN

Average : 75.87
Standard deviation: 3.19




2.2 Choice and adjustment of probability laws

A law of probability makes it possible to model andom variable. To choose a law of
probability as well as possible we proceed in ti®iing way:

1 - Analyze the nature of the parameter (discreteoatinuous) and its physical significance

2 - Seek experimental data possibly censored (sgrapérational data, test results, judgement
of expert...)

3 - Choose a law corresponding to the physical pimemon, if it exists, or being able to
represent the experimental data

4 - Carry out an adjustment to find the parametéthe law corresponding as well as possible
to the experimental data

The maximum-likelihood method is used by the taolddjustment. It consists in maximizing
the product of the probability densities of the lawnsidered for the values of the
experimental data. This product is multiplied by throbability of non-occurrence for the
censored data,

The quality of the adjustment carried out can b&lweated by various statistical tests (Khi-2,

Kolmogorov-Smirnov...). Those give a measuremenhefdifference between the function of
distribution of the law considered and that of ¢éxperimental data.

Demonstration: Adjustment of various laws of probability stagifrom randomly values:

SET
Khi-2 : 0.313
Kolmogorov-Smirnov : 0.077

1,2
1,,
0,8
—— Experimental data
0,6 +
——BETA
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0 ++—++++++—+Ft+++t+t+t+
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Beta law:
The law Beta represents the probability so that at least one material among N under test
survives until timeT. It is also used to model Bayesian probabilities.



2.3 Principle of the Monte-Carlo simulation

Monte-Carlo simulation is a method of calculati@séd on random pulling

Demonstration: How to measure the surface of a figure drawn anhlackboard whose
surface is known?

1 - Organize a chalk brawl in the classroom

2 - Count the chalk impacts on the figure and @wthole of blackboard

3 - Multiply the surface of the blackboard by tle¢ationship between the first value and the
second

The precision of calculation will be of as muchteetthan the brawl will be long and the
participants bad sights.

Surface of the blackboard: 4 m * 1,5 m = & nSurface of the circlél * 0,5 = 0,785 M
s By L") :"' : ::.-‘l" "; ‘:':;' ‘.:" :: "ﬁ By *;{ -] % ':."
o% , s Pt ge ., ° °°% g¥

ST e

127 impacts in the target on 1000. The surfaceefigure is: 6 * 127 /1000 = 0.762m
The value of1 is approximately: 3,048
2.4 Control uncertainties by Monte-Carlo simulation

Monte Carlo simulation allows evaluating uncert@stin a calculation while proceeding in
the following way:

Random variables

j\ J\ /\ — Calculatior—m
“8 o> 7 @ >
X

Y. .Y
1

X X
1 2

n

1 - Make a random drawing of the entries in acaocdawith their statistical distribution
2 - Inject the values of these entries in calcatatn order to obtain a result

3 - Reiterate the operation a great number of timesder to obtain a distribution of result



Easy to implement the simulation of Monte-Carl@a# carrying out analyses of uncertainty
or sensitivity. It guarantees the covering of therst cases which are not always easy to

identify.
Statistical distribution is much richer than a siengverage value because it makes it possible
to calculate the probability that the result idunied in an interval.

Demonstration: Uncertainty over the duration of a way
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The probability that the journey timeis lower than 4 hours 30is0.78.

The function of distribution, obtained by simulatjonakes it possible to evaluate the probability
that the result is lower than a certain value oluded in an interval.

2.5 Concept of confidence interval

The confidence interval makes it possible to evaldlhe “true” value of a parameter on the
basis of result of simulation or observations eafrout on a sample. The confidence interval

at thea risk contains the value of the parameter with pholity 1- a.



True value ;

Bvin Average Bwax
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Proba= a/2 1-a a2

Defined by the central limit theorem, it is all tineore narrow as the variance (standard
deviation) is weak and that the size NR of the darf@number of simulations) is large.
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o
AN . o
or in the case of a proportion with
Uq2 = u(1-a/2) the reverse of the function of distributiontbé reduced centered normal law.

Demonstration: Evaluation of the average of a Lognormale law

Lognormale (a:4-b:0,5)
Moyenne : 61,8 - Ecart-Type : 32,6
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Confidence intervals at 60 and 9
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2.6 Quantile

A quantile is the value that separates the datatlition in a certain proportion.

Quantile function is the inverse of the distribatimnction.
Quantiles from 1 to 99 (%) are called percentiles.
Quantiles 10 to 90 are called deciles.

Quantiles 25, 50 and 75 are called quartiles.

The 50 percentile is the median.

The quantile X is a variable value that the proligtnf passing through is X%.

Wilks method allows to estimate an upper bounddaer bound) of a quantile (%) with a
confidence levep (%).

This value Qg is equal to the data of rank r in size N samplindd by the Wilks formula:

1->" Ca-a)'=2p

For example, the 95/95 quantile estimation of #magerature reached in a nuclear reactor in
the absence of any cooling is used to size thenaté barrier protection (tubes of graphite
surrounding the uranium).

11



2.7 Methods of variance reduction

The reduction of variance consists in privilegin§edd of interest during simulation then to
balance the results obtained by application othleerem of the total probabilities.

Y
[
1, .
g P(Y) = P(Y/1) * P(1) + P(Y/2) * P(2)
Objective:

- Increase the precision of the results (configeintervals)
- Estimate the occurrence probabilities of rarents
- Decrease simulation duration

The reduction of the variance can be implementeddbypus methods:

Variance reduction per stratified sampling

Creation of layers (squaring) disjoined on the ieatand random pullings in each one of
these layers. The estimate at exit is the sum @fetimates in each layer balanced by the
probability that pulling of it results.

E
A o ,

b e
Tadel it e
e e

Loe® : 1@ 1 ®
T Y :.qf o

( .E)|] © 16 '0 10 @00 ! @
© 10 10 0O s
\. EQEOE.EOE ‘i .AE:
I ifgi(l)i |

Pulling are carried out even in the least probablees. The layers can be equiprobable (even
probability), equidistant (even size) or persoradiavhen we know the zone of interest to
privilege.

12



Variance reduction per sampling of importance

Use of a function of importance “to encourage” pgs in the interesting zones to reach

The weight which is given to each simulation is thgo between the density of probability of
the random function and that of the function of artance.

2.8 Simulation of random variable

Performed by the tool, the simulation of a randariable can be carried out in the following
way:

A
1 Function of distribution
upr—m»

0 >

X X

1 - Draw a random values u between 0 and 1.
2 - Apply, from this value, the opposite functidrtiee function of distribution, if it exists.
3 - In other cases, specific algorithms can be use.

A random generator is an algorithm which allowsatirey lists of numbers uniformly
distributed between 0 and 1.The numbers shouldaatorrelated and the period of the list
must be largest possible (T Simcab > 1 000 000).

The tool proposes parametric random functions atigwimulating the following laws:

BETA, BINOMIAL, ERLANG, EXPONENTIAL, GAMMA, GEOMETRCAL, GUMBEL,
HYPERGEOMETRIC, LOGNORMAL, NORMAL, PARETO, PEARSON,
PERSONNALIZED, POISSON, TRIANGULAR, UNIFORM, WEIBUL with 2 or 3
parameters.

The format of these functions is: "L_EXP(,,,,)" ithv "EXP" the first 3 letters of the
considered law.

13



Demonstration: Simulation of an exponential law
=101x|

Example: Exponential law Fix) =1-exp{-lamhda * x) X

1344714
161.42
Lambda : 0,003 Exponential law Function of distribution of 3194

Function of distribution the simulated law 34187;;:

775.96
167.13
0.8 972,76
351.09
@ 0.5 262,52

39354
04 150,08
0.2 311.87
. . . B19.12
. . . | . . | 16957
0 500 1000 1500 0 500 1000 1500 31635
1232
20,97
X : 48564341 = - In(1-u) / lambda 147.82

ann

u: 0.7670497

2.9 Model of recursive simulation

This is an original modeling technique of the déderstates systems :

At=min (Ty ; trisson tj)

The model of recursive simulation describes a dgetiansition from the states Ei (at ti) to Ej
(at tj).

Its treatment consists in reinjecting in entry, state at exit, starting from an initial state, as
many time as it is necessary to cover the mission.

The increment deltaT, from ti to tj, is the smallesmputed value among various increments
of time Tk.

These durations can correspond to deterministicaodom changes of the system state

(failure, repair...) or the crossing of thresholds dontinuous variables in the case of the
hybrid systems.

14



2.10 Simulator of system architecture

This tool can automatically generate a model ofirgive simulation from a table filled in by

the user.

ArChitecture Passive | Simulatar |

Spare | REBD |

. . . Passive Stock of spare
Equipment Failure Repair Failure or Treers TAT
N° Name Law i Law [ Conditiongee| Law | Zgpr | Law | Trecont S Law | TAT
1 ExF ExP = ExF ExF
2 EXP EXP EXP EXF EXF
3 EXF EXP EXP EXF EXF
4 ExP ExP ExP ExFP ExP
a ExF ExP = ExF ExF
+
Operation

N® Name Condition
1
2
3
4
+

The table includes the characteristics of failuegpair, reconfiguration and logistic of the

system components, and a logical description ofinahor degraded mode of operation.

The operating conditions and the conditions maiethin the passive state are defined using

the operators AND (*) OR (+), NOT (~) and combioatim among n : m/n(i + ... + k).

Given by default, the exponential can be replagedtber laws of probability (considering or

not the Markov assumption).

The tool can also draw the Reliability Block DiagréRBD) animated by the simulation (step

by step) or as a picture.

15




3 Application

The user defines its processing on a calculatieetshsing parameter names corresponding to
random variables of which he specifies the featusasg mentiDefine a variable™ .

Then, he designates sheet cells containing rassitig) mendDefine a result”.

Afterwards, he runs the simulation, using méBxecute", then he displays the graph-shaped
results.

He may achieve various statistical processing sualtg using menUStatistics” .

Menu "Use names", helps entering formulas in sheet’s cells by ugingliminarily-defined
result or variable names, without having to erttent again.

Menu "Define a variable" helps also display different software-proposedbphility laws,
know their operating conditions using an onlinelihet and perform settings on them from
experimental data.

3.1 Defining a variable

Command'Define a variable" of menu"Simulation” allows to display dialog box below :

DEFIME A VARIABLE §|

IJsed variables ;

Launching_cost
Murmber_of_sales

Price

Mame : | Cost_per_unit

Type of law @ | WNORMAL

Ao -

ERLANS
Set ExPOMEMTIAL
GAMMA b
Average 25 5. deviation : |2
Inik: %
Mimirnumm 0 Ma<irurn 100

Lo ) Lo ]

Delete

16



3.1.1 Adding, Deleting, Displaying

Defining a variable consists in giving a name tonitbox « Name » (Cost per unit in the
example), choosing the relevant statistic law stmolling list (Normal), informing the value
of law’s parameters (Average : 25, Standard Demiati 3) in relevant boxes which are

displayed depending on law selected, then predsiiipn o or button“—ddl
if a list of numerous variables is to be succesgigefined.

In order to simplify the entering, the parametefshe laws can be them even defined by
parameters of the spreadsheet. Value 25 for exawiplbe replaced by the name "Average"
which itself will be given to a cell of the spreadst.

Minimum (0) and maximum (100) limiters for valudéeely to be assumed by variable as well
as its unit ($) may be also defined in relevantdsox

A name mentioned on sheet close to active celtopgsed by default as a variable name in
dialog box.

In one compound name, linking symbol, « _ » is mgtically added up by software when
validated (Cost per unit: Cost_per_unit).

A value is allotted to the variable name as soothadatter is defined, and its name is added

up to the scrolling list of variables being usedtivating the latter helps display the features
of preliminarily-defined variables.

Button&l allows to delete a preliminarily-defined varialde)ected in scrolling list.

Button allows to generate a document containing all atarstics of the variables
and results previously entered.

VARIABLES
NAME LAW PARAMETER 1 PARAMETER 2 PARAMETER 3 MIN MAX UNIT
Cost per unit MNORMAL 25 2 0O [(100] %
Launching cost | TRIANGLULAR 3300 200004500 %
Murnber of sales | TRIANGLULAR 1500 200 |5000
Price TRIAMGULAR ] 30 | 50 | %
RESULTS
NAME ADDRESS UNIT
Result | R10C3 | 0 |

17



Button ”'LI allows to perform a simulation of selected lavertho display the results
thereof as in example below.

F'_:. Feuild H=] E3

Probability graph
Average : 25E+00 - Standard deviation ;: 3E+00

00s

005 +

002 +
] IIIIIIII"I"I"I"IHIHIIIIIIIIIIIIIIIIIIIIIIHI"I"I"I"HHHII
12 17 22 27 32

Button Ll allows to initiate an online hotline specifyingetbperating conditions of selected
law as shown in example thereafter.

I

Mormal law represents many natural phenomena Featured by a
variable likely to deviate symmetrically with respect ko an
average value with a decreasing probability.

3o, the standard deviation corresponds ko the average of
deviations. Example ; deviation between size of parts achieved
and predicted size.

3.1.2 Setting

Button il allows to set the law selected from experimengabdWhen activated, it
initiates the display of the following dialog boxhigh helps user inform the chronological-
series address through a selection by simply usarmgputer mouse. Such series should be
preliminarily entered in line or column on a cabtudn sheet (but not necessarily the one
being selected).

18



] Classeur2 = | s
= A | B8 | e [P e ] E | | G | H '
1
2 =
. Experimental Censored
3 SETTING TO A STATISTICAL LAW |i|é] data data
4
5 344 3550423 1326.03143
5 iy A i af e 571,3762946 84 3431204
e experimental data you have. 210.8874544 1176,89925
8 4699276715 574.960181
9 879.9572749 550,060086
1[]' Specify address of experimental data in the following box: 233.5919596 173.143081
Wﬁ- ]—q“ 205,3211566 944564101
12 ey 489174775 115,157476
13 Spedfy address of censored data in the following box: 195 R0T559 1310.06107
14 3212724427 386,935029
A5 §155:50516 =|;§ 466,020545 1326.77938
1? ‘fou may to do so directly select relevant cells, ﬁgggggggg 452392063
18 283,8035958
9 oK Cancel 4359533378
20 297.6379249
21 5572609432
24 585,9276246
73 385.1686033
24 947 9888724
25 632,8132873
26 186,7347358
29 6192762701
IR

From all values of series, setting is achieved dfynsare using maximume-likeliness method
(optimization achieved using Simplex method). Atmgetion of such setting, software
displays the experimental distribution function duodction of law obtained together with
statistical-test results (Khi-2, Kolmogorov-Smirp@nabling user to validate law's selection.

&7 Feuil3 [F=8I=E

-

SET =
beta : 0.8691
Sigma : 553.5379
Gamma : 186.7347
Khi-2 : 0.839
Kolmogorov-Smirnov : 0.62 (D5% =1.35)

1
08+
06+
04+
02+

0

00 ® $ SRS S S IR G ¥
ar N A {1

PP g & AT &7 oV o NN - [~ Preserve the graph
|

—— Experimental dat
— WEIBULL

" Adequacy graph

W 4 » w[\ Feuill / |4

The diagram quantile-quantile and other graphiceipMI paper ...) are proposed for the user
to visually judge the adequacy of the model.
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] Feuil3 (o] | [ ] FeuiB |E=E =[5
Quantile-quantile diagram = Weibull paper =
09 1
0.8 4 0.5
0.7
2 06 0 t
= 50T = = 1 2 —
£05 s
2 04 T 1
203 Z 45/
0.2 4 E]
-2 4
0.1
0 : : : ’ ’ : ’ : 25
0 01 0.2 03 04 05 06 07 0.8 0% -3
Experimental data h In{t-gamma) hd
W 4 v wFeuill / |« | Iz W« v v Feuill / |« | Il

If setting is accepted by user, dialog box « Defm variable » is newly displayed with
optimal parameters of the informed law.

3.1.3 Personalized Function

Main features of software-proposed probability lasve set forth in Section 4 of manual
hereof.

However, a specific law called « Personalized p$ielser define any law by entering directly
its distribution function on processing sheet ohbying the latter generated by software from
experimental data.

After pressing buttorLl, it specifies to do so the address of sheet whweredistribution
function of such law can be found, as in examplelneder (cost variable), and possibly the
address of chronological series if function shaliritiated.

&l Classeur? =] 3
A B © D E F c—
42 =l
43 HELP : PERSONALIZED LAW HE
44 7
A5 Such functionality allows you to define any type of statiskical 05
E law From its distribution function defined on processing sheet, 2
| 47 128
48 Defined by a 2-column makrix (values and growing probabilities 5 B} Classeur2 =13
E from O ko 1), such function may be entered by vourself or [ O E F G —
E generated directly by software from a chronological series, F 5 ;I
51 11 E Cost (personnalized law)
[5e] State address of matrix's upper left cellin box below : g | 60 | 1]
=3 | ] | 61 | 05 0.07652308
e | FHED E® | 62| 1 0.15384615
54 $E4 15 63 2 0.23076923
| 55 | Specify, if applicable, address of chronological series in box below : 13 E 5 0.30769231
| 56 AL E3 7 0.38461533
|57 | [srgas:smg5e ] | 66 | 8 053846154
a8 57 9 0.61530462
] (select ko do so relevant cells) &5 | 1 076973077
B0 | 69| 126 |DB4E1538E
B1 o (Eemee] |70 13 0.32307692
B2 |71 15 1
B3 - 2 ~
14 [« o] Feuils /Feuiz f Feuls / |« | 2] T Iwi Feuin (Fauiz Areua 7 (0] le
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3.2 Define a result

This operation consists in allotting names to dakion sheet cells and consider them as
processing results.

Command'Define a result" of menu"Simulation” allows to define a result using a dialog
box identical to that used to define input variable

Its application is illustrated in example below :

1 Launching of a new product
2

3

4 Launching cost: 385986

5 Price 31.83

B Mumber of sales 2177

7 Cost per unit: 3,60

g

g Result ;| 57592 369[%
10

11 DEFINE A RESULT (X
12 —
13 Defined resulks : RecUlf

14

15

i

17

18 Mame : | |
19 :

G Refersto: |4c49 _ Unit I:I
21

22

z

24 I Ok ] l Cancel l
25

2b

Active cell address is proposed by default in didbox as well as any possible name written
out on sheet close to the latter.

oK | .
Buttons [__Report ] add | ang__Delte | are used just the same way as

those of dialog boXDefine a variable" .

21



3.3 Using Names

Command'Use names" of menu"Simulation” enables to enter formulas in sheet cells, by
using preliminarily-defined variable or result naneith no need to re-enter them.

So in example below, formula of result of productm@y be easily entered in active cell,
using software-proposed dialog box, by selectinge®in scrolling list.

=h Ex_Sim_1 O]
A B C ] E o

1 |

i Launching of the product X

3

4 Launching cost 34904.09854

5 Frice : 37.62447049

b Mumber of sales 1820.458914

7 Caostper unit: 28.3868R36

a

q Result of ¥ -] 1291 Z_EEE.i

10

i T -

12

13 Mame used : fverage_Result -

14 Average_Res_ult_DF_x

15

16

17

18 Selected cell Formula C3

13 = |Mumber_of_sales™{Price-Cost_per_unit)- il

20 Launching_cosk E

21

22 Select names in lisk For re-copying them in

23 Formula

24

£ Ok C |

o5 ance |

2y

R l
[ 4 [» Wi Ex_Sim_1 / [«] | iy

Formula = Number of units sold * (selling price < per unit) — Launching Cost

Remark : entering operators and parentheses reqtarde preliminarily placed in dialog
box's box by using mouse.
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3.4 Executing Simulation

Command'Execute” of menu'Simulation” allows to display dialog box below :

( EXECUTE 2 o]

Mumber of simulations : 100

Selecting parameters

Cost_per_unit = Result -
Launching_cost 5 5
Mumber_of_sales
Price

Result - b

Graph
(71 Frequency graph
@ Probability graph
(7 Distribution function
(7 Distribution function - 1

Il
W
=

[ Group up parameters on a similar graph |

Probability between Vmin; and VYmax: |0
Confidence interval in : a0 %%
Quantile (%) Inf: |10 Sup: 90

Confidence %% (Wilks): 25

Input or result variables to be subject to a sitioiaare to be selected in left list including all
preliminarily-defined variable and result namesmAuse click on one of names initiates such
name in the right-hand list of variables selec#&dnouse click on one of right list's names
makes it disappear from the list hereof. Clicking the double arrow makes them all
disappear.

The number of simulations required is limited tod. The more such number is high, the
better the accuracy of results obtained, but tkisdétrimental to the processing time.
Therefore, it is recommended to start simulatiomhwa low number (100) then carry on
subsequently by increasing such number.

Results of simulation may be presented in frequegreyph, probability graph, distribution
function or 1 — distribution function.

Variables may be grouped up on a same graph antiject to separated graphs.
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The probability to be in an interval can be estedaas that of obtaining a negative result
(Vmax = 0).

A confidence interval around the average valueasheesult can be evaluated according to a
confidence level.

Two values of quantile (upper = Sup. and lower £ lcan be estimated either directly those
of the simulated sample, those of the populatioth vai confidence level by applying the
method of Wilks (the lower bound for the lower gtienor upper bound for the upper
quantile).

oK
Initiating button4| runs therefore simulation and controls the reagestsults
display as shown in examples below.

|
|
&l Graph 1 M =1 E3
Probability graph
Average : 265E+04 - Standard deviation ; 1.93E+04
Confidence interval in 80 % : 2.60E+04 2.70E+04
0.05
0.o0s +
004 -
o3 | ‘
o 1 ol
D'Dé “: e :':“:l: P :|:H:“:l:":l:“:l:":":l:“:':":':“:":':":':":I:“: et
Ll &S EF S S I
& Graph M= B3
Probability graph
0.16
012 +
o Price
0.03 + )
B Cost per unit
N a0
] :::.'::|....:::::.J.’L.H'..:::::::::::H:":":"::
S A S S - B
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=l Graph Hi=l

Distribution function
Average : 282E+04 - Standard deviation : 1.80E+04

1.2
1 =+
08+
06+ —+— Result
04+
02t
1] —tt—t—+—+—+—+—+—+—+—+—+—+
-1000 15000 31000 47000 63000 79000 95000 111000

These different charts are accompanied by follondrgog box which allows to carry on
simulation (doubling of number of achieved simuas is proposed by default), to modify
results overview, or to perform on results varistagistical processing shown in chapter 3.5.

SIMCAB K E3
At you willing ? Zonkinue simulation | |2IZIIIIIII
Zancel | Modify resulks display I Skatiskics I
Pressing buttor ol e S ey | initiates the display of following dialog

box allowing to modify the type of graph selectemhdify minimum and maximum limiters as
well as the viewing step, and possibly requesttrdidence-interval display..

SIMCARB =[]

™ Frequency graph I'5':'3|E
' Probability graph Shep |4':":":'

™ Distribution function '
N omin II:I W ] IlEIEIEIEIEI
™ Distribution Function - 1 frin s
[ Confidence interval in : I %

0k, | Delete |

Modifying one of limiters initiates the display gnaph of probability that variable be beyond
that limiter as shown in such example where prdimkthat result be a loss is thereby
immediately provided.
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&l Graph 1 Im[=] E3

Probability graph
Average : 267E+04 - Standard deviation : 1.78E+04
<0:0.00475 >100000 : 0.00175

0.16
012 1
005 {
o H HHHH
nH. s s s L ||-||-|||-||-|||-I 0.0 oo
0 T T T T T T T T T T
a 16000 32000 48000  &4000 80000 96000

Remarks :

All graphs obtained are in specific calculation etsewhich include all results of relevant
simulation.

Performing the simulation initiates the creationteb additional names for each variable
defined as result, « Average_Result » and « Stdn@aviation_Result », which correspond
to the average value and standard deviation obbkriwith name « Result », respectively.
Such names are specially used for optimization gqaep (See chapter 3.4).

In the same way, the names "CMax_Result", "CMinuRgs "Confidence_rate" and
"Nb_simu" are also created if the calculation of #onfidence interval is required. These
names correspond respectively at the lower andehigbundaries of the confidence interval,
the corresponding rate and the number of simulato@mried out.

Finally, the names "quantile_inf_Résultat", "qubmtsup_ Résultat”, "Quantile_inf" and
"Quantile_sup" and "Confiance_quantile" are alseated if the calculation of quantiles is
requested. These names correspond to the valubke gliantiles of the distribution of results
for the corresponding lower and upper quantilessipbgs considering a confidence level by
applying the method of Wilks.
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3.5 Statistics

3.5.1 Statistical Processing

After selecting a simulation results sheet (grap@pmmand "Statistics® of menu
"Simulation” enables to perform on results various statistma@cessing operations by
ticking among various options proposed in a diabmx. Example below shows results
obtained for all such options.

g Graph =1 E3
Probability graph
12
1 4
O Cost per unit
0.8 1 mLaunching cost
06 + OMumber of sales
0.4 OPrice
0z 4 m Result
04 ; I I I Ly . : :
0 16000 32000 48000 G4000 850000
STATISTICS EHE
j ¥ average
j I Standard Dev % Sample " Population
j W “ariance " Sample & Population
j ¥ Median
? W I
J 7 Kurtosis Cost per | Launching | Number of Price Result
j ¥ asymmetry Coefficient unit cost sales
j W Corfidence interval IQD— % él\t\lrerdagi| 24 9452655 | 3359.71212 | 2168.09553 | 35.2366595 | 24897 9743
. . andar 204124964 | 523 573472 | 939.323297 | 4.39920054 | 148251086
ﬂ IV Cowvarianice matrix deviation (S)
j ¥ Matrix of inear-carrelation cosFfidients Variance (P) 41250331 | Z71367.889 | 873504.973 | 19.15943558 | 217586007
- Median 24 9556536 | 3351.79924 | 2082.26454 | 37 5254686 | 23346.835
j IV ‘Diagram of correlation between wariables Kurtosis -0.4260238 | -0.448271 | 0.02863324 |-0.70982931 | 1.58424155
|Price |Result Asymmetry | -0.124535869 | -0.34137345 | 0.54261496 | 0.53613326 | 0.8535114

Launching cost AI Murnber of sales AI
Mumnber of sales Price
- -

Confidence interval in 90 %

Cost per unit Launching | Number of Price Result

cost sales
oK | Cancel | Blorka min. 24 51251 | 3273.50155 | 2013.50085 | 37 513055 | 22450 4510

Borne max. 252840211 | 3445 83226 | 2322.6007 | 35.9602636 | 27336.4867

Covariance Matrix

Launching | Mumber of
cost sales
Cost per unit 41250331 | 33.9484209 | 306.566201 |-0.04627325 | -4113.04749

Launching cost | 33.9454209 | 271357885 | -8282.52408 | -61.0740733 | -313286.478

MNumber of sales | 306.566201 | -8282 82408 | 573504.973 | -246.259575 | 5744075.99

Cost per unit Price Result

Diagram of Correlation Price -0.04627325 | 61.07 40735 | -246.259575 | 19.1594355 | 35532.9434
Result -4113.04749 | -313266.475 | 9744075.99 | 35532.9434 | 217586007
G0
a0 + 4,
P -W ‘«‘?(:‘ + * Matrix of Linear-Correlation Coefficients
< a0 v .| Launching | Mumber of .
< gl Cost per unit : | Price Result
cos sales
10+ Cost per unit 1 0.03208563 | 0.16150198 |-0.00520505 | -0.13725862
0 f f f f Launching cost | 0.03208563 1 -0.01701181 | -0.02678368 | -0.04076203
0 20000 40000 60000 80000 100000 MNurnber of sales | 0.16150198 |-0.01701181 1 -0.0601962 | 0.706759341
Result Price -0.00520505 | -0.02678365 | -0.0601962 1 0.55033147
Result -0.13725862 [ -0.04076505 | 0.70679341 | 0.55033147 1
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3.5.2 Meaning of Processing Operations

An online help accessible through butt(Ll allows to remind user of the meaning of his
various options :

Average :
Enters the average value of simulation resultshfaetical average).

Standard Deviation :

Standard deviation is a scattering measurementloies from a population with respect to
their average value (square root of variance).

Enters standard deviation of simulation resulfsapulation position,

or

Enters standard deviation of a population assefsea simulation results considered as a
sample of this population in sample position.

Variance :

Variance is the arithmetical average of squaredeofations between values of a population
and their average value.

Enters variance of simulation results in populaposition,

or

Enters variance of a population assessed from atioal results considered as a sample of
this population in sample position.

Median :
Enters median of simulation results (value splttim two halves the series of results
ordered).

Kurtosis :

Enters Kurtosis (or coefficient of flattening) afrailation results.

A positive Kurtosis corresponds to a relativelyrthayh distribution compared to a normal
distribution.

A negative Kurtosis corresponds to a relativelytéiaed distribution compared to a normal
distribution.

Asymmetry Coefficient :

Enters the asymmetry coefficient of simulation fsswhich features the non-symmetry of
distribution with respect to median.

A positive coefficient corresponds to a distribatghifted towards positive-value section.

A negative coefficient corresponds to a distribntshifted towards negative-value section.

Confidence Interval :

Interval which includes the considered parametén wiprobability equal to confidence level.
Confidence interval depends on sample size (nundbfesimulations) and on standard
deviation of this sample.
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Covariance Matrix :

Covariance features the linking intensity betweet fparameters (arithmetic average of
products of deviations for each of them).

Enters the covariance matrix between the variausiisited parameters.

Matrix of Linear-Correlation Coefficients :

This coefficient features the linking linearity iveten two parameters.

Enters matrix of linear-correlation coefficientdween the various simulated parameters.
This coefficient may vary between 1 and -1.

Diagram of Correlation Between Variables :

Enters diagram of correlation between two selep@émeters (cluster of points typical of
couples xi and yi being simulated).

Both parameters should be preliminarily selectelatih scrolling lists.
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3.6 Treatment of the dynamic systems

3.6.1 Recursive Modelling
a) Principle:

Recursive modelling does not describe the behawbuwr system during all its mission but
only between two current momentsid tj which corresponds to random state chanfyéseo
system (failure or repair for example) or to th@ssing of characteristic thresholds by
continuous variables in the case of hybrid syst@msechanism of control activated when a
parameter enters in zone of alarm for examplejesitlts a simplified simulation, exclusively
based on logical or calculation operators.

Classical model |, /\/\_’_\

Recursive model

to 1 =6+ At tmissior

Each simulation carried out by the tool consisteeropying a certain number of times, during
all the mission, the Ej state, defined in cellshaf spreadsheet, in Ei state, defined in the same
manner in other cells, from an initial state EOimsd in addition, like illustrates it the
following figure.

At=min (T, ; thisson - tj)

The incrementAt, considered by the tool, is the smallest compuwtaldle among various
increments of times Tk defined in another cellstlod spreadsheet. These times Tk are
recalculated at each transition in the Markov aarsealculated once and then decremented
until they are taken into account otherwise.

Simulation can be carried out in step by step tidate the models, or during a complete
mission which is simulated a great number of tiesrder to reach the required precision.
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b) I mplementation:

Command'Recursif Model" of "Simulation” menu allows getting the following dialog box
used to define the addresses of the various cefisidg the states & E and E and the
increments of time as well as the duration of thesion.

RECURSIF MODEL ?]X]

Construckion of a recursive maodel of Monke-Carlo simulakion

Addresses of the cells defining stakes EQ, Ei, Ej with:

TO: |$B46:4E415 Ry
Ti:  [$cie4cis Ry
Ti: [$D¢e:40415 Ry
Addresses of the cells defining the increments af time (dT):

48417 46522, 56427 Ry

You can seleck the cells with the mouse and the key "Crel" if several beaches of
cells are concerned

Duration of the mission: S00000

Tempatization after each event (second) : 0 s
1

[v Addition of buktons of activation and best Z j

K Cancel

Each address of cells can be broken up into malggicondary addresses by the use of the
mouse and the key "Ctrl".

Button of activation and test (initialization, steg step, simulation) can be copied on the
sheet in order to facilitate the validation of thedel and a temporization after each event can
be required (in second).

"INIT" parameter is also created in the workshedttilitate the development of the model of
simulation. This one is with the True state witltialization then with the False state during
simulation.

To allow the user to build its simulation recursiwedel, the tool offers random parametric
functions to simulate various laws of probability thhe spreadsheet (macro-functions).

These functions start with "L_", followed by 3 firgetters of the probability law and
corresponding 5 arguments in brackets separatadcbynma, as in the following example:

=L_Wei(2,500,100)y®» 972.035706
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The significance of the arguments of these funstisrgiven in the following table:

Law Code | Argument 1 | Argument 2 | Argument 3 | Argument 4 | Argument5
BETA BET N P Min Max
BINOMIAL BIN | Probability | Nb of tests Min Max
ERLANG ERL Lambda K Min Max
EXPONENTIAL EXP Lambda Min Max
GAMMA GAM Lambda Beta Min Max
GEOMETRICAL GEO | Probability Min Max
GUMBEL GUM | a (position) b (scale) Min Max
HYPERGEOMETRIC HYP Nb good Nb of tests | Nb wrong Min Max
LOGNORMAL LOG Average S. deviation Min Max
NORMAL NOR | Average S. deviation Min Max
PARETO PAR K Min value Min Max
PEARSON PEA Nu Min Max
POISSON POI m Min Max
TRIANGULAR TRI Probable Min Max
UNIFORM UNI Min Max
WEIBULL WEI Beta Sigma Gamma Min Max

By way of illustration, the examples of recursivedrls presented hereafter are proposed in

the on line help:

a) Monitoring mechanism of liquid level in a tank (hykrid system)

This mechanism of control allows the regulationliqtiid level in a tank at a minimum or

maximum threshold according to relative flows' betw the filling pumps and the emptying

valve.

These components are reparable and have each possible modes of failure (blocked ON

or OFF for the pumps and blocked in the currertesBpen or closed for the valve).

2 RESERVOIR.XLS

Ta Ti Tj Pump 1 = Pump 2
[ i [35721,0886] 38528 507 | T - termps courant (he) D—p
h 3 2,00 2,00 fe height of water (m)
Purp 1 1 1 2 1.0k -2 bloqued ON - 3. bloqued OFF Mas threshold
Purmp 2 1 1 1 100k -2 bloqued ON - 5 bloqued OFF
Walve 1 1 1 100k -2 blogued Open - 3 bioqued Closed .
Mh el i i i Curmulated number of overfiows Min threshold
T overflow 0 0,00 0,00 Cumulated duration of overflows {hr) [l e
W overflow a 0,00 0,00 Lost cumulated volume (m3) Valve
Mb emptying 0 0 0 Cumulated numbers of emptiings Step
T emptying 0 0,00 0,00 Cumulated duration in emptiing (hy
% emptying 1] 0,00 0,00 Curmulated volurme not provided Simulation
Pump_1_0K 2607 42 | MTEBF P1 50000 i Pl 0,00002
Pump 1 _NOkK MTTR P1 5000 P 0,0002 Pump 1 Pump 2 Valve
Purmp_ 2 0K 2398632 | MTEBF P2 50000 P2 0,00002 h = Max threshold|  stopped stopped Cpen
Pump 2 NOkK WMTTR P2 5000 P2 0,0002 Wlax threshold & h 2 Min threshaold active stopped Open
Yalve DK 48185,32 MTBF % S0oo0 Y 1 Z5E-05 h < Min threshold active active Closed
Walve NOK MTTR Y 10000 ny 0,0001
Tank surface (m2) 50 Be A flow o {I¢h)
Tank height () 5] Hr dhfdt ] {m/h)
Ilin threshold (m) 2 Smin threshald -2,00 {m)
Max treshold (m) 4 Smax Titreshold  FHEARARGEE (h)
Purnp flawe 1 (1/h) 100 o1
Purnp flowe 2 (I/h) 100 o2
Yalve flow (I/h) 150 oy
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b) Capacity of production (Miniplant test-case)

Al joms

ﬁ’"

MINIPLANT relates to a factory of production whosapacity is equal to lowest capacities of
three subsystems in series.
Each block contributes to the output of the unitmbich it forms part. The blocks C1
and C2 are in cold passive redundancy (C2 functamlg in the event of C1 failure

with a null failure rate to the state OFF) and Hie E8 blocks function only so at least
6 of them are operational in order to exceed ammahithreshold of 90% of capacity
for this last subsystem.
Two policies of maintenance are considered: aimepper block or only one repairing
per subsystem with repair of the blocks in the oodeppearance of the failures.

20 Mi

niplant

Capacity of production (Miniplant test-case) a0
Ty Ti TJ Tmission
[ | [ 963 | [ 1018 ] | 8760 |
A p | Capacity TTF TTR DeltaT
[Al2E05]0005] 100% [ 1 | [ 1 | [ 7817 ] L] 1 | ] a0,22 |
C1|0,0001]0,002] 40% 1 1 3024 1 Single repairer
c2 | 00001 | 0,002 40% 1 1 1 [ FALIR |
D1 | 0,001 0,1 0% 1 1 1770 1
02| 0,001 0,1 0% 1 1 a0 Initialization ‘
E1 | 0,0002| 0,01 15% 1 1 G538 1
EZ | 0,0002| 0,01 15% 1 1 5064 1 Step
E3 | 0,0002| 0,01 15% 1 1 8514 1
E4 | 0,0002| 0,01 15% 1 1 1858 1 ; 7
E5|n,000z] 007 | 145% 1 1 435 7 Simulation
EE | 0,0002 | 0,01 15% 1 1 17956 1
E7 | 00002 0,01 15% 1 1 1778 1
ES | 0,0002| 0,01 15% 1 1 B555 1
Production:[ 100% | [ 100% | 100%
Average production { mission :| | [9961% | 99 63%
Probabilky graph - 1 repairer Probability graph - Nrepairers
Average: 934E-01 - Standard deviation : 5,84E-02 Average: 9.47E01 - Standard deviation : 5,36E-02
Confidence interval n 90% : 9.33F 01 9,35E-M1 Corfidenceinterval in 90% : 946E-01 9,48F 01
02 0.5
0,15 02 4
e 0,45 1
01 4
0.6 J
R L aa L i '""""" y | D'EE
588 BLEEERRREE] EB%%F&EEES&E&_E ]
I T T T T e R i O O O oo d O g g OO (=]
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MINIPLANT + differs from the MINIPLANT test-case bine following elements:

Introduction of a stochastic dependence: The @iheht of the cold redundancy is
affected of a failure ratd OFF =AON /10 and of a failure rate to the request1%.
Introduction of a phenomenon of wear and a periodantenance: it is added to
element A an element A', in series, subjected tarvaecording to a Weibul lavB (=
5,y = 0,0 = 4000) and replaced periodically (3000 hoursraF@ and preventive or
corrective maintenance actions).

Possibility of choosing the number of repairers gabsystem (of 1 to N with
evaluation of the particular case: 1 repairerdobsystem 2 and 3 repairers for the
subsystem 3).

Taken into account of a production request modiéeery 2000 hours on average and
distributed uniformly between 60 % and 130 % (eatiin of the proportion of the
really satisfied request).

Compared to MINIPLANT +, MINIPLANT Pro considersstadata in order to optimize

the means of production:

* The maintenance cost of the A' element is one wosttannual Cost =
8760/Period of maintenance).

* The annual depreciation of each set A, C1:C2, B1E2ES8 is 10 cost-units for
their initial capacity, that is to say respectiv&80%, 40%, 30% and 15%, and is
proportional to this capacity which can be modifiec ratio from 0,5 to 2.

The annual cost of each repairer of the sets C+:82:B2 and E1:E8 is 1 cost-

unit.

c) Model of satellites constellation deployment and matenance

The constellation consists of N operational sdédliplus spares (15 to the maximum
simultaneously in orbit). Those can break down bade each one a limited lifespan due to
their propellant capacity.

El CONSTELLATION.%Is =] 5]
Constellation of satellites
Ta Ti deltaT Ti Tmission
o
Sat Ok LD OF Ok _LOD OF T1TF Ok L0 OF " (_/_\/\ /M
1 4 1 4 L hi 1269421 { \
1 25 1 25 TTLanc. 0K 1213421 Initialisation e
1] 25 |f 25 [ T | 1 [z tsaz | ( \
1]90r8 )1 407345 i = 11armar[ i Step | "
1 T 1 T F ! 1 [66342[ 1
1 55 1 65 TT Reconf, 161942 [ 1 I \
1|90 9,07343 Faly | 1 et Simulation v
1 55 1 55 151942 [ 1 [
1 7 1 0,30575 Anticipation N '
1| 5079 3,07943 TT Antic. U1 |arrar] | ' '
1 Fal
Degraded [x)
Launcher reliabili 087
Lifespan: 10 years
Sat reliability (10 years): 05 W BE-DE
Nhb sat ist | hi 3
a Faux Launching decision Faux Nb sat ing 3
2 2 Mb sat { launcher 2 R i 0,50 years
1] 1] W aiting for launcher 1] 0,50 years
0 FalUY Manufacturing decision FALY In orbit reconfiguration: 0,08 years
0 a Nb Sat Manufactured a Nb sat nominal missi: k]
Falk= FalUx Reconfiguration decision WRAI HMb sat minimal missi a
0 [ Waiting For reconfiguration [ Spare on ground: FALE
Launcher cost: 40 MEuros
MbSatOpatTj: [ & Recurring satellite cost: 70 MEuros
Nominal availability at Tj: 1] Interest rate: 0,00
Degraded availability at Tj: | 1 dur ati 25 years
a E.495 Mb sat Op from Tmin to Tj < Tmaz £.5329
0 0z Nominal availability from Tmin to Tj <Tmaz 0233
[1} 052 Degraded availability from Tmin to Tj ¢ Tmaz 05389 Degraded: 2 Satellites
a 1250 Cost from Tmin to Tj < Tmaz 1250 Tmin: 1] years
Tmaz: 30 years
Ayerage i Min Mlan Curve [21 points): | Deagraded [t)
MbSatOp: | 7384727 | 029526 | 733616 | 743323 inmi a years
Mominal: | 0434634 | 006736 | 04261 | 044397 Step: 15 years
Degraded: | 0,625313 | 006043 | 061538 [ 063526
Cost: [ 2625 179436 | 249549 | 2664 61
AT T (0 Ty Confidencerate: 903
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3.6.2 Simulator of system architecture

This tool can automatically generate a model ofirgive simulation from a table filled in by
the user.

ArChitecture Pazsive | Simulator |
Spare | REBD |
. . . Passive Stock of spare
Equipment Failure Repair Failure or Treers TAT

N° Name Law i Law [ Conditiongee| Law | Aorr | Law | Trecors| 7 N° S Law | TAT
1 ExF ExP = ExF ExF

2 EXP EXP EXP EXF EXF

3 EXF EXP EXP EXF EXF

4 ExP ExP ExP ExFP ExP

a ExF ExP = ExF ExF

+

Operation

N® Name Condition

1

2

3

4

+

The table includes the characteristics of failuegpair, reconfiguration and logistic of the
system components, and a logical description ofinahor degraded mode of operation.

The operating conditions and the conditions maiethin the passive state are defined using
the operators AND (*) OR (+), NOT (~) and combioatim among n : m/n(i + ... + k).

Architecture _ Passive_ | Simulator

Spare RBD

Equipment Failure Repair Markov
N Name Law Parameters Law T8
1 ExP EXF TRUE
2 WE | ] ExP FALSE
3 ExP ExF TRUE
4 ExP ExF TRUE
5 ExP ExP TRUE
=

Given by default, the exponential probability la@ncbe replaced by another law. Then,
additional columns allow to enter the law paransetand to indicate if the Markov
assumption must be maintained for the equipment.

The buttons "Passive" and "Spare" can hide or st@wrelevant columns in the table. The
button "Simulator" allows to generate the simulatrnodel and the button "RBD" draws the
Reliability Block Diagram as a fixed picture or ardted by the step by step simulation.

Many messages accessible by the mouse (red dtte mpper left cell) provide information
about input formats.
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As an illustration, the example of a cement plaetpw, is presented in the online help:

Cement Plant

Nominal

Passive 2/3-Tr=1hr-y=0,01

Redundant

Tr=24hr

Spare

MTBF (hr) :
MTTR (hr) :
MTBFoge =100 * MTBF oy

Excavator Crusher Kiln Crusher

Excavator

S=2 sS=1
TAT = 1000 hr TAT = 4000 hr
10000 15000 20000
50 500 300

. . . Passive Stock of spare
Equipment Failure Repair Failre oy T TAT
N° Name Law A Law B [Condition o | Law | Aorr | Law | Trecont y N° S Law TAT
1 Excavator 1 EXP | 0,0001 | EXP 0,02 EXP EXP 2 EXP | 1000
2 Escavator 2 EXP | 0,0001] EXP | 0,02 EXP EXP 1 EXP
3 Escavator 3 EXP | 0,0001 | EXP 0,02 1*2 EXP | 1E-06| EXP 1 0,01 1 EXP
4 Crusher 1 EXP | 7E-05 | EXP | 0,002 EXP EXP 1 EXP | 4000
5 Kiln 1 EXP | 5E-05 | EXP ] 0,0033 EXP EXP EXP
6 Crusher 2 EXP | 7E-05 | EXP | 0,002 EXP EXP 4 EXP
7 Escavator 4 EXP [ 0,0001| EXP | 0,02 [/3(1+2+3)*4*5*| EXP | 1E-06] EXP 24 1 EXP
8 Crusher 3 EXP | 7E-05 | EXP | 0,002 }/3(1+2+3)*4*5*| EXP | 7E-07 | EXP 24 4 EXP
9 Kiln 2 EXP | 5E-05 | EXP | 0,0033 |/3(1+2+3)*4*5*| EXP | 5E-07| EXP 24 EXP
Operation
N° Name Condition
1 Nominal 2/3(E1+E2+E3)*E4*E5*E6
2 | Degraded mode 1 1/3(E1+E2+EJ3)*E4*E5*E6
3 Redundant E7*E8*E9
4 | Degraded mode 2 F2+F3

The conditions maintained in the passive statelefieed from the operative state (no failure)
of equipments identified by their number. Thus, éixeavator 3 is not used when the first 2
work. It is operational after an hour with a sdhgion failure probability of 1%. It uses the
same stock of spare equipments that 1, which dsnsi2 units with a restock time of 1000
hours. The equipment order in the table definesalleeation order of spares in case of a
stock split and it is decremented at the end o eapair.

The operating conditions are defined from the atibn state (ON state) of equipment
identified by numbers preceded by the letter EQtber operating conditions preceded by the
letter F.
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T0 Ti Ti
Equipments TTF TTR TTS
El1:l 2 1 12178,69 1
E2:| 1 1 1601,75 1
E3:| 1 1 4270,% | o000 |
E4:] 2 1 12290,43 1
E5 1 1 15961,14 1
E6:| 1 1 6358,16 1
E7: 2 1 23221,46 0,00
E8:| 1 1 18721,8 0,00
E9:| 1 1 26882,74 0,00
Stocks TAT
S1: 2 2 2
S4: 1 1 1
Operations
F1:} 1
F2: 1
F3: 1
F4:l 1
Average/mission .
F1: Markovian 1
F2: : 1
Fa. Simulator 5
Fa4: 1

DeltaT

The state of equipments, stocks of spare and fume@ppear in 3 columns corresponding to
time TO, Ti and Tj. The active state is charactatiby the value 1 (green), the state of failure
by the value 0 (red), and the passive state biattieof character (grey).

The central cells (blue) correspond to the timeokeefailure (TTF), before repair (TTR),
before transition to active or passive state (TD8)before restocking the spare (TAT).
Additional cells are also used to calculate theaye availability of different functions during

the mission.

For non-Markovian, additional lines are added teheaquipment as either repairable or
passive with reconfiguration duration, and to edtem of spare stocks that supply is

independent.
T0 Ti Ti
Equipments TTF TTR TTS
en:a] D] [mrss ] | | 1
747,6
E2:| 1 1 2419,04 1
E3:| 1 1 87.44 000 |
E4:] 1 1 5108,83 1
E5:] 1 1 18590,77 1
E6: 1 1 1379,17 1
E7: ] 1 1 7053,70 0,00
E8:| 1 1 43432,13 0,00
E9: 1 1 61981,72 0,00
Stocks TAT
Sl:| 2 2 2
SH 1 1 1

Non-Markovian
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3.6.3 Simulation of Markovian systems

Same manner that toSIUPERCAB, SIMCAB makes it possible to simulate the matrices of
Markov, while offering the additional possibility tconsider various probability laws of
transition.

MAT: 1 2 3 4
1 8,0E-6 Nor(20 ;1)
2 3,2E-4
3 5,0E-4
4| 1,2E-2
INIT: | 0,8 0,2 0 0 |
ETATS: | 1 1 0 0o |

For this purpose the macro-function, MARK_SIM, greposed by the tool to calculate the
probability of being in the various states of tlygstem, or in a combination of states, at the
time T:

"=MARK_SIM(MAT,INIT,STATE,T,N)"
The argument MAT corresponds to matrix of transitrates in hour -1 (terms of main diagonal
are automatically computed during the processimbeanpty cells are replaced by 0).

Associated exponential laws, the rates of transit@n be replaced by other laws of probability, as
in the example above (Nor(20;1) = Normal Law ofrage 20 and standard deviation 1), while
preserving at the system its Markovian charactemfemory after each transition).

Each of laws is defined by its first 3 letters dolled by 5 arguments in brackets separated by a
comma whose meaning is the same as those of rapdaametric functions to simulate various
laws of probability on the spreadsheet.

Vector INIT corresponds to the probabilities ofriagin the various states at T = 0.

Vector STATE defines the combination of states @celaluated (state 1 or 2 in the example). If
this vector is not defined, the tool calculatesghabability of being in state 1.

Argument N corresponds to the number of simulatitmgarry out before leading to the
result.

MARK_SIM function may be used in matrix form. To do, select a range of cells and press
"block capital" and "CTRL" keys by entering the ttion.

Used in matrix form, MARK_SIM function helps disglag time T, probability Pr to be in the
combination of states defined by vector STATE, mtyabilities P1 to Pn if vector STATE is not
defined. It gives such results for intermediateetivalues between 0 and T if range of selected
cells includes various lines.

Following examples specify the formalism adoptedsiach function when used in matrix form.
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a ) Vector STATE is defined :

2 columns or more 1 column
Time Pr Pr
0 0 0,9 0,9
T/(Nblines -1)100 0,82142808 0,82142808
200 0,78539121 0,78539121
T 300 0,76749154 0,76749154

b ) Vector STATE is not defined :

1 column 2 columns
P1 P1 P2
0 0,8 0,8 0,1
T/(Nblines -1)) | 0,75790422 0,75790422 0,13709395
0,74332265 0,74332265 0,15914719
T 0,73803747 0,73803747 0,17235284
n columns
P1 P2 Pn
0 0,8 0,1 0,1 0

T/(Nblines -1) 0,75790422| 0,13709395| 0,06352386 4140797
0,74332265 | 0,15914719 | 0,04206896 0,0554616
T 0,73803747 | 0,17235284 | 0,02945406 0,06015563

n columns + 1 or more

Temps Pl P2 Pn
0 0 0,8 0,1 0,1 0
T/(Nblines -1) | 100 0,75790422 | 0,13709395 0,0635238304147797
200 0,74332265 | 0,15914719 0,042068%6 0,0554616
T 300 0,73803747 0,17235284 0,02945406 0,06015%63
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4 Applications and Joint-Application Possibilities

Examples shown here are provided for demonstratiamline help. Some of them illustrate
the joint-application possibilities betweeésiMCAB and the othetCAB INNOVATION
softwares, either for controlling scattering inessnents performed I8fMCAB+ operation
safety software, or for achieving optimizationsngsGENCAB software from simulation

results.

4.1 Controlling uncertainties

The following examples show in simple cases howedlisioning problems may be solved by
the program in such highly different fields as neditkg, electronics or mechanics.

F1

Launching of a new product

Launching cost: 387259875
Price: 369429184

MNumber of sales 17260632
Cost perunit: 25 4116519

Result: 15157.033 §

Mean result : 26112 I
Standard deviation :

3 Graph
Probability graph

Mean value : 26112 § - Standard deviation : 13858 §
Probability (result > 0) = 1,23 %

0,16

012 4

0,08
0,04

1H[=]

Ay Frobatie Max
LU T Earin

7 K A8

S FE S

25 Standard deviation 7

Risk of loss =12 %
[ [Ofx]

D'HHHHHHHHHHHMM

o) \@DQ ,ﬁéﬁh {épo §§§§ ég)e Q@)Q« é?“ @59 oﬁpié_‘})@\,\@@\q@@

What result can we expect from a new product ?

This first example shows immediately the relevarasn for highly mere computations, to
obtain results in distribution form, and not inesglve assessment form

=]

Worst case analysis

27.7080484
1816932
83396704

Yoltage W1
Fesistar1:
Fésistor2:

VYoltage V2 :

Mean value :

8.4207182 Volts

Standard deviation : 8.55

Probability (V2 < 4 Volts ) - 0.08 %

Wi

R1

Rz

= [D[x]

w2

How to validate robustness of one design in thestwcaises of operation ?
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This second example illustrates a highly clasgi@abe of problems regarding design, that is how
to make sure that design will be robust in the waases of nominal operations (assuming
components going downhill, power supply variaticageing, radiation doses received, ... etc.).

2l IS [=1 B3

Dispersions of resistance and stress

Prohabhility of breaking (S = R): 0,3 %o

o Stress

W Resistance
T T I T I T
42 45

03+

02+

Laall] HMJ

24 ey 30

0,

=]

9

How to dimension properly a safety margin ?

This third example finally shows how, in mechaniasgdimensioning, assuming dispersions of
materials resistance and stress undergone, proaidasch better guarantee than if it is only based
on using a simple safety coefficient (ratio betwaearage resistance and average stress).

4.2 Simulation

In addition to the assessment of scattering inutafions whose purpose is controlling
uncertainties, simulation may also enable to faifgcult results, even impossible to get

through analytical computations. So, examples be#hww simulations achieved in the
Operation Safety field.

Sl EX_SIM_3.XLS

Reliability assessment

MTEF (E1, E2, E3):| 20000 |hours MTBF off = 10*MTEF an

Larnbdaon: 000005 Operating duration of redundancies:
Lambda oft  5E-0k
Operating duration:
E1- 39326 Parallel [ 39326 I—I Reliabili
Fo 1669 hd
E3: 9484 1
E2 off: 74333
II na Parallel
Yote 2/3:[ 39326 0g
/ Passive
02 Sere
0 et vote
- = = = =
Passive: | 40995 § éu‘) Q [}
o

Reliability assessment

This example shows how redundancy equipment rétiabnay be assessed simply by
simulation.
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What is the impact of a servicing time followindpeeakdown ?

3 _[olx]|
On satellite optical instrument destruction by solar dazzle
Initial attitudes / sun Téta X0 : 263.590 degree \é/_
Teata v : 33180 degree _/ B
Téta Z0: 139,207 degree
Initial speeds Wl 2163 degree fsecond
MR 0.683 degree fsecond
W20 0,326 degree fsecond
Dptical instrurment cone 1a degree
Delay before destruction : 10,00 hours I !
Mean value : 8,15
Destruction before satellite ground control
Standard deviation : 3.02
Delay < 10 heures : 33 %

This example shows how the impact of a post-failaesvicing time allowance upon
equipment-destruction probability can be evalugtesk of destructive solar dazzle of an
optical instrument mounted on a satellite whichadonger momentarily controlled).

EH EX_Sim, 8
Satellites Life duration: | 5 | Launchers  reiaiiy: Mission
Reliability at 5 years: | 04 |  Lambda 2,0392E-05
1 2 3 4
N Success of Availability Date of Launchin Success of
Launching date N _
Launching date Loss q date Launching Perict| 025 033 037 039
Launch_1: 35 Succeszs 11 Auail 35 Los=s 1 &5 Launch_a: 35 Success_a: 1 Ferfoz:[ 43 82 ng 128
Launch_2: 3.5 Success 21 Auail 2 35 Loss_ 2 509 Launch_b: 4.5 Success b 1 PerfoX| 54 93 M1 174
Launch_3: 45 Success 31 Auail 3 45 Loss 3 873 Launch_e: 7,03 Success o 1
Launch_4: 45 Success 41 Auail_4: 4.5 Loss_4: 708 Launch_d: 95 Sucecess_d: 1 Scenario: 2'2 + n"2 no spare with anticipation
Launch_B: 70925 Suceess B 1 Avail_5: 7,09 Lazs B 121 Launch_s: 115 Success e 1 Ground action: | After 1 Failuredneed or at the end of lifetime
Launch_g: 70925 Success 61 BAuyail_E: 718 Loss B 2449 Launch_f: 141 Success B 1 Performance: Fiate of realization
Launch_7¥: 395 Success_ T 1 Awail_T: 4.5 Loss_T: 138 Launch_g: 161 Success g 1
Launch_2: 3.5 Success 8 1 Auail % 45 Loss_ % 138 Perfa: 0,361 from 4.5 t0 14,5 years
Launch_3: 1.5 Success 31 Auail 3 15 Loss % 123 Cost: 1873 from Oto 14,5 years
Launch_10: 1.5 Success 10: 1 Auail_10: 122 Loss_10: 165
Launch_11: 14,082 Success 11 Al 11 141 Logs_1t: 131 Average Perfo: 0,353 sigma: 0,018
Launch_12: 14,032 Success 12: 1 BAuail_12: 141 Loss_12: 131 Average Cost: 197,39 sigma: 10,15
Launch_13: 16,092 Success 131 Auail_13: 161 Loss_ 13 211 Average Cost per year: 1365 sigma: 7o
Launch_14: 16,032 Success 141 Auail_14: 181 Loss_14: 194
FPerformance Cost by 6 month old section [MEuros with T0)
04 25
03 I 20
IJ 15
02
I[ 10
o1 /l{ 5
o o
a 1 2 3 4 5 & T & 3 10 1 12 13 14 15 18 i 1 2 3 4 5 & 7 & 3 10 1 12 13 14 15 16
Time [Tears) Time [years)

This more complex example shows how the performmaoel the costs of a constellation of
satellites can be simulated by considering vargitetegies of deployment and renewal.

Also proposed in demonstration by the tool, thisrmegle required the development of a

specific macro function which makes it possibléedentify the nth value in a list:
Order (list, N)
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4.3 Joint Application with  SUPERCAB + Software

SUPERCAB + is a dependability and safety tool. Examples beitustrate the joint-
application possibilities offered with such softear

&£ Ex_Sim_5 A= 3

Reliability Block Diagram
STl Witk Sunerned inol

UNITS MTTF Kinf of Felighility at

Unit 1 Unit 2
(hour) redundancy 2
years
Unit 1 40077 | Semwiissioved | passive 34 | 0615147406 10000 he
Unit 2 93626 ‘ TR S E serie 0.829337191
3 Assesament i Sypaicat . | 051016462
Meanvalue [ 056 ] nassive 34 serie

Standar deviation : 0.073

Scattering over the reliability of a system arottiiee

Example hereof shows how this joint-application plselinitiating scattering on entries
(MTTF : mean time to failure) of a particularly cphax processing (reliability calculation of
a system architecture assessed from automaticafigrgted Markovian models).

@ ExempleB_xls !E!m

Availability of a mission with 2 satellites

Lbdl: 307153E05
Lbd2: 307153E-05

Sat1&2o0k :1

Built duration : 5360 547255 Sat1loss :2

Launch failure 0 Sat2loss :3| |
Repearing duration : 5350 547255 Mission loss :4

Mu : 0000186548

mm:[ 1 f 0 f o oo |
Availability I 0‘7922829!13!
MissionOK:[ 1 | 0 | 0 [ 0 |
Meanvalue:
Markov matrix

Standard deviation :

Scattering over a mission reliability

Equally, these last two examples illustrate thismtj@pplication possibility for a Markov
matrix processing and an event-probability assessme fault tree, respectively.

£} Ex_Sim_B M=l

Fault tree rousbng wit C38TREE tac)

Type Heading Yariable Gate Probabili
Pectangle a NAND{b,) I 0.982098343 _|

Rectangls b NOR(d 8) 0 064718388
Circle c - 0276599235 AT
Circle d 0 B03472088 HJESRT
Circle e 0836757309 a7

Mean value of event a probability : 0.971
Standar deviation : 0012

Scattering on probability of an event
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4.4 Joint Application with GENCAB software

Such a coupling enables to achieve optimizatioms fsimulation results.

=] (O]
Parking strategy

Nth free space or first free space after row P

?; 10 spaces per minute

e .
e E EERRRITE
Free spacel1: 19 .
Froespace 2 96 >p Bl —— 100 spaces per minute
Free space 3 #MN/A

Free space 4 #MN/A N : 5 _1 & minuies
Free space b  #MN/A _

Freespace B #M/A F: 56
Free space 7 #MN/A
Freespace 8§ #M/A Space number : 96
Freespace 3 #M/A
Free space 10 #M/A  Time taken to reach the objective : 1.36 minutes

Mean value : 472549
Standard deviation :| 309317466

In this example, the two optimal parameters of paylstrategy (Nth free parking lot and row
P from which the first free parking lot will be $gmatically taken) are being searched by
GENCAB by minimizing the average of times taken to re#oh objective, assessed by
SIMCAB.

This joint-application possibility may help dealingth different types of problems So, it

becomes possible optimizing parameters of an iatdion strategy on a system subject to
simulation (command/control, traffic managementin&nance, ...).

44



5 Features of Probability Laws

The different software-proposed probability laws kriefly described in this chapter.

Binomial Law :

Binomial law represents the number of successesraut after n independent tests, each one
with a probability p of success and (1 - p) ofded!.

Example : number of failing parts in one productbatch.

Erlang Law:

The simple Erlang law represents the duration goooccurrence of a kth Poissonnian type
event.

Example : Time before a stock runs out.

Exponential Law :

Exponential law represents duration prior to ocence of an event whose probability of
occurrence per unit of time is constant (rate).

Example : Time of equipment proper operation withngtant failure rate (electronic
equipment not undergoing wear).

Gamma Law:

This is a very general law with two parameters.

If Beta =1, law is exponential.

If Beta is an integer K, law is the Erlang law.

If Lambda = %2 and Beta = Nu/2 with Nu being an gete law is the Ki-two law with Nu
degrees of liberty.

Example : Time before a stock runs out.

Geometrical Law :

Geometrical law represents the number of testd {irdt success occurs; each test being
independent with a probability p of success.

Example : number of parts to be achieved beforaininig a proper one.

Hypergeometric Law :

Close to the Binomial law, the Hypergeometric lagpresents the number of successes
obtained after n print runs without any discount.

Example : number of faulty parts in one samplewiegi from a batch of which the initial
percentage of elements to be discarded is known.

Lognormal Law :

The Lognormal law features a distribution of whitle variable logarithm follows a normal
law.

Example : Prediction of a selling price of a pradsmld at auction.
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Normal Law :

Normal law represents many natural phenomena @ity a variable likely to deviate
symmetrically with respect to an average value aittecreasing probability.

So, the standard deviation corresponds to the geardeviations.

Example : deviation between size of parts achieratipredicted size.

Pareto Law:

The Pareto Law is a power law defined by 2 pararaetee Pareto index K and the minimum
value of the variable.

Very used in quality management, it helps to desca factor more or less decisive (20% of
problems generate 80% of the costs ...).

Pearson Law :

The Pearson law or Khi-two law is a continuous the/ random variable of which is the sum
of squares of nu normal reduced independent vasabl

This law is especially used for confidence intewatulations.

Personalized Law (Kaplan-Meyer):

This functionality allows to define any type of tstics law from its distribution function
defined on processing sheet.

Defined by a 2-column matrix (values and growinglabilities from 0 to 1), this function
may be entered by user or generated directly biwaoé from experimental data by the
Kaplan-Meyer method.

Poisson Law :

The Poisson law represents the number of occursgneeunit of time of independent events
the rate of which is constant (probability of ocemce per unit of time).

Example : Number of telephone calls transiting dine

Triangular Law :

The Triangular law is featured by values taken keetw two limiters (minimum and
maximum) the probability of which decreases lingatkpending on distance at a probable
value.

Example : Prediction of a product's sale.

Uniform Law :

The Uniform law is featured by equiprobable valtedsen between two limiters (minimum
and maximum).

Example : Frequencies of a random noise.

Weibull Law :

The Weibull law with 2 or 3 parameters may descnitay distributions depending on values
of its parameters.

Example : Time of proper operation of an equipmeith a variable failure rate (mechanical
equipment undergoing a wear).
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OPERATING LICENCE AGREEMENT

OF SIMCAB SOFTWARE PACKAGE

ARTICLE 1 : SUBJECT

The purpose of this Agreement is to define the @@t in which the CAB INNOVATION Company grants thestomer
with a non-transferable, non-exclusive and persagak to use the software package referred tocSdMICAB" and whose
features are specified in user's manual.

ARTICLE 2 : SCOPE OF THE OPERATING RIGHT

The customer may use the software package on ngke siomputer and on a second one provided thatetbend computer
does not operate at the same time as the first he. customer can only have one software packagg maintained in a
safe place as a backup copy.

If this license is regarding a performance on sites customer may install the package software cseraer, while
scrupulously complying with purchase conditiongestaon specific conditions especially defining thaximum number of
users authorized to use the software package fh@in terminal and the maximum number of users ai#bd to use it
simultaneously. The customer is therefore authdripeperform a number of software package docurtientaopies equal
to the maximum number of users allowed to use it..

CAB INNOVATION will be in a position to perform inspons, either itself or through a specialized tgrpiurposefully
authorized by CAB INNOVATION, at customer premiseséuify if customer has met its requirements : nemiif software
package copies used, location of such copies, &tarties will agree as regards the practical nitelof performance of
such inspections so as to disturb minimally custsraetivity.

ARTICLE 3 : DELIVERY, INSTALLATION AND RECEPTION

The software package and attached supplies willdigered to the customer on mail reception datee customer installs,
at its own costs, the software package using ratavanual delivered by CAB INNOVATION.

The customer performs the inventory and shall mf@AB INNOVATION, within three working days of theelivery, of
any apparent nonconformity with respect to the orilee customer is liable for any loss or any daeneaused to supplies as
from the delivery.

ARTICLE 4 : TESTING AND GUARANTEE

Guarantee is effective as from the mail delivertedset forth in Article 3 and has a three-monthidiii.

During the guarantee validity, if the customer eigreces a software package operation trouble, beldhinform CAB
INNOVATION about it, so as to receive any helpfup&nations with the purpose of remedying suchhteulf the trouble
is continuing, the customer will return the C.D. RGVCAB INNOVATION, at CAB INNOVATION's Head Office, dtis
own expense and with registered mail with acknogdsedent of receipt, by specifying exactly the trasbéncountered.

Within the three months of reception of consignneettforth in preceding paragraph, CAB INNOVATION IvdEliver, at
its own expense, a new product version to the austoThis new version will be benefiting of the saguarantee as
benefited the first version.

The customer looses the benefit of the guarantee does not comply with the instructions manuabnemendations, if he
performs modifications of configuration set fort Article 2 above without obtaining a prior writteensent from CAB
INNOVATION, or if he performs modifications, additis, corrections, etc... on software package, aitnthe support
from a specialized service company, without obtajra prior written consent from CAB INNOVATION.

ARTICLE 5 : PROPERTY RIGHT

CAB INNOVATION declares to be holding all the righgsovided for by the intellectual property code BHWCAB
package software and its documentation.

As this operating-right granting generates no pirtypeght transfer, the customer abstains from :

- any SIMCAB software package reproduction, whettes iwholly or partly carried out, whatever the rfomssumed,
excepting the number of copies authorized in Aeti2l;

- any SIMCAB software package transcription in anfeotlanguage than that provided for in this Agreemsee

Appendix), any adaptation to use it in other equaptror with other basic software packages de bwsethose provided for
in this Agreement.

To ensure this property protection, the customelettakes especially to
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- maintain clearly visible any property and copitigspecifications that CAB INNOVATION would have xiid on
programs, supporting material and documentation ;
- assume with respect to his staff and any extgreaon any helpful information and prevention step

ARTICLE 6 : USING SOURCES

Any SIMCAB software package modification, transcioptiand, as a general rule, any operation requthiagise of sources
and their documentation are exclusively reservedCfB INNOVATION.

The customer holds the right to get the informatiequired for the software package interoperabilityr other softwares he
is using, under the conditions provided for in ithtellectual property code.

In each case, an amendment of these provisionsetithut the price, time limits and general terisesformance thereof.

ARTICLE 7 : LIABILITY

The customer is liable for :

- choosing SIMCAB software package, its adequacy higtrequirements, precautions to be assumed andugafiles to be
made for his operation, his staff qualification,resreceived from CAB INNOVATION recommendations anfibrmation
required upon its operating conditions and limité¢operformances set forth in user's manual;

- the use made for results he obtains.

CAB INNOVATION is liable for the software package ¢ormity with his documentation. The customer shmbve any
possible non-conformity.

CAB INNOVATION does not assume any whatsoever guagnivhether explicit or implicit, relating to thefsvare
package, manuals, attached documentation or aryosiimg item or material provided and, especiadlyy guarantee for
marketing of any products relating to software pagkor for using software package for a determirsex] any guarantee for
absence of forgery, etc...

Under no circumstances CAB INNOVATION could be hetponsible for any whatsoever damage, especially ilo
performance, data loss or any other financial lesulting from the use or impossibility to use tBBMCAB software
package, even if CAB INNOVATION was told about thesgibility of such damage.

In the event where CAB INNOVATION liability is retegd, it is expressly agreed upon that the total arnaf
compensation to be paid by CAB INNOVATION, all casaken together, could not in any way exceed thalmoyalty
price reduced by 25 % per period of twelve monthpsed as from the mailing delivery date.

ARTICLE 8 : DURATION

This Agreement is entered into for an undetermimexibd of time as of the date set forth in Arti8le

ARTICLE 9 : TERMINATION

Each party may terminate this Agreement, by registenail with acknowledgement of receipt forwardedhe other party,
for any breach by such party of its obligationsspgie a notice remaining unresponsive for 15 dawd, this occurring with
no prejudice to damages it could claim and providhed the last paragraph of Article 7 above, bemed.

At end of this Agreement or in case of terminatfon whatsoever reason, the customer will have éop stsing SIMCAB
software package, pay all sums remaining due om afaermination and return all elements compotfiregsoftware package
(computer programs, documentation, etc ... ) witlmoaintaining any copy of it.

ARTICLE 10 : ROYALTY

As a payment for the operating-right concessioa, diistomer pays CAB INNOVATION an initial royaltyettamount of
which is determined in specific conditions.

ARTICLE 11 : PROHIBITED TRANFER

The customer refrains from transferring the sofemaackage operating right granted personally to thyrthese provisions.
The customer also abstains from making documemtatial supporting material (CD ROM), even free of ghaavailable to
a person not expressly set forth in second parhgrgpirticle 2.

ARTICLE 12 : ADDITIONAL SERVICES

Any additional services will be subject to an ameedt of these provisions, possibly through an exgbaf letters, so as to
specify the contents, modalities of achievementtaedrice.

ARTICLE 13 : CORRECTIVE AND PREVENTIVE MAINTENANCE
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The corrective and preventive maintenance may bgst) upon customer's request, to a separate Agmeattached to
these provisions.

ARTICLE 14 : ENTIRETY OF THE AGREEMENT

The user's manual defining the SIMCAB software paelagtures is appended to these provisions.

The provisions of this Agreement and his Appendigress the entirety of the Agreement entered ietwéen the parties.
They are prevailing among any proposition, exchasfgetters preceding its signing up, together vétty other provision
stated in documents exchanged between the paniiesetating to the Agreement's subject matter.

If any whatsoever clause of this Agreement is aotl void with respect to a rule of Law or a Lawarce, it will considered
as not being written though not involving the Agrneat's nullity.

ARTICLE 15 : ADVERTISING

CAB INNOVATION could mention the customer in its busss references as a SIMCAB software package user.
ARTICLE 16 : CONFIDENTIALITY

Each party undertakes not to disclose any kindazuchents or information about the other party thatould have been
informed of on the Agreement's performance and dakies to have such obligation fulfilled by thegmers it is liable for

ARTICLE 17 : AGREEMENT'S LANGUAGE

This Agreement is entered into and drawn up irRtench language.

In the event where it is translated into one orerforeign languages, only the French text will eerded authentic in case
of any dispute between the parties.

ARTICLE 18 : APPLICABLE LAW - DISPUTES

The French Law governs this Agreement.

In the event of any disagreement over the inteaticet and performance of any whatsoever provisidhie Agreement, and

if parties fail to reach an agreement under antration procedure, only Toulouse’s Courts will bengetent to settle the
dispute, despite the plurality of defendants orappeal for guarantee.
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