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FOREWORD

The softwareCABPLAN BASIC version 4 includes some of tt@ABPLAN version 5
features. It is not the subject of a specific usanual.

The copyright law and international conventionst@co theCABPLAN software and its User’'s
Manual. Their reproduction or distribution, eitherholly or partly, through any means
whatsoever, is strictly prohibited. Any person wtloes not comply with such provisions is
committing an offence of forgery and is liable tmgecution and can be sentenced under the
provisions prescribed by the law.

The Programming Protection Agency (A.P.P.) refeesnCABPLAN at the [.D.D.N. (Inter
Deposit Digital Number) index, with the followingference:

IDDN.FR.001.070019.00.R.P.2000.000.20600
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1. CABPLAN Software

1.1 General Presentation

CABPLAN is a scheduling tool that optimises a graph okddsy various criteria such as
income maximisation (all profits and costs takimgpi account interest rates) under certain
constraints.

These constraints may include rules of precedefidagk can not begin after the completion
of the tasks B, C ...), shared resources (limitimg number of tasks carried out
simultaneously) or end dates of task (task A ulgemteds to be completed before the TA
date).

Scheduling can be simulated to assess the impacbrdfngencies affecting certain tasks,
particularly in order to assess whether certaiusgcmeasures in light of delays and extra
costs on scheduling.

By replacing the durations and costs of elementaisks with random variables, the
scheduling can be simulated (Monte-Carlo) to obthe dispersion of the overall results
(income and duration of the scheduling) from thmuinvariables.

Optimisation can be made from Monte Carlo simutatresults to obtain a more robust
planning for contingencies.

CABPLAN uses a relatively complex method of optimisation genetic algorithms and

simplex nonlinear. But it requires no special knedge of mathematics to be used. It comes
with a set of its algorithms can however be charigethe user.

1.2 Installing CABPLAN on Hard Disk

Please follow instructions of the CD Rom.

1.3 Staring CABPLAN

In EXCEL, open CABPLAN.XLA file.
Software's functionalities are then accessible guismenu "Simulation”, spreadsheet
functionalities remaining always available.
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2. Entering a scheduling

The command "New Sheet" provides a scheduling viedds with time units and cost can be
changed using the command "Units".

The following example is offered in the online helpccessible by the command "Help /
Teachware”.

i PERTDEMO_E. xIs E]@

) Completion at ! Start at t:te ‘:'E Costto | Cost | Total |Profitat| Total
Tasks Previous tasks Common resources Duration fixed = Start End start versus | cost at | the end |profit at
the latest earli | late .
date work time T0 of task T0
est | st

e | Hame MW Task +| C HeTask  + [Nbmax| C |Date(day)| C |(clay) margin [Date(day) Datelday) | Datelday) | Date(tiay) |( Euro) | (K Euro) | (K Euro) | (K Eura)
1] Task1 |10 T EEE R T EETH oui [Man| 25 180 10 11158268 i
2| Taskz |1]3 o =08 Mon | Mon | 19 75 20 2 l11a33s 0
3| Task3 0., = 200 |oml &0 Non | Mon 0 an 45 3 283,533 ]
4 | Taskd |38 o 125 | Oui | Mo | 526 853 12 4 506473 0
5. Tasks % o I B I o] s Maon | Ton 3 223 50 25 |s3408s a
B | Taskb |5 i L bl Az |1 Oui | hon | 223 525 4 32 |945548 0
7| Tasky 0 e b 250 | Mon | Mon | 350 708 s 2 892,43 0

8 | Taske |7 s 76 bon | hon [ 2 a7 78 3 |oo44sa| so0o |4azapa
9 | Tasks e e B 5o 318 [ MonfMon | 318 407 45 4 396,633 0
10| Task 10 hie o b 25 0 tlor | hion 0 25 13 2 |629084 0
11| Task 11 0. L _ 48 Mo | Mo |22 o] 2 7. |32z908 i
12| Task 12 o (3]s|a]a 2 [ o7 Mon | hon |47 95 g 3 238,65 0
13| Task 13| 8 % S5k B |1 Oui | Mon | 407 421 3 & 106718 a
14| Task 14 T | a8 hon | hion 3 35 7 9 la1a3%s 0

15| Task15 |13 1014 ol Ts Mo | Mo [ 16 9 a9 4 139amz]| 15000 |147eda
16| Task16 | 2| 5 e T han | hion A o] 2 3118333 0
17 | Task 17| 2 |1 e S 3 Han | Ton 11 ix] q 7 484,45 a
18| Task 18 |18 bl B bor | Mon [ 44 24 g 12 |149853 0
19| Task 19 |18]15 3 ol Ts maon | han 4 a2 78 1. 1155313 0
20| Task 20 e Rk tan | hion i 158 2 11150387 0
21| Task 21 |38 6 (79 [11 2. . T Oui | Mon | 526 258 3 3. |B9a732 i
22| Task 22 | 3 B3 |1 Mor | Mon | 16 5 s 8 |554181 0
23| Task 23 | 22|21 o 3 maon | han 3 43 7 9 |285208 0
24 | Task 24 |23 o R Mor | hon |24 74 g 50| 2447 01 0
25 | Task 25 [24 S0 s3 4 Mon | Mon 12 ] 45 7 414 371 0
26 | Task 26 |25 o [ 100 tan | hion 3 103 b 9 lata4iz 0

+ § ] [i 26 26 15000 | 149423
3235 237 0 End of the lasttask: 708 Cost 24820 Profit. 34668

Income st T0:

Interest rate: 5 50%

Each line of the sheet corresponds to an elemetdakythat is referenced by a number in the first
column. The action on the butt(*] on the last line adds a new task at the bottothe&heet.

The task name can be entered in the second colathpracedence constraints, shared resources,
and completion dates in the following columns. his texample, task 2 can begin only after the
full implementation of tasks 1 and 3 and can notdigcurrent with more than 2 tasks among tasks
1,5, 20, 12, 15 and 9 for which certain resournaterial or human are shared.

These resources need not be explained and eachicor@n be expressed only once (if the task i
can not take place during the task j, the taskn wat be completed while the task i). This

formulation allows defining the most constraintsuléing from the use of multiple resources to

one task (task 20 shares a resource with task haotther with task 5). When this is not possible,
for example if three resources are used by twostasldichotomy of tasks can always be done
according to the resources used. Task 3 must beleted imperatively at time t = 200 days after

TO, the beginning date of the first task of schiul

Two buttonsE at the top of the table allow adding, if necessadditional columns to express
precedence constraints and shared resources.



The values listed in three columns "C", expressiaigsfaction (null cell and green) or excess (not
null and red) constraints relating to each tasle Value of precedence and end date constraint is
the sum of any unauthorized excels[if-tj]). The value of resource constraint is them of not
authorised resource capacities. These constrainevare updated automatically when entering
tasks.

Possibly with margin, the duration of each tasé&ntered in both columns.

Three columns are used to set the start date fdr ®&sk. This can be chosen at earlier or later
(click of the mouse in the corresponding cell)efixdate (by entering a value in the corresponding
cell), or calculated by the tool as a parameteingpation.

Any circular references between tasks are repdstethe tool during the entering. A terminal
fictitious zero duration task ($) was added to tiide to avoid problems such circular references
(optimisation moving this task until the end of geheduling).

The number of task scheduling is not limited (26the example), but the number of tasks
computed by the tool (17 in the example) can noteiase indefinitely because of the limitations
of optimisation techniques used (significant loksficiency beyond 50 tasks).

Depending on the choices made, formulas correspgridithe dates of beginning and end of task
automatically inserted in the next two columns.

Besides the satisfaction of constraints, the ogttion can include the overall duration of the
scheduling or profit maximisation. Also can beihtited to each task in the columns following an
initial cost (cost to start work), a cost propantbto the period (cost versus time) and a prafit o
completion (such a profit can be attributed to tistonal task "$" if it is conditioned by the
completion of the total scheduling).

By applying an interest rate, formulas expresshwg profits and costs of each task (at TO)
automatically inserted in the corresponding columns



3. Processing

3.1. Optimisation

CABPLAN uses the same algorithms as optimisatiat @ENCAB. The user interface and
dialog boxes are identical.

The command "optimisation” involves displaying tf@lowing dialog box that allows

optimising the scheduling.

Searching

Taximurm

© Cell : $AE43Z
() Miririurm

Iteration Mumber : S0 O+

COther stopping criteria
Yalue reached :

Processing Duration : {hour)
[ 1riitialize the treatment again

Display successive resuls

[ Display final population

Algorithm

= OO@OO + exploration
= OO@OO + operation

Constraint (OO QOO Criterion
[ adjustment of origin

[ ] [ e ]

By default, the tool maximizes income, but the wser modify this criterion (minimizing the
overall duration of the scheduling for example) dgfecting the type of search to perform
(minimum or maximum) and changing the referencéhefcell in question (by clicking the
mouse).

The user defines a number of processing loopscageaion to stop the search.
It may also use two other criteria to stop:
. Reaching a better result than an a-priori defiedde,

. Outstripping a certain processing duration (inrsd.

The option"Display successive results’helpsdisplaying the best result obtained all over the
processing.

The option"Display final population” allows to display the features of population olbddin
at end of processing.

The tuning algorithm parameters can be performethbyuser using the butt(
(see corresponding chapter)



Processing is initiated by activation of the but#. The unsatisfied constraints of

the table disappear gradually and the schedulirrongéds according to the criterion chosen.
The tool shows in the status bar (bottom of theeesty the number of the current loop,
duration of a loop, the number of evaluations pented during each loop and the duration of
assessment. About 300 loops are required to prdcessxample below, offered by the online
help.

2 PERTDEMO_OPTI_E.xls Q@@

. Completion at . Start at t:te t:; Costto Cost Total | Profitat | Total
Tasks Previous tasks Common resources Duration fixed . Start End start versus | cost at | the end |profit at
the latest earli | late -
date work time T0 of task T
est | st
re | Marne N® Task +| C M° Task + [Mbmax| C |Date(dsy)| C |(cay) [margin (Dete(day) Date(day) [Datelday) | Date(day) | (K Eurad | (K Euro) | (K Euro) | (K Eurg)
1.l Task1 [10 N 2 [ = [20]12]18] 9 3 i o 150 s Qui | Mon 2 180 10 1 158,268 o
2 Task2 [1]3 -=“§v&‘" £ B a0 [:] Mon | Mon a7a 835 20 2 1711 a
3 [ Task 3 B i 200 |80 Mon | Mon 115 195 45 3 282 542 a
4 [ Taska [3 |8 e g o018 2 Qui | Mon 820 947 12 4 506,004 o
a2l Jasks Oolslaflzofe (24 2 o0 e Mo | Mon | 302 217 a0 25 |5338.74 0
6| TaskB | 5 -“;gcv?\ ‘\ -“: | 302 1 Cui | Mon 17 520 4 32 945531 a
7| Task7? o it 0l 459 250 Mon | Mon 250 709 s 2 89243 1]
8 [ Taskg |7 o e o[ 75 Mo | Mon 709 785 i) 3 297 027 5000 | 4456 07
9 [ Tazk 8 o Al ] 318 Mo | Mon 318 407 45 4 396 633 o
10| Task 10 = T.?\ ‘\ : 25 1] Mon | Mon o 25 13 2 62,9084 a
11| Task 11 = L2 18 L Mon | Mon 1087 1133 2 7 322621 o
12| Task12 AR 2 . o Mo | Mon | 1132 1210 5 3 237748 0
13| Task 13 | § 0 S T Oui [ Hon |07 421 3 8 |ioe718 i
14 | Task 14 Ee = £ 45 Mon | Mon 1137 1183 - 9 41853 a
15| Task 15 (13 j‘ 11110014 . 0| Mon | Mon 421 499 89 4 39389 15000 1139413
16| Task16 | 2 |5 ‘ﬁ(l N o o] 54 2 Mo | Mon 964 4020 2 3 163,072 a
17 | Task17 | 2 |1 o e e 6 3 Mon | Mon 1087 1158 4 7 483 566 o
15| Task 15 |16 w.i.‘\ “ 12 1 Mon | Mon 1108 1118 ] 12 145 964 1]
19| Task 19 [18]15 e al9 Il o I Mo | Mon | 1149 1227 P 1 143,48 0
20| Task 20 o el i KE Moy | Mon | 857 107 3 1 |4s0,087 i
21| Task21 | 3 |6 o= 6|79 2 i e > 3 Qui | Mon 820 852 3 3 59,456 o
22| Task 22 | 3 E%gaﬁ?\ ‘\ -‘\: | B9 1 Mon | Mon EEE 736 ) 8 553,708 o
23| Task 23 122 |1 Lo It a3 3 Mon | Mon 860 594 i 9 204 475 a
24 | Task 24 |23 01214 g 0 a9 1 Mon | Mon 00 950 ] 50 2446,29 a
25 | Task 25 |24 Lo S Lo | =3 4 Mon | Mon 1030 1087 45 7 405,142 o
26 | Task 26 (25 B i - 100 Mon | Mon | 1095 1195 25 9 914,714 0
+ 3 % 1300 4 a a 1227 1227 15000 | 125295
o o u] End ofthe lasttask: 1227 Cost. 24773 Profit: 30927
Income &t T0:
Interest rate:  5,50%

The optimum not necessarily achieved after prongsshe user can restart it while keeping
the best result so far.

Notes

Genetic algorithms can find the global optimum diuaction, without stopping at the first
local optimum found, but no guarantee of findingatually.

Finding the optimum is more effective with the piple of maximising income with that of
the overall scheduling duration. Indeed, each changstart date of task influence the final
result with the first criterion, which is not these with the second (limited to only task
temporarily placed on the critical path).



3.2. Drawing

The command "Draw" allows generating the PERT diagcorresponding to the table for easy
reading of results:

5 PERTDEMO_OPTI_E.xIs
o 200 400 GO0 &00 1000 1200

| = Tazk 2

Tazk 4

Tazk 5

Tazk &

Tazk 7

——Tazk 8
= Tazk 10
= Tazk 11

—tTazk 12
=Tazk13
—Tazk 14

— Taczk 15

Tazk 16
— T ok T
=Tazk 18

Task 19
——Taszk 20

= Tazk 21
s Tazk 22
= Task23
— Task 24

= Tazk 25

— ITaSk 26

3.3. Output

The "Output" command creates a table similar tofitisé in which formulas freeze start date
of task or modify it, if necessary, to satisfy tanstraints of precedence between tasks.

Thus, changing the duration or cost of a task teraatically translated by a modification of
scheduling and associated costs, noting any camstraot met.

Thus, we may at any time assess the impact of arth&z terms of cost and delay on all of the
scheduling order to assess the appropriatenesoroé gelief actions (appealing to the
elementary level, they can be globally unprodugtive

As an illustration, the following table shows tHéeets generated in the previous example by
increasing the duration of the task 18 from 12 %0 Hays. The expected income and the
overall duration of the scheduling are then aff@ctelowever, the constraints of shared
resources are always met.

10



Zl PERTDEMO_OPTI_E.xls

. Completion at ) Startat | Au | Au Costto | Cost | Total |Profitat| Total

Tasks Previous tasks Common resources the latest Duration fixed |plus|plus| Start End start versus | costat | the end [profit at
date tot |tard work time T of task T0

M| Mame M Task +| C W Task + |Mbmax Date(day) (day) |margin |Date(day) Date(day) |Date(day) | Date(day) | (K Euro) | (K Euro) [ (K Euro) | (K Euro)
1 | Task1 [10 0o 12[15] 2 3 E E s 25 180 10 1 158,265 i]
2 . Task2 113 e =] 74 935 20 2 17N o
3| Tesk3 A 200 115 195 45 3 282842 0
4 | Task4 |3 |6 e 2 G20 947 12 4 506 004 a
S [ Tasks 20| 6 |24 2 i 302 17 50 25 5338,74 a
E [ TaskB | & 1 17 g20 4 32 9455,31 o
7| Task? 250 09 ] 2 89243 0

G [ Tasksg | 7 o 7os 785 78 3 297 027 000 | 4456,07
9 [ Task® 5 38 407 45 4 396 633 a
10| Task 10 e o 25 13 2 62,9054 1]
11 Task 11 p ' 1087 1133 2 I 3226821 o
12| Task 12 4 2 i 1132 1210 G 3 237 748 a
(13| Task13 | 9 : i 407 4z 3 I AL i
14 | Task 14 1137 1183 7 8 41853 o

18| Task 15 |13 421 499 89 4 393,89 18000 [139413
16| Task16 |2 |5 2 a64 1020 2 3 163,072 a
17| Taski7 |2 |4 3 1087 1159 4 7 |483868 i
18| Task 18 |16 1 1106 1257 =] 12 1785,28 o
19| Task 19 |18]15 1257 1338 78 1 142422 o
20| Task 20 997 1107 2 1 150,097 0
21 | Task 21 | 3 [ & a7 3 3 20 852 3 3. |'Ba 458 i
22| Task22 | 3 1 B6E 736 S 8 553,708 1]
23| Task 23 |22 |21 3 860 594 I g 284475 o
24| Task 24 123 1 a00 950 g 50| 244629 0
25 | Task 25 |24 4 1030 087 45 7 |40a142 i
26 | Task 26 |25 1095 1185 25 =] 914714 o

+ k3 1300 a 1227 1227 14301 76 [ 119466

End of the last task: 1335 Cost: 26408 Proft. 30344
Income =t TO
Interest rate: 5,50%

Effects caused by the increase in task duration

This new table can also be simulation Monte Cadoobtain the results in the form of
statistical distributions (see following paragraphs

3.4. Random variable

To achieve results in the form of statistical dittions, the tool can replace the duration and
cost of elementary tasks with random variablesattarized by different probability laws.

CABPLAN uses the same algorithms as the simulatoh SIMCAB. The user interface and
dialog boxes are identical.

If the selected cell corresponds to the duratiorast (to start work or versus time) of an
elementary task, the “variable” command allowsigplady the following dialog box, in which
the name of the variable in question appears:

11



DEFINE A VARIABLE EI

Ised variables

Mame ! | Duration_18

Twpe of law ¢ |NORMAL

BNOMIAL _

ERLAMG
Set ExPOMEMTIAL
GAMMA b
Average ! a5 5, deviation 15
Uik hr
Minirnuri =0 Maxirnur 150

Lo ) Lo ]

Delete

The user can then choose a statistical distributican scrolling list (Normal), enter the value
of the parameters of the law (average 95, standavehtion: 15) and may specify the unit
(hr), the minimum limits (50) and maximum (150) wa$ can be taken by the variable.

I
After action on the butto or [__Add ] a value is allotted to the variable name

as soon as the latter is defined, and its namedsdaup to the scrolling list of variables being
used. Activating the latter helps display the feadlof preliminarily-defined variables.

Buttonﬂl allows deleting a preliminarily-defined variabsglected in scrolling list.
Buttonwil allows to perform a simulation of selected lavertho display the results.

Button allows generating a document containing all chtarastics of the variables
and results previously entered.

Button Ll allows initiating an online hotline specifying tlwerating conditions of selected
law.

Button il allows setting the law selected from experimedtth. When activated, it
initiates the display of the following dialog boxhigh helps user inform the chronological-
series address through a selection by using thesendsuch series should be preliminarily
entered in line or column on a calculation sheet (ot necessarily the one being selected).

12



@.Classemﬂ [= ’ﬁ@
[ A [ B [ ¢ [ e ] E | Bl G | H I
1
2 =
. Experimental Censored
3 SETTING TO A STATISTICAL LAW -2 data data
4
5 3443550423 1326,03143
= This functionality helps you determine the parameters of
6 statistical law selected so that it represents at best 571,3762946 84,3431204
| experimental data you have. 210.86874544 1176.89925
8 469,9276715 574.960181
9 879,9572749 550,060086
1[]: Spedify address of experimental data in the folowing box: 233 5919596 173.143081
bz [ g 205 3211566 944,564101
12 psesy A 489174775 115,157476
13 Spedfy address of censored data in the following box: 195507559 131006107
14 3212724427 366,935029
a5 §185:8(516 =‘;1 466.020545 132677938
16 ; 4890003397 452392069
17 ‘fou may to do so directly select relevant cells, 247 0499503
18 283,8035958
19 oK Cancel 435,9633378
20 297 6379249
2 I 5572609432
22 5859276246
23 385,1686033
24 947 9866724
25 6328132873
26 186,7347353
B 619,2762701
7R

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

Feuil3 (===

-

SET —
beta : 0.8691
Sigma : 553.5379
Gamma : 186.7347

Khi-2 : 0.839
Kolmogorov-Smirnov : 0.62 (D5% = 1.35) ] SETTING [N

1
0.8 + - OK ‘ Cancel |
06+ —— Experimental dat
04+ —— WEIBULL & D ni
02+ " Quantie-quantile diagram

0 " Adequacy graph

P PP oo R PP S $ P

AN O R NN = [~ Preserve the graph
M 4 » ]y Feuill / [<] | vl [

If setting is accepted by user, dialog box « Defmevariable » is newly displayed with
optimal parameters of the informed law.
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3.5. Monte-Carlo simulation

CABPLAN uses the same algorithms as the simulatoh SIMCAB. The user interface and
dialog boxes are identical.

The command "simulation" can display the followaliglog box:

EXECUTE X]

Mumnber of simulations : 100

Selecting parameters

Duration_13
End of the last task = End_of_the_last_task
Income

Graph
() Frequency graph
(2} Probability graph
() Diskribution Function
() Diskribution Function - 1

|:| Group up parameters on a similar graph

[] Confidence intetval

&0

Input or result variables to be subject to a sitnateare to be selected in left list including all
preliminarily-defined variable and result namesnAuse 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.

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

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

Variables may be grouped up on a same graph antjjecs to separated graphs.

A confidence interval around the average valueacheesult can be evaluated according to a
certain rate of confidence.

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

14



g Graph 2

Probability graph

Probability graph

Average : 5.16E+03 - Standard deviation : 1.97E+02 Average : 1.28E+03 - Standard deviation : 1.47E+01
008 0,07
007 0,08
006 005
005 004 4
nod D‘DE i _D End of the last task
o HH | R I
o | g 0 e I-Aa LALLM LA LALALALL "

i
SEICEEECEEZRERERE R Ot
& Grap BEH
Probability graph
1
08+
0B T O End of the last task
04+ B Duration 18
02+ |
0 -+ttt ot .".

These different charts are accompanied by followdigjog box which allows to carry on
simulation (doubling of number of achieved simwast is proposed by default), to modify
results overview, or to perform on results varietagistical processing.

SIMCAB

Are vou willing 7 f

I

Cortinue simulation | |EDDD |

[ Cancel Modify results display H Statistics ]

Pressing buttor Modify results display | initiates the display of following dialog

box allowing modifying the type of graph selectedpdifying minimum and maximum
limiters as well as the viewing step, and possibtyuesting the confidence-interval display...

Scale
H Step :
() Distribution Function o .
() Distribution Funckion - 1 Yo |50 | W B |135D |
[ (o4 ] [ Delete ] [ Cancel ]

Modifying one of limiters initiates the display gnaph of probability that variable be beyond
that limiter.

The button on the previous dialog box allows getting variatatistical results
from the simulation results. A dialog box offerge tarious options presented below.

15



STATISTICS
fverage
Standard Dev  (3) Sample () Population
‘ariance ) Sample (%) Population
Median
Kurtosis
asymmetry Coefficient
Confidence inkerval 100 %

Covariance makrix
Matriz of linear-correlation coefficients
Diagram of correlation between variables

End of the last task Duration 18

End of the last task
Duration 15

End of the lask bask
Duration 15

Cancel

X

Diagram of Correlation
1340
X
8 1320 | ©
3 1300 +
© 1280 +
S 1260 +
o
< 1240 + o
& 1220 : ‘
0 50 100 150
Duration 18
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 « Stan@viation_Result », which correspond
to the average value and standard deviation o&lbriwith name « Result », respectively. In
the same way the names "CMax_Result", "CMin_Rest@bnfidence_rate" and "Nb_simu"

are also created if the calculation of the confagenmnterval is required. These names
correspond respectively at the lower and highembaties of the confidence interval, the

End of the .
last task Duration 18
Average 1279,46028 | 94,5481358
Standard 15,2011148 | 15,2011148
deviation (S)
Variance (P) 230,842817 | 230,842817
Median 1279,49845 | 94,5863022
Kurtosis -0,17207752| -0,17207752
Asymmetry -0,10259762 | -0,10259762
Confidence interval in 99 %
End of the Duration 18
last task
Borne min. 1278,22208 | 93,3099284
Borne max. 1280,69849 | 95,7863432
Covariance Matrix
End of the Duration 18
last task
End of the last | 3, 840817 | 230,842817
task
Duration 18 230,842817 | 230,842817
Matrix of Linear-Correlation Coefficients
End of the Duration 18
last task
End of the last 1 1
task
Duration 18 1 1

corresponding rate and the number of simulationsechout.
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3.6. Optimisation from simulation results

Optimisation can be achieved from Monte Carlo satiah results to obtain a more robust
planning for hazards identified in risk analysis tbé project, each being characterized by a
random variable.

However, the processing duration is so much loageris a first approximation, multiplied by the
number of simulations for each assessment.

Therefore CABPLAN implements an original technigafecoupling optimization and simulation
can significantly reduce the duration. This is taryw the number of simulations of each
assessment, using the mean and variance of thiésrebtained during a first rough evaluation.

The user can set the number of simulations dutiegrough estimate (NO) and the necessary
precision required (N) by adjusting algorithms (Seetion 4.6).

4. Algorithms' Selection and Setting

This chapter is intended for advanced users wheadyr have extensive knowledge in the
field of optimization (genetic algorithms and simplnonlinear).

The activation of the butto on the dialog box "optimisation" involves displagi
the following dialog box that allows adjusting thygtimization settings.

ALGORITHM )X
Papulation size : 50

Mutation :
" Type 1 {gene by gene)
" Type 2 (differential evalution)
* Type 3 (mixed)

Crossbreeding !
" Mone
(% Crossover
(™ Barvcentric

Selection
(* Sampling of remaining part without replacerment
(" Samnpling of remaining part with replacement
" Deterministic sampling
™ Lotkery wheel

¥ Setting tooscale == © Troncation {+ Exponential
I Elitism == Mumber of individuals : ,1—
W Simplex == Mumber of chromosomes ; ’1_
For ,? % of iterations Mumber of steps ; ,50—
After ,? % of iterations [ Without replacement

ol 4 Cancel
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The user may define the population size and chaoseng different mutation, crossbreeding
and selection operators.

He may also select a setting to scale, by choosietyveen two different techniques
(Truncation or Exponential), an elitism operatoy,dpecifying the number of individuals to
be maintained for each generation, and a link \Bitmplex algorithm, possibly limited to
certain loops of calculation (in proportion andrstey from a certain row)..

If Simplex is selected, the user should define mlmer of chromosomes, among the best of
the population, from which a local optimum will lsearched. He should also indicate a
number of processing steps to be carried out figrritsearch and possibly select the option
"Without Replacement”.

When such option is requested, the chromosome lenger replaced by the local optimum

being found by simplex but its fithess assumesvtiige of that of the optimum, which may
increase chances to find out new optima on subse¢quetations.

9

Simplex with replacement

Depending on options selected, validation genetaeeslisplay of different additional dialog
boxes.

4.1 Mutation

Three operators of change are proposed to the Aiseording to the type of operator chosen,
the following dialog boxes allow to define the ntida probability of each chromosome, the
decrease in mutation amplitude of a real or integg@re and the mutation probability of a
binary gene.

18



Prabability of chromosome mutation: 0.3 Probability of chromosame mukation: 0.3
IMutation probability of a gene :
o.3 [V Decrease of the amplitude (real or integer gene)
[v Decrease of the amplitude (real or integer gene) Factor of decrease (b=0): 3
Factor of decrease (b>0): ,3— Murnber of generations affected (T:=0) : 20
Murnber of generations affected (T:=00 20 ¥ Al {T = Number of iterations)

I¥ &l (T = Number of iterations) ¥ Self-sdapting decrease

I¥ Self-adapting decrease Mutation probability of a binary gene 0.3
o4 Return bo menu Cancel QK Return bo menu Cancel

The mutation amplitude of a real or integer gene lsa governed by an adaptive control or
the following expression:

where r is a random number comprised between Olaavtd t the number of the processing

loop.
1 1
O<bx<l1 b>1
0 T lo T

4.2 Crossbreeding

One of the two crossbreeding operators describdéigare 4.4 (Crossover or barycentric)
may be selected by the user. The above descrilaagdoox helps define the crossbreeding
probability of each population chromosome with &eotone randomly chosen in such

population.

CROSSBREEDING
Crossbreeding probability of a chromosome IU,3
QK Return to menu
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4.3 Selection

In addition to the selection with lottery wheel shmoin Figure 4.5, the software proposes
three other selection operators:

. Sampling of remaining part without replacement
. Sampling of remaining part with replacement
. Deterministic sampling

Such operators, which cannot be parameterizedypeithe selection as follows:

Sampling of remaining part without replacement

Assuming a population of n individuals, the expdcteimber nof descendants for each
individual i is computed by the following formula:

f (i)

Zf(i)

i=1

n, =n*

where f designates the adaptation function.

Each individual i is reproduced, in new populatiamumber of times equal to the whole part
of number n

In order to complete the population and bring itkb#o its initial size n, individuals are
successively subject to a random draw by consigetite decimal part of number as
probability of success.

The two other selection operators differ from thevpus one only by the processing
operated on decimal parts of numbers n

Sampling of remaining part with replacement

To complete the population, decimal parts of nuralpesire used to form a lottery wheel.

Deterministic sampling

Decimal parts of inare arranged in decreasing order, and chromosoanessponding to first
elements of list complete population.

The method of selection with lottery wheel offergy@at variance and often conducts to
results far from those expected (especially disappee of best elements).

But no one could really demonstrate to date thessogty of one of the other selection
methods being proposed.
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4.4 Setting to Scale

Two different techniques of setting to scale afere to user.

Setting to scale by truncation in sigma

The preliminary transformation of fitness of eatinomnosome is performed as follows:
f' =f-(f -co)

with f the average of fitness for all chromosomes attide typical deviation.

Transformation may be represented as follows :

if o > % Fitness tightening in relative value

% Unchanged

if o < % Fitness deviation in relative value
(fitness cancelled for the weakest or

Q
I

User using dialog box below defines scale factox. «c

SETTING TO SCALE BY TRUNCATION IN SIGMA EHE

Scale Factor : |2

QK Return to menu
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Setting to exponential scale

Preliminary fitness transformation of each chronmsas carried out as follows:

End
*\ Py S
= £10] with I(k)=(sgj tanpz(s‘)(” k ]

f 1

Beginning
f

where: k is the current generation
N the number of generations being wished (iteratiumber)
And parameters S*, SO, P1, P2 andre defined by the following dialog box:

SETTING TO EXPONENTIAL SCALE EHE
Sig ID'l
S0 ID.l
F1: Ig,gs
Pz ID.l
Alpha ID.l
QK | Return ko menu

4.5 Taking into account of the constraints
The taking into account of the constraints is earout by the addition of a term of penalty to
the result of the function to optimize. This onghwthe following form in which fp can be
adjusted by the user:
Tp = fp* X (dci)?
with dci = Max(0, B-A) if A >= B, = B-A if A = Bor = A-INT(A) if A Integer

TAKING INTO ACCOUNT OF THE CONSTRAINTS 2] %]

Factor of penalty: |1E+50

QK Return o menu
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This adjustment is in particular necessary in thsecof constraints of the equality type or
Integer value not to block the algorithm in itseach by a too strong penalty (to increase the
penalty gradually).

4.6 Optimization starting from results of simulatio n

The following dialog box makes it possible to theeuto activate the optimized strategy of
coupling between optimization and Monte-Carlo siioh (described in paragraph 4.1.4)
and to define the minimum numbep Bf simulations carried out for the coarse evabratis
well as maximum number N necessary to the necegsacysion.

OPTIMIZATION FROM RESULTS OF SIMULATION ?x

¥ Optimized coupling

Max nurmber of simulations by evaluation: 5000
Min nurmber af sinulations by evaluation: 100
Ewalution Factar of the number of simulations : 1

(0: Nmax ; <1: Fast ; 1: linear ; =1: slow)

[8]4 Return to menu

According to the entered value of a coefficienttKis required precision can be fixed or
progress during the treatment according to thefahg formula, parallel to the progressive
improvement of the population of solutions.

1000
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 A

N = MIN(Nmin+INT((Nmax-Nmin)*(N° of iteration / Nurher of iterations)”k) ; Nmax)
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OPERATING LICENCE AGREEMENT

OF CABPLAN SOFTWARE PACKAGE

ARTICLE 1 : SUBJECT

The purpose of this Agreement is to define the @@ in which the CAB INNOVATION Company grants thestomer
with a non-transferable, non-exclusive and persaght to use the software package referred taCa&8BPLAN" 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 thatebend 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 sike customer may install the package software cseraer, while
scrupulously complying with purchase conditiongesteon specific conditions especially defining thaximum number of
users authorized to use the software package fhain terminal and the maximum number of users aigbd 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 tynpurposefully
authorized by CAB INNOVATION, at customer premiseserify if customer has met its requirements : hanof software
package copies used, location of such copies, arties will agree as regards the practical niteslof performance of
such inspections so as to disturb minimally custsastivity.

ARTICLE 3 : DELIVERY, INSTALLATION AND RECEPTION

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

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

ARTICLE 4 : TESTING AND GUARANTEE

Guarantee is effective as from the mail deliveriedzet forth in Article 3 and has a three-montiditgl

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. R@GVCAB INNOVATION, at CAB INNOVATION's Head Office, atis
own expense and with registered mail with acknogaedent of receipt, by specifying exactly the tresbéncountered.

Within the three months of reception of consignmemitforth in preceding paragraph, CAB INNOVATION Ivdkliver, at
its own expense, a new product version to the custoThis 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 manuebmemendations, if he
performs modifications of configuration set forth Article 2 above without obtaining a prior writt@onsent from CAB
INNOVATION, or if he performs modifications, additis, corrections, etc... on software package, svignthe support
from a specialized service company, without obtejra prior written consent from CAB INNOVATION.

ARTICLE 5 : PROPERTY RIGHT

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

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

- any CABPLAN software package reproduction, whetihés wholly or partly carried out, whatever therh assumed,
excepting the number of copies authorized in AstRl;

- any CABPLAN software package transcription in asther language than that provided for in this Agreet (see
Appendix), any adaptation to use it in other equptror with other basic software packages de besethose provided for
in this Agreement.

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

ARTICLE 6 : USING SOURCES

Any CABPLAN software package modification, transtiop and, as a general rule, any operation reqyitire use of
sources and their documentation are exclusivelrvesl for CAB 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 terifngesformance thereof.

ARTICLE 7 : LIABILITY

The customer is liable for :

- choosing CABPLAN software package, its adequach Wis requirements, precautions to be assumed acidup files to
be made for his operation, his staff qualificatiaas he received from CAB INNOVATION recommendatioasd
information required upon its operating conditiamsl limits of its performances set forth in useranual;

- the use made for results he obtains.

CAB INNOVATION is liable for the software package dormity with his documentation. The customer stbve any
possible non-conformity.

CAB INNOVATION does not assume any whatsoever guasnwhether explicit or implicit, relating to theftvare
package, manuals, attached documentation or amyosing item or material provided and, especiadlgy guarantee for
marketing of any products relating to software agkor for using software package for a determirssx] any guarantee for
absence of forgery, etc...

Under no circumstances CAB INNOVATION could be heédponsible for any whatsoever damage, especiadly in
performance, data loss or any other financial lessilting from the use or impossibility to use thABPLAN software
package, even if CAB INNOVATION was told about thespibility of such damage.

In the event where CAB INNOVATION liability is retaed, it is expressly agreed upon that the total uarhaf
compensation to be paid by CAB INNOVATION, all casaken together, could not in any way exceed tite@airoyalty
price reduced by 25 % per period of twelve montapsed 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 Artigle

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 obligationsspie a notice remaining unresponsive for 15 dawd, this occurring with
no prejudice to damages it could claim and provitthed the last paragraph of Article 7 above, bemed.

At end of this Agreement or in case of terminatfionwhatsoever reason, the customer will have ¢p sising CABPLAN
software package, pay all sums remaining due omafatrmination and return all elements compodiregsoftware package
(computer programs, documentation, etc ... ) witmoaintaining any copy of it.

ARTICLE 10 : ROYALTY

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

ARTICLE 11 : PROHIBITED TRANFER

The customer refrains from transferring the sofenpackage operating right granted personally to thynthese provisions.
The customer also abstains from making documemtatial supporting material (CD ROM), even free ofrghaavailable to
a person not expressly set forth in second paragvéprticle 2.

ARTICLE 12 : ADDITIONAL SERVICES

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

ARTICLE 13 : CORRECTIVE AND PREVENTIVE MAINTENANCE

The corrective and preventive maintenance may bgesty upon customer's request, to a separate Agneeattached to
these provisions.
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ARTICLE 14 : ENTIRETY OF THE AGREEMENT

The user's manual defining the CABPLAN software jpgekfeatures 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, exchaofgetters preceding its signing up, together vétty other provision
stated in documents exchanged between the pantiesekating to the Agreement's subject matter.

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

ARTICLE 15 : ADVERTISING
CAB INNOVATION could mention the customer in its busss references as a CABPLAN software package user.
ARTICLE 16 : CONFIDENTIALITY

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

ARTICLE 17 : AGREEMENT'S LANGUAGE

This Agreement is entered into and drawn up irRtesch language.

In the event where it is translated into one oremforeign 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 inteagiret and performance of any whatsoever provisicthie Agreement, and

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