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Abstract
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1. Presentation

1.1. Introduction
CeciliazWorkshop tool allows to perform several safety studies using two different approaches:

« MBSA approach (Model Based Safety Analysis) ;
e FTA approach (Fault Tree Analysis).

The software includes the following functions:

* Modeling of functional and dysfunctional behavior of systems by means of reusable components libraries;

¢ Construction and interactive graphical simulation of system architectures;

« Automatic control of the consistency of system behavior;

« Automatic generation of fault trees concerning targeted unexpected events;,

« Create fault tree in order to analyze the conditions and factors causing an undesired event. The fault tree is a graphical
representation of these causes using Boolean (AND, OR, etc...) expression between events;

» Several laws are implemented in the software to describe a different items behavior;

¢ CeciliazWorkshop permits to import of Boolean formulae with several calculations (like minimal cut sets, compute after
first failure, ...).

This user's manual describes the working environment of Cecilia-Workshop tool.

1.2. Hardware architecture
The Cecilia-Workshop tool is available in the following work environments: Any PC platform with, at least:

¢ RAM: 4 Go Minimum (8 Go recommended);
* Window 7 and 10 (64 bits).

1.3. Installation
Theinstallation of software Cecilia-Workshop requires an access to a database.
Cecilia-Workshop manages in the current version:

* gither anative access to Oracle database;

« either anative access to MySQL database;
* gither anative access to H2 database;

« either anative access to Postgres database.

After version 6.0, only H2 and Postgres database will be available.

cf. Installation Guide for more information.
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2. First step with Cecilia-Workshop

2.1. Cecilia-Workshop launch

To start the application, go to Start menu and choose the shortcut folder created for the application.

, Cecilia
J Cecilia 5011
J Cecilia51.3
. Cecilia 514

m

Cecilia ADMIN
. Cecilia Manuals

Cecilia -

Précedent

les programmes et fichiers o |

To launch CeciliaaWorkshop, you can also double click on Cecilia.bat located in the Cecilial

Ceci li a- 6. x. y directory.

Cecilia-Workshop launcher enables to select database for software.

When you launch the application for the first time, the database is not chosen. Before doing anything, you must specify the
database that will be used. To do that, the window Change database appears.

2.1.1. Database selection

The window of database change is the following:

@ Change database ==

Input the name for database 2018_Manual
Select a type of database  [HJ.

Connection parameters

Thiswindow allows selecting the database type between:

* H2: Inthis case, you have to specify the H2 file (*.h2.db)

You can aso create anew H2 file specific for Cecilia-Workshop with the button Create new database.

Input the name for database 2018_Manual

Select a type of database  HI_

Connection parameters

Hz2 database (file =.h2.db)
J\CECILTA\Ceclia-6.0.0-AlphaH2-2018_Manual.h2.db B

Create new database

- N
@ Change database [

J

User's Manual - Version 6.1 - 2022
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¢ Oracle:

@& Change database &J
Input the name for database 2018_Manual
Selecta type of database  Orade v
Connection parameters
~) input database url
@) input data of connection
Host dumbodcec
Port 1521
Name |cedlia
User v51
Password | essssssssessl |
Validate Cancel E

The connection parameters are:

Host: Server supporting the database (including the DNS tree structure).
Port: Connection port to the database.

Base: Name of the database instance.

L ogin: Connection login to the database.

Password: Login password to the database.

For experienced users, it is also possible to directly enter the database connection URL instead of the parameters fields.
The syntax of an URL isthe following one: Host:Port@Base.

* MySQL: The connection parameters are identical to the connection parameters for an Oracle database.

« Postgres: The connection parameters are identical to the connection parameters for an Oracle database.

@ Change database [

Input the name for database

Select a type of database P

Connection parameters

(©) input database url

@) input data of connection
Host  |dumbo4cec
Port 1521

Name |cedlia

User vl

Password | esssssssssss

Validate Cancel EJ

The Oracle, MySQL and Postgres databases are accessible only if these driversare available, so the specified IDBC
driver packages have to be selected during the installation.

After version 6.0, only H2 and Postgres database will be available.

In the validation window (when users click on Validate button), connection with database is tested. In this case, error
message can appear:

« |If parametersin the database are not correct (Inaccessible server, unknown user ...): in this case, check the input and call
the informatics support if needed.

« If the database schemais not compatible: it results generally from a database which was not updated.

User’s Marfiel 3608 1159 1S not Updated. 8/265
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2.1.2. Licenses Management

Cecilia-Workshop is protected with licenses. In this case, in order to manage licenses, a button is available at the bottom
right in Change database window.

The button allows displaying the following menu:

Input the name for database 2018_Manual E

Select a type of database :HZ -

Connection parameters

H2 database (file *.h2.db)
:\2018\Base_Manuel\H2-2018_Manual.h2.db D

[ Create new database

Test the current license
Ask a license ...

Install a license ...

e

The command Test the current license alows verifying that the current license is available

In this case, the following message is displayed:

Change database @

' The license of the current database is valid.

Otherwise, thereis no license for this module

Change database @

License error:

Mo license found.

Thereis an error with the license

Change database @

The possible errors are:

* Nolicensefound.

* Invalid license.

* Expired license

* Invalid software version

« Invalid license: Format not recognized.

» Host machine does not match host registered in license
« Invalid license: User or society not found.

User's Manual - Version 6.1 - 2022 9/ 265
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The command Ask a license alows generating the Key. t xt file for the current module and the selected database. Y ou
have to send thisfile to sales contact to ask or update your license.

A window appears allowing filling your organization name (company, university ...).

Change database @

'O' Company name is required to get license:
" |Dassault Aviation

[ ok || Annuer |

The command Install a license allows saving alicensefromal i cense. t xt file. You received thisfile from your sales
contact in return of your license demand.

If aproblem appears, refer to the previous errorslist (errors during the command "Test the current license™).

2.1.3. Cecilia-Workshop Launching

Once database connection is defined, launching window appears.

CECILIA WORKSHOP

Select database: | Hzon =
E oece
o
DASSAULT _
# AVIAT’ON Version 6.0.6

This window permits to selection using a drop-down list which database will be used for Cecilia-Workshop launching.

It is possible to add a new database or to modify the selected database parameters with aright click in the drop-down list.

Select database: | 2018 Mapusa =

Add database

Delete database

Edit database
4

If there is a license or a connection problem, an error message is displayed is red. In this case license problem must be
resolved (cf. Section 2.1.2, “Licenses Management”)

After selected the database to consider, the following window is displayed in order to identify user in application.

F |
Identification L&J
Login

ﬁ admin -
Password

When you create a new database, there is only one user, the administrator (login admin, password admin).

User's Manual - Version 6.1 - 2022 10/ 265
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2.2. Work environment

2.2.1. Cecilia-Workshop principle

Cecilia-Workshop allows to edit connected technical objects. A Technical objet is an item which can be saved/modified/
used in the application. It isfor example afault tree, a sub-tree, a named parameter, an event model, a MBSA component,
an AMDEGC, ...

Technical object can be versionning it meansit is possible to create several versions of a same technical object.

Technical objects are aranged in the tree structure in Folders. A fault tree can be saved in a system folder; and this system
folder is arranged in a project folder.

Each Cecilia-Workshop Tree allows to create / to edit / to modify a limited number of technical object. For example,
Componentstree alows only the management of aMBSA component whereas the Pr oj ect tree gathersfault treean MBSA
models (and also FMEA, DSF and boolean formul ag).

Cecilia-Workshop is a multi-user software so several concepts exist: user, group of users and accessright.

A given user belongsto at least one user group. It is possible to define the folder access right (read only, read and write or
no access) for each user group. This allows to manage the confidentiality of data, but also the responsibility of each user.
When a user edits a technical object (usually to modify it), the element is temporarily locked. Then, another user can only
open the technical object in read only. The object is unlocked when the edition (with or without saving) ends.

Each technical object may need, and so depends on other technical objects. For example: afault tree may have one or more
events defined through event models.

A link to atechnical object can berepresented by a Path which correspondsto asuccession of files, the name of the technical
object and its version.

It isthen possible to know all the technical objects that depend (directly or indirectly) on a given object.

If this object cannot be never modifiable again (because it correspondsto adeliverable for example), it is possible to freeze
it. Thisaction will aso freeze all the technical objects necessary for its definition.

2.2.2. Presentation
The Cecilia-Workshop tool work environment is divided into eight parts:

« Atitlebar (2);

* A menu bar (2) giving access to the tool functions;

A main tool bar (3) enabling activation of some tool functions;

« A work area (4) in which are displayed the views and windows associated with the opened technical objects;

» Thelower bar (5) indicates the objects opened in the work area. When the mouse cursor is positioned on an object in this
bar, an information bubble indicates the project or model name;

* Aninformation bar (6) indicating the time and date;

e Anarea(7) indicating the list of opened technical objects as well as their breakdown; the dimensions of this area can be
adjusted by means of the arrows located on the top right part;

» Tree structure to access to each type of technical objects (Project, Equipment, Components, Types, Operators,...) (8); the
dimensions of this area can be adjusted by means of the arrows located on the top right part.

User's Manual - Version 6.1 - 2022 11/ 265
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2.2.3. Menu bar

The menu bar is located at the top of the main window. It gives access to the various Cecilia-Workshop tool functions. It

consists of several menus:

» Filemenu: it contains all commands about projects or systems (Create, Open, Save, Close, Freeze, Print and Quit).
e Library menu: it contains all commands about tree structue (Add, Remove, Edition,Copy, Cut, Paste and the image

manager).

« Edition menu: it contains all commands about object edition (Undo, Redo, Remove, Cut, Copy and Paste).
« MBSA menu: it contains all commands about the exploitation of the system model in the course of edition (consistency

check, simulation, dataflow generation, Java conversion).
* FaultTree menu: it contains all functions about the fault tree tools.

» Toolsmenu: it contains all the configuration functions about the Cecilia-Workshop tool (Preferences, pluggins, ...).

* Helps menu: it accessesto "About".

2.2.4. Main tool bar

The main tool bar islocated underneath the menu bar. It can be customized and can be composed of seven tool bars each

of which enable a quick activation of the CeciliazWorkshop tool functions.

Thistool bar can be customized inthefollowing way: Usethe Tools - Preference.... The Preferenceswindow isdisplayed.
Select the Tools bars tab and tick the tool bars which will be displayed on the main tool bar on top of the screen.

 Standard tool bar: it gives access to the following functions:
— Open system;
— Close system;
— Save system;
— Print architecture (this command is not specific to an architecture).

=akdS

« Edition tool bar: it gives access to the following functions:

User's Manual - Version 6.1 - 2022
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— Cut;

— Copy;

— Paste;

— Search model or component;
— Undo last command,;

— Redo last command.

¥ e M v o

» Design tool bar: it gives access to the following functions:
— Vertical mirror: reverses the selected object vertically, that is, from top to bottom;
— Horizontal mirror: reverses the selected object horizontally, that is, from left to right;
— Rotate 90: rotates the selected object by 90 around the center of the object.

* Linkstool bar:
— Inthefirst part describes the different ways to break the links ;
— The second part allows to display or not the link direction;
— Thelast part configures the thickness of the links.

% Tl g o Ly T 0| = =

» Alignment tool bar: the selected elements can be aligned vertically, horizontally, in the middle, etc...

|0 5| 37 5o § e= H

» Navigation tool bar: it zooms in and out on the various graphs displayed in the work area and helps to navigate in the
architectures:
— Backward zoom,

Forward zoom;

Zoom definition;

- Up;

Down;

Down in another view.

@ & | 100% v | A Ny B

« Simulation tool bar: it dedicated to the simulation of the system model and gives access to:
— Start simulation;
— Initidize;
— Go backward,;
— Go forward,
— Go next;
— Save current state asinitial state;
Stop simulation;
Debug information window;
Event selection;
Modify a state value.
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2.2.5. Work area

The work area is the main part of the Cecilia-Workshop tool graphic interface. It enables display of the various views
associated with the objects or system architectures in current edition.

This area comprises, in its lower part, a bar which displays buttons corresponding to all opened windows.

l[ﬁSE, Exemples/Fire/FIRE; 1 ][,53& System_B/HIPPS/HIFP. .. “,5%1 Edit View |

If the number of views isimportant, a display mechanism associated to the two rectangular buttons located on both
sides of the bar allows displaying of the information bar respectively to the right or the left, and thus to reach the
buttons previoudly invisible.

Possible actions:

« A Popup menu accessible by aright click on one of the buttons, can restore, reduce, extend or close the edition window
of the associated view.

» The moving of the mouse cursor on one of the icons located on the open objects bar, allows us to have an information
bubble indicating the system or the model name in course of edition.

At the bottom left, all documents open are listed:

@ nNoCtriFire; 1.0
o] FIRE; 1

2.3. Main functionalities

The aim of CeciliaaWorkshop software is to have one tool able to answer at al type of safety studies performed in the
aeronautic domain.

» Fault trees: top-down analysis on a system and for a particular undesired event.

* FMEA: exhaustive study of all itemsin order to identify failures modes and their effects.

« MBSA model: used for the integration of the functional and dysfunctional aspects. It permits to obtain a different view
using for safety studies and for validate the model using step by step simulation. In a second part, these models can be
converted in Boolean formulae.

» Dependable System Faults (DSF) is an object that can be either a failure rate or a tree depending on user's selection.
DSF is especially convenient to allow one sub-system supplier to work considering the failures of the sub-system inputs
(power, data...) while the system at the input is still not sufficiently defined to provide a consistent tree of theinput failure.
This allows to either isolate sub-systems from each other's or interconnect them when they provide the sufficient level
of maturity (depending on user's choice).

Cecilia-Workshop is based on an tree structure. The different trees are:

« Projects: Thetop level in thistree structure is the project level which can be divided into several system.

f |

-
—1 Create a new system L |

Path MyProject
System MySystem

R Access rights

o

System is created under a project.
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When a project and a system is created, it is possible to choice the approaches (such as Fault trees, MBSA model, DSF,
FMEA):

,539_‘ Projects
{3 MyProject
E“M £ Add project
| B0 Add-> Model
E‘ﬁ P add-> Tres
% Add-> DSF
=-@0 B Add-> FMEA

J In a same project, the different system can be realized with various approaches and in a same system, several
models can be created.

Thelast level isthe model version. All the version in a same model are saved in the system.

,533, Projects

i~ MyProject
-3 MySystem
-l Models
- -3 My MBSA model
@l FaultTrees
E|, My Tree

_? 1.0

e Equipment tree is composed with family and sub-family. The top level is the creation of a family which can include
several sub-family and at least the name of the equipment and its version.
An equipment is only used in MBSA model (see Section 6.2.6, “ Equipment management” for settings) and can be made
up with components..

Equipments

5] MyFamily
-5 MySubFamily
(- [ MyEquipment
ffia] 1

« Componentstreeisalso composed with family and sub-family. Thetop level isthe creation of afamily which caninclude
several sub-family and at |east the name of the component and its version.
A component isonly used in MBSA model (see Section 6.2.5, “ Component management” for settings).

(2 Components

a MyFarmily
{23 MySubFanmily
=623 MyComponent

« Operatorstreeis made up with family, sub-famimly and the the name of the operator and its version. An operator isonly
used in MBSA model (see Section 6.2.4, “Operator management” for settings).

Operators

=5 MyFamily
-5 MySubFamily
£ [ MyOperator
b 1

» Types has the same tree structure as components it means Family and Sub-family. After that, it is necessary to select
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A typeisonly used in MBSA model (see Section 6.2.3, “Type management” for settings).

= Types

1 Add family

Add -> Enumerate

2]
=l Add -> Record

L " Dammie —

» Otherstree structure is not empty. The following folders are already included:

Others

2 Attributes

Z1 Aspications

Z1 Authors

2 Substantiations
2 Modeks of CCF

(2 Models of FMEA

(Z Event Models (FRE)
1 Parameters

Attributes, Applications, Authors, Substantiation, models of CCF, models of FMEA and parameters are used in
event model (see Section 4.3, “Event model (Failure Rate Base - FRB)” for way to use.)

<= Event Model EE@

Definition

Path  |Family/Equipment/Function/Defect/Exponentiel; 1
Name |Exponentiel Version |1
Application ProjectA |

Author jNewUser vj Substantiation _Approval vj

Description

My exponentiel law

Law

Law Exponential - E]
bound-time(0.0, 48.0)

Parameters

Lambda |'FailureRate/Lambda; 2’ - E] -

Save Close

— Attributes are alabel that can be affected to any undeveloped event of tree. After define attributes, it is possible to
perform specific calculations using these labels to have specifics results for example in a part of an aircraft only (see
Section 4.5, “ Attributes management”).

Attributes can be used in terminal events of fault trees, componentsin MBSA model, in a DSF considered as terminal
event or in the definition of the matrix of average risk approach.

— Applicationsalowsto specify the project or application to apply the event model. For example, it is possibleto specify
if the event model is used only for ProjectA or for all project.

— Author s represents the person who are in charge of the event model.

— Substantiations is used to justify the event model. It is possible to imput a date and a comment to precise expert
opinion, explerience plan, breaking test for example.

— Models of CCF defines models of CCF (see Section 5.2, “Common Cause Failure (CCF)”).
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— Event models permitsto ensure consistencies of the failure rates used and to define al so the failure laws associated. For
each failurerate, a clear description of the failure mode the failure rate is associated to and its traceability are welcome
in the Description field (see Section 4.3, “Event model (Failure Rate Base - FRB)").

— Parameters can be used to define some rate / period ... by a generic name. This provides more flexibility in case of
change of this parameter value (definitive change or sensibility study for example€) (see Section 4.2, “Named parameters
management”).

In each folder it is possible to create a new object by creating family and sub-family or directly the bject for Applications

and authors.

FRB can be used aswell ina fault tree asina MBSA model.
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3. Technical object

3.1. Technical object edition

The aim of this chapter is to explain the different commands availables to create, modify, edit, etc... the technical objects
and associated folders.

Asdescribed in Section 2.3, “Main functionalities” each technical object are creating in afolder.
For Project tab thefirst level is called Project which can contain different system.
For all the otherstab thefirst level is called Family and can be divided in sub-family.

Thefirst level can be creating using menu bar or contextual menu:

Click ontheLibrary A right clock on the |eft tree allows to creste
anew family or project by clicking on
(Library] [Library] 1 Addproject ||| L1 Add family
C1 Addproject || C1 Add family
= e EH Add FH Add
B Edition B Edition
B Remov B Remov = m
— E.nle : — E_n?c " B Remove B Remove
B  Edition By Edition
1 % C. Properties Properties
ut ut
Copy Copy Freeze Freeze
%___"Paztr: ﬁ Paste Copy Copy
Images ... Images ... #  Cut # Cut
ﬁ Paste ﬁ Paste
Expand all Expand all
Export Export
S | e

In fonction of the folder or technical object, several options are availables.

1 Add project / This function is used to create the first level of the tree structure.

Add family J This operation is not available in the Other stab in which folders are already created.

¥ Add This button can be used:

* to create asub-folder if afolder is selected.

ﬁge. Projects | Equipments | == Componemsl = Typesl [X] Operators | Others|

=
-
) Create a new system w

Path JExamples

System NewSystem|

e Access rights

Add funetion creates a new system or

sub-family if a folder is selected
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« to create atechnical object if a sub-folder is selected.

& Projects | Equipmentsl ) Componen

| Lo Projects| Equipments | (| Componentsl =l Typesl Operators | Oﬁners|

=5 Examples [Z] Exemples - -
(-] Fire £ Add project £ MyFamily &l Create a new model &J
1 MBsA pres 2 § My SubFamily

2 E‘:E B Add > Model Path MyFEamily MySubFamily
[Z] MyProject P Add-> Tree Equipment |Equipment
R | Accessrights |
[Z] Water_source i ¥ Comments S

B Add-> FMEA

If a sub-folder is selected,a i
EH Remove technical object is creat,edl 3
Properties £ i E |
fror o

|

e

T

« to create anew version of thetechnical object. In this case the reference version can be defined.

B I I I I
IM Faup) & Create a new version [ = | -SJ—
(Z] Exemples
=5 MyFamily Path MyFamily fMySubFamily Equipment
-5 MySubFamily : !
SN Version 2 Reference version .1 =
. 1
Comments

If a technical object i=s selec *

ted, Add function creates a ne E|
W version

¥4 Edition This button allows to open atechnical object if atechnical object version is selected or to see Project
computation properties.
The window is different according to the object. But the behavior is the same with a button Save to
save the modifcations, Close to close the object and L ogs to appear error message.
When Edition is selected on atrechnical object version the aim is to open the object in the work area.
If the window is cllosed using @ amessage ask to confirm to save or not the modification.
If thisfunction is used in a Project folder name, a window with compute propertiesis displayed.
=1 Examples EIEIE
Compute | Criticity I General
Compute probabilities
Type .Avarage Risk Approach -
Define an average flight duration
Average flight duration |1  |hh |0 v: min :0 - sec
Attribute drive average risk
Attribute | Default/Zone @ B
Version |1 = 'é. é‘; E ﬁ T &
Condition Risk choice Default periodicty
==TRi2] |averagerisk |
Save Close
Computetab is described in Project properties.
*® Remove To delete selected element.

The Remove command can delete all selected folders, but with the following restrictions:

 atechnical object cannot be deleted if it is frozen, locked, used by another technical object;
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Properties

Freeze

Copy

& Cut

B paste

Expand all
Export
Import
Refresh

 afolder can only be deleted if al of these subfolders have been deleted. It is neccessary to have
write access rights to each folder that will be deleted.

& Informations - Remove P

Type Folder Message
X TreeCreationTree_A/MyFirstTreef1.0  [The model is frozen.

X [TreeCreationTree_A/MyFirstTree Folder iz not empty.

Close

This action allows to see model or project properties.

If aforlder is selected, the access rights can be defined (see Section 3.2, “ Data access rights
management”) and a comment can be added.

If aversion number is selected, it is possible to define access right and add a comment to the
technical object.

Properties can be used to rename the technical object or afolder.

¥ Properties - Tree &

Path [TreeCreation/Tree_A

MName MyFirstTree

Comments Access rights

First tree - PreProject T *

ree creation

Informations
Creation date Jan 24, 2019 10:54...

Modification date Jan 24, 2019 10:54...

Freeze Locked

With this functionality it is possible to freeze models.

A This operation is very risky and must be performed with extreme care, because it doesn't
allow later modifications on the stilled type version.

@]. This"Frozen" attribute can be also visualized via the model properties editor (It can be obtained
by the Properties command of the contextual menu or from the general menu File.

To copy atechnical object or afolder.

To cut afolder.

A It isnot allowed to cut aversion.

To paste atechnical object or afolder.
A copy / paste on atechnical object verion is equivalent to an Add function in the reference version.
A copy / paste on afolder creates a copy of the folder and all the sub-folders.

To expand al the tree structure.

To export in axml file technical object and their depends object.
To import technical object

To refresh the technical object
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3.2. Data access rights management

In the database configuration mode Cecilia-Workshop allows the access right management to data (generic modelsin library
and System architectures) thanks to dependencies and visibility attributes defined on each Cecilia-Workshop object.

Thiswindow is accessible by aright click on the element in Properties/ Accessright.

Thetop part called Owner presentes the users declared in the database and in the right list are presented all the groups that
contains the user selected. In order to set the owner and group owner, the user first select a user in list and then a group
in the other list.

The lower part called Access rights shows the access rights set to the group owner of the node on the left part and to the
other groups on the right part. To change an access right, the user simply click on the corresponding radio button. If the
user click on the Default button, the access rights are set by default to 'read only' for the owner group and to 'No access
for the other groups.

r b |
71 Owner & Access rights: /TreeCreation/Tree_A Iﬁ
Owner
User % admin -
Group :admins -
Access rights
Group Right
Owner group M Read only

Read & Write

h

Project access rights defines the user and the group. For each group, it is possible to define the right for the model:

’ O: selected group has no access.
’ E": selected group can only read the model.
’ : selected group can read and write the model.

During the creation of a Cecilia object, the access rights defined by default are:

» Read Access Right for users of the workgroup to which this object is reattached (only the owner of this object has an
Read/Write Access Right);

« No access for the users of the other workgroups.

Only the administrator of Cecilia database or the owner of a given object can modify its attributes of access rights by using
the Editor of properties.
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According to the Access right attribuates by the administratot to the user, the color of the tree structure gives information
of the accesright.

| Operatrs | Others
= Types
oy Projects | (] Equipments
=4 Examples
Ela Fire
- Models
. @By FRE

E}@ Fault-Tress

——— [n black, elements in Read & Write

..ui] N &——t—— [n purple, elements in Read only.
..... Cl MNewSyste
SEEN
-] FMEA
{3 TreeCreation
Bg; ot Trees Elements with no access aren’t

= FrstTree displayed.
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4. Common approach

The aim of this chapter is to describe the common part to edit events.

&4 Edition of events properties M

Comments Distribution
My event| @) Law () FRB () None

Law Exponential v: E]

Parameters
Attributes Lambda |0.001 v [
Mame Type Value
Default/Localisation;1 [Enum |PartA

@) Inspected () In-flight tested  (7) None
Inspection periodicty 8760 =
b
Law Exponential i B

Periodic test complete

hRD e

First, the event islink to aLaw. When law radiobutton is check, it is possible to chose the law from all the available lawsin
the drop-down list located in the upper section. Many laws are available and you can find the meaning for each law under
Section 1, “Description of the laws” for the description of all the law.)

The button ) allows to specify a coeficient modifier for the law (see Section 2, “Modifier coefficient of the law”

After, in function of the law , user sets the parameters for the law in the lower part of the window. For each parameter a
numerical value can be entered.

With k=) parameter can be defined by:

e Thevalue can be asimple numerical value (example: 0.001, 2.0E-02, etc.).

Value

0,001

e Thevaue can be linked to a parameter.

Parameter

{3 FailureRate
EHE Lambda
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« The value can be defined by an uncertainties law (see Section 3, “Uncertainties on the parameters’) (example: uniform
1.000E-03 3.000E-03, lognormal 1.000E-03 3.000E-03, etc.)

Law

Law :uniform v:
Parameters

Min |1e-3 v | -
Manx | 1e-2| v

» Thevalue can be defined using a FMEA elements.

FMEA
Fmea  |FMEAJFMEA/Servos;1.0 E
Entity Fmea.new Fmea 10

Attribute  |Mode Failure Rate

Value 2.000E-07

4.2. Named parameters management

The named parameter manager panel allows the user to create named parameters reusable as many as he wants, on the
laws defined on component events. If the value of a named parameter changes, all of the laws that use it are automatically
impacted.

The named parameters are located in the Other s tab and can be created by aright click on the Parametersfolder.

E1 FailureRate/Lambda;1 o[ ® (===

MName |Lambda Version |1

S DEEEFIDHIQ oo o s

| |Lambda: failure rate for
| |component

e R
| Type :Rahe v:

| | Value | Law | FMEA

0.001

The named parameter properties are the following ones:

« Name of the named parameter

e Version of the named parameter

» Description of the named parameter

« Type of the named parameter

e Valueor Law or FMEA tab: several choice of the value of the named parameter:
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— Thevalue can be asimple numerical value (example: 0.001, 2.0E-02, etc.).

Value

0,001

— Thevalue can be defined by an uncertainties law (see Section 3, “Uncertainties on the parameters’) (example: uniform
1.000E-03 3.000E-03, lognormal 1.000E-03 3.000E-03, etc.)

Law

Law :uniform -
Parameters
Min |1e-3 v | =~
Max | 1e-2|

— The value can be defined using a FMEA elements.

FMEA

Fmea  |FMEA/FMEA/Servos;1.0 E

Entity Fmea.new Fmea 10
Attribute | Mode Failure Rate

Value 2.000E-07

To the named parameter types corresponds a domain of definition for the values. The named parameter type can be of the
following values:

* Probability: the value must be between 0 and 1 included
« Rate: the value must be areal greater than or equal to 0

« Duration: the value must be areal strictly greater than 0
» Factor: the value must be areal greater than or equal to 0
« Boolean: the value must be equal toOorto 1

When dl the fields are filled in the user clicks on the Save ase button to confirm the actions or on the Close button to
cancel the actions.

4.3. Event model (Failure Rate Base - FRB)

Cecilia-Workshop provides a Failure Rate Base to ensure consistencies of the failure rates used.

The event model library allows the user to create generic event definitions that can be used by the events defined on
component models.

The event models contain generic definition and can be used by several data on Cecilia-Workshop. The event models are
referenced by the eventsdefined on componentson Cecilia-Workshop. Theway used to define these associationsis described
in the Section 4.6, “Event settings’.
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The FRB are located in the Others tab and can be created by aright click on the Event model folder.

<> Event Model EIE@

Definition

Path  |Family/Equipment/Function/Defect/Exponentiel; 1
Name |Exponentiel Version |1
Application |ProjectA v:

Author :NewUser - Substantiation :Approval -

Description

My exponentiel law i

Law

Law ' Exponential =

? bound—ﬁme(D.U,. 48.0)
Farameters
Lambda |'FailureRate/Lambda; 2’ - E] -

Save Close

Thefirst field named Path contains the path on where the new node will be created.

The field Name contains the name of the new node.

Each event model is affected to an application, an author and if necessary a substantiation. These data are defined under
corresponding static nodes in the Other tab (see Section 2.3, “Main functionalities”).

The bellow part of the panel is dedicated to the definition of the event model fault law.
An event model is define by alaw and its parameter, so first, it is necessary to choice alaw and its parameter in the combo
box. The law and the options for the parameter are described in Section 4.1, “Law”.

4.4. Distribution

Distribution

@) Law I FRB (=) None
Law Exponential - B
Parameters
Lambda [0.001 - | fee] =
@ Inspected (@) Infight tested () None
Inspection periodicity D

A distribution it's alaw or a FRB with the type of inspection. There are 3 different type of inspection:;
 Inspected means Dormant.The dormancy period is to be defined in the I nspection periodicity field.
« In-flight tested is related to a dormant failures that is inspected event within the time of aflight (dormant event with a

dormancy duration lower than flight time). In this case it is necessary to fill in the Exposuretime.
* None: the event is not inspected.

The button -] allows to use a numerical value or anammed parameter defined as delay type.

4.5. Attributes management

The attribute manager panel allowsthe user to create attributesthat are used to qualify events defined on system components.
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The attributes are located in the Other stab. By aright click on the Attributes folder the following actions are available:

To create a new attribute it is firt necessary to Add in attribute folder in Other tab. A double click on the version number
(or used Edition button)permits to edit the attribute.

7% Default/Localisation;1 o [-E (S
MName |Localisation Wersion |1

Description

Birplane localis=sation =

Type
() Alias
() Number
() String
@ Enum %ﬁ

PartA
Partt

Save Close

The attribute properties are the following ones:

* Name of the attribute
» Description of the attribute
* Type of the attribute

The attribute type can be of the following values:

Alias: Thiskind of attribute is just atag that can be set or not on an event;

Number: Thiskind of attribute is used to affect an integer value to the events;

e String: Thiskind of attribute is used to affect a free text to the events;

e Enumeration: Thiskind of attribute is used to affect a value from a pre-defined list to the events.

If the attribute is an enumeration, the button EH (resp FH ) permits to add (resp delete) the event list.

4.6. Event settings

‘@ Edition of events properties i e @
Comments Distribution
My event @ Law ) FRB ) None
Law Exponential - E]
Attributes Parameters
E E @ Lambda |'FailureRate /Lambda; 1' - -

(@ Inspected (@) Inflight tested  (7) None

Inspection periodicity |'InspectionPeriodicity/To;1' D

All theinformation described in this chapter can be used in the edition of an event. This propertiesare the samefor aterminal
event in afault tree or in aMBSA element.

Thiswindows is dividesin 3 parts. Comments, Attributes and Distribution.

1. Commentsfieldsto imput for example a description of the event.
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2. Attribute can be can be added to the event using the following butons:
* E add a new attribute;
: ﬁ edit an attribute;
* B delete the selected attribute.

3. Inthe Distribution, the event can be define:
» by alaw selected in the law available in CeciliaWorkshop and its parameter as described in Section 4.1, “Law”.

@ Law ) FRB () Mone
Law | Exponential = B
Parameters
Lambda 'FailureRate/Lambda;1' - D -

« by aFRB as detailed in Section 4.3, “Event model (Failure Rate Base - FRB)” in this case it is hecessary to fill in
the path field using .

o) Law @ FRS *) None

Family/Equipment,Function/Defect/Exponentiel; 1
bound-time (0.0, 48.0) exponential(FailureRateLambda; 2}

A description of the FRB is given under the path.

* by nothing.

Finally, the last part concerned the type of inspection of the event. The radiobutton allows to considered the event
as Inspected with a specific Inpection periodicity, In-flight tested with an exposure time or None inspected (see
Section 4.4, “Distribution” for details)

A parameter can used for the duration.
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5. Boolean models

5.1. Fault Tree

5.1.1. Fault Trees edition

A Fault treeis atype of model saved in the Projects tab.
To create atree, it isfirst of al necessary to create a Project, a System (see Section 3, “Technical object”) and then the
fault tree by aright mouse click.

o, Projects Equipments

{3 Examples
[#-{Z] Fire
{3 TreeCreation

Loy— .
| Add project |

o

Add -> Model
Aﬁ%-:» Tree
Add -> DSF

Add -> FMEA

J All the functions described in Section 3.1, “Technical object edition” can be used in a Fault tree in particulary

Propertiesto rename a Fault Tree, Copy, Paste, Cut, Remove, etc... .

The following window appears to inform the name and the revision of the fault tree.

r ~
¥ Create a new tree N [éj
Path [TreeCreation,Tree_A
Tree MyFirstTree
o Access rights

First tree - PreProject Tree creatio:ﬂl

b

When the fault tree is created, it can be opened by double click or viathe contextual menu and select Edition.

Creation of anew tree is performed:

By typing the tree namein the Tree namefidd;

By modifying, if necessary, the default access rights (Access rights tab details are given in Section 3.2, “Data access
rights management”);

By typing, if necessary, a general comment (Comment tab) for the fault tree;

By validating the creation of the tree by clicking on the OK button (this button is active only if the system name has been
typed and if it does not already exist) or click on the Cancel button to quit the Create tree window.
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When the tree has been created, it is automatically inserted in the document manager (in an aphabetical order) as well as
itsversion.

# Tree: TreeCreation/Tree A/MyfFirstTree1.0 [fo- o=

&)1

Thetop event is created. Now it is possible to create the different events by a double click on the top event.

The following window appears to create the tree:

-
@ Edition of intermediate eventl ﬂ

Name: MyFirstTree

Descripton |5nyanted event apparition

Gate selection —p—r—> Qw B GSR

Arguments QD' =
Name of the childto add — = vtz HEEHI
2::::; @Kam :
List of the child of the gate —|

stdusyfm = il Clickthis buttonto add a child
(already added ones)

Q Not Or

é Not And

Q Implication
—[3 Negate -

Click this button to finalizegate \\———————> ok |
definition |

Following icons can be used to:

- add a new argument;

- delete the selected argument;
T get up the selected argument;

i get down the selected argument.

The meaning of the gateis the following:

OR The output occurs if at |east one of the input occurs.

: AND The output occurs only if al inputs occur.

‘ K out of N The output occursif at least K of the N input occur (K < N).
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Exclusive OR The output occursif one of the input occurs.

Not OR The output occursif none of the input occurs.

Not And The output occursif at least one of the input is not occurred.

XNOR The output occursiif both of the inputs to the gate are the same.

logic state.

Lo | o | | x| 3

NOT GATE The output occurs if the input is not occurred. The exit logic state is the contrary of the entry

ITE value of the event 'then’ otherwise.

If... Then... Else... The output is worth the value of the event 'then' if the event 'if' occurs and is worth the

By default, the children areterminal event. A terminal event can be converted to a gate (intermediate event) by aright click

on it and select Convert in intermediate event.

T
"8 o Undo

4 Redo

' "B

0

/\Af»""i

CtrleZ.
Ctrl+Shift+Z.

Top event

Up

Down

Down in another view
Rename

Edition

Convert in terminal event
Cunveﬂ%mtevrﬂed\ate event
Convert i link with sub-tree
Nominal compute

Compute after first failure

Using the same way, it is possible to convert a gate to aterminal event by selecting Convert in terminal event.

Events settings are described in Section 5.1.2, “ Events edition”
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The graphical representation of atree asit isdisplayed in the first tab of the window. The following button can be used to:
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: to go back directly to the top event of the tree;
’ : to go down of thetree;

’ : to go up of the tree.
» The graph level can be adjusted by means of the Level field.

Results can be reduced to one flight hour using the dedicated check box (see Section 5.1.7, “Reduce to flight duration”).

To select several events, click on these events with the mouse left button while depressing the SHIFT key. The last event
selected becomes the current event. Click on an event with the left button while depressing the SHIFT key to invalidate it.
In this case, if the event was the current event, the last selected event becomes the current event.

The zoom options, located on the tool bar can be used for this representation type.
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5.1.2. Events edition
When fault tree is created, users can parameters events with a double click on it.

Terminal event can be also configured by a double click on the event.

&R Edition of events properties : Evt_1 —— @
Style Elementary v | state Normal = [ Generic
. . ‘ ] ' <——t Considered eventas generic
Event selection Commen Distribution
My event Evt o Was developed H
f — 7o be developed @ Law FRB None ' Component behavior
External
Comment [Condition Lo Exposential » E\‘- Law selection
Parameters
Attributes Lambda [0.001 <)
B \
Name Type Value '+ Parameter value
Default/Type; 1 Estring ‘ComponentFallurE |
Add and attribute 1
Inspected In-flight tested @ None
't Type of inspection
Linkto a CCF models -{7odels of CCF e ]
[Lox J[ cnel ]

Common event settings (it means Comments, Attributes, and Distribution are described in Section 4.6, “Event
settings” ).

There are 5 different styles of terminal event:

Elementary event: used for events which could be analysed in more details but for which it is not useful with
regards to the performed study.

P Was developed event: used to indicate the event will be link to a sub-tree (see Section 5.1.9, “Sub-Tree”).

My event Evt_l

0

To be developed event: for components failures which must be developed in more detail before completing
the study.

External event: event which has occured or will occur with certainly according to the configuration (State
value equal to true).

Condition event: event that is a condition of occurence of another event (conditions are used with If Then
Else gate).

9

M odels of CCF allowsto use CCF for this event using the E]
State tab permits to select the behavior of the component. 3 cases are possible:

» Normal meansfollowing the law chosen by the user;
e Truetoindicate the event is always true.
» Falseinthiscasethe eventisfalse.

If one (or more) event(s) which is (are) visible on the graph is (are) of the "always true" or "always false" type its
(their) representation color will be the color defined in the options for this type of event (color selection for true
event or color selection for false event). Furthermore, if some events cannot be modified, their representation color
will be the color defined in the options for this event type (color for events which cannot be modified).

Generic event check box indicatesif thisfault treeis generic (cf. Section 5.1.9, “ Sub-Tree").

Thelast part istoindicatethe Distribution for the event it meansto define event failure law and exposition timesis described
in Section 4.4, “ Distribution”.
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The event representation is different according to the type of inspection.

Event type
ot Flementary Was developed To be developed External Condition
inspections
1y avens Eve_1
None
Inspected . My event Eve_1
1 Iy va::::._lxw._J_
In-flight tested

To validate all modification it is necessary to click on Validate button.

5.1.3. List of events

Each tree opened in Cecilia-Workshop has a representation giving the list of its events. Theaimisto display Il the element
in atable form and the link between us to create the boolean formul ae.
This mode is given in the second tab of the Fault Tree called Events.

9 Tree: Water_source/Water_Tank/Water_disruption;2.1 =R X ]
| Y 'u"lew| Events | Compute mnﬁguraﬁons|

:AII - Filter Quantity 12on 12 [ Per flight hour
Events Definition Comments Given laws State

HHL sensor failed active exponential 1,2000E-05 Mormal -
HL sensor failed inactive exponential 3.8000E-05 Mormal

Input Valve 1 failed stuck open - exponential 5. 7000E-05 Mormal

Input Valve 1unable to Open {'Input Valvel failed stuck dosed' | 'L... -

Input Valve 2 failed stuck dosed - exponential 5. 7000E-05 Mormal

Input Valve 2 unable to Open {'HHL sensor failed active' | 'Input va... -

Input Valve 2 was commanded to closure  |{'Input Valve 1 failed stuck open’ | 'H... -

Input Valve 1 failed studk dosed - exponential 5. 7000E-05 Mormal

Input valve 2 failed when dosed {'Input Valve 2 failed stuck dosed' &'... -

LL sensor failed active - exponential 1,2000E-05 Mormal

LL sensor failed inactive exponential 3.8000E-05 Mormal

Water_disruption

{'Input Valve 1 unable to Open' | 'Inp...

<

LU

1

Save Close

The table represents all the element in the Fault Tree and can be used to create or modify a Fault Tree.

A double click on the Events column allows to edit or rename the selected event.

A double click on the others column displays the event edition window to configure the event.

0

’ sIIowsto select all the elements displaysin the table.

A right click on an event gives acces of the contextual menu and allows for example to convert a terminal event
to an intermediate event and reciprocally.

* The user can filter the listed events by choosing Filter in the selector menu. At this time, the Filter tab is selected and
appears at the top. When filtered events are displayed, it is possible to create one's own filter (Filter selected).
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When Filter is selected the following window appears to precise the type of filter wanted.

r ~
AL Filter (o]
Event types
all
MNone
[¥] Name *a
Exponential > 0.0
b
i

This tab shows two areas: event type and search string. The first area offers to the user the possibility to close up the
filtering on a certain type of events (Intermediate, undevel oped, Sub-Tree, DSF, Inspected or Inflight tested). The second
area allows the user to apply the filter on events whose name or comment complies with the search criterion specified
in the corresponding text field. The string defining the search criterion can contain as many * characters as desired (for
example:* abc* def*)

When afilter is created, is activated to display the filter window.
 Results can be reduced to one flight hour using the dedicated check box (see Section 5.1.7, “Reduceto flight duration™).

» The columns displays can be configured (Fields tab):

@ Optionnal fields i X '
[¥] Definition [¥] Comments

[¥] Given laws [ Compute probabilities

[V] state | 5tyle

[ Generic [7] Generic extension

[ 5ubTree [F] bsF

[¥] Subtree /DSF name [V] FRB

[E1FMEA [FI6sR

[¥] Inspected [] In-flight tested

] Attributes Flc.CF

[] Conditional probability [ Marginal impar tance factor
[] critical importance factor [] Diagnostic importance factor
[ Risk achievement worth [ Risk reduction warth

With the table, users have access to the following functionalities:

— Selection of events indicated in the list via a selector (All, intermediate, undeveloped, Sub-tree, Inspected, Inflight
tested, Filter or attribute filter);

— Display of the number of displayed events depending on the number of total events;

— The width column can be adjusted by positioning the mouse cursor on the header of the upper table until the cursor
is visible; move the mouse with the left button depressed

The column width is simultaneously modified in both tables);
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— The columns can be shifted (except the first one) by clicking on the column header of the upper table, then by shifting
it to the desired position

Asfor the graphical representation window, the events list enables selection of one or more tree events:

« A single click in the list, invalidate all the events previously selected and chooses as current event the one which has
been clicked;

» To select a second event, click on the event with the mouse left button while pressing the CTRL key. This event thus
becomes the current event;

« Toremove an event from the list of selected events, click on it while pressing the shift key. If this event was the current
event, the last selected event becomes the current event;

» Toselect aset of contiguous events, click on the first event, then on the last one while pressing the SHIFT key.

If one or several selected events are of the "alwaystrue" or "awaysfalse" type, its selection color will be the color
defined in the options for this type of event (color selection for true event or color selection for false event).
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5.1.4. Minimal cut set calculations (MCS)

The Fault Treetool is coupled to the Cecilia-Workshop cal culation engine for the computation of tree minimal cut set.

The calculation are accesible using the menu FaultTree-Nominal compute

Mominal compute Ctrl+Alt+C

:ﬁ Compute after first failure  Ctrl+ Alt+M

The following window appears in order to set-up the calculation:

£ Nominal compute @

Compute cuts

[Jimitat |3 ~ | order

Compute probabilities

Type :Max Risk Approach (via BDD) v:
Time |0 * hh jD Vj min jl vj sec

["] compute events probabilities

Compute importance factors

Reference calculation (to be stored in the application)

If necessary it is possible to limit calculation to the selected order by checking Limit at option and choose the cut set
maximal order.

Several type of calculations can be performed.

jMax Risk Approach (via BDD) vj
No probabilities compute

Max Risk Approach (via BDD)

Using sum of minimal cuts

Average Risk Approach

Average Risk Approach for critical system

* No probabilities compute: to have results without probabilities;

* Max Risk Approach (via BDD)
« Using sum of minimal cuts: Max Risk Approach (viaminimal cuts)

* Averagerisk approach
» Averagerisk approach for critical system

For more informations about these types of computation, see Appendix B, Probabilities computations.
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J Default computation can bedefined in project level. In thiscase, with aright click on the name project select Edition
menu. Then, computation can be define in the Compute tab.

i Water source \i\ﬂ\g

Compute Criticity General

Compute probabilities
Type Max Risk Approach (via BDD) v

Define an average flight duration
Average flight duration |3 v hh{0 ~ min|0 |sec

Attribute drive average risk

Attribute |Default/Detection & JH &
Version 1 v Hi B ¥
Condition Risk choice Default periodicity
[ ==PBIT ] [Maximum risk |
| == Pre Fight ] |Average risk |'TnspectionPeriodicity/To;1'

Save Close

In this tab default calculation for al the project are defined. User can select the average flight duration (used in
reduce to aflight duration detailed in Section 5.1.7, “Reduceto flight duration” ) and the type of computation.

In this case, default computation appears in bold with the [prj] at the end.

It is however possible to perform other type of calculations.

&2 Nominal compute @

Compute cuts

Limit at |3 order

Compute probabilities
Type [No. probabilities compute =

In bold, default computation
oG SO ST a0 fill in project properties

If necessary, aduration (in hours) for the time can be typed, in case when some probability lawsfor tree basic events depend
on the time factor (i.e. Exponentia law);
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Check Compute events probabilities when Max Risk Approach (via BDD) is selected permits to display the events
probability directly in the tree. For that, in the Tools - Preferences - Fault Tree- Tree View

i3 Preferences
0 Fon
& Desk
@ Logs o
" Import/Export .
& £ Print/Export options R o
=299 E%:I{t:‘r lré:e
: olors
— ‘3 Display/Views options Level 3 i
FaultTree - Events list
FaultTree - Tree view Arrangement format default i
Event global list
P Nominal compute Fields —
: ﬁ Eﬁﬁﬁﬁ - PluginAction [+*] comments Compute probabilities
&  Plugins - PluginStepper i :
+ 1 Plugins - PluginTranslate []inspected/Inflight tested  “TPTGSR
Save | Close =

menu and check Compute Probabilities.

To Computeimportancefactorsitisnecessary used Aralia4 for BDD engine. The different importance factors are detailed
in Appendix C, Importance factors

Reference calculation stored the calculation in the databased. If this option is checked, if there are any modifications on
the model, user can display the results using the compute windows.

a3 Task manager o [E- =
First calculation: with Reference TT R B3
calculation checked
S| 5... Identifier Description CurrentMsg Progress Times
Nominal c... [Compute cuts - Z... [Finished 00% 00 .
= NG Disday o ished 00% —~Only display

Click on the OK button to launch the calculations.

ﬂ According to the User s preferences, computation islaunch in local or distributedand using Araia4 or CeciliaBDD
(see Grid computing)

When computing is over, two cases are to be considered:

« Thetree does not contain cut set lower or equal to the order specified in the computing window;

Cuts - Tree/Tree_A/Tree A(LD) =]

@ Tree with one cut of order 0 (Top event always true).
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« Computing has been successful. Select the criteriatab to gain accessto extraction criteriafor the resulting minimal cut set.

=g Nominal compute : Manual/Centrale/centrale(1.0) : Undesired_Event ; EE@

TS Probability |5. 362E-08

Project  Manual

System  Centrale Order

Tree name centrale Orders Cuts Probabilities

Wersion 10 1 1] -

Root Undesired_Event 2 4 5.076E-08
3 9 2,825E-09

FIEIEES 4 2 4.410E-11

Type : Max Risk Approach {via BDD) 5 4 3.750E-14

Time : 2.0 6 9 1.413E-28

Compute events probabilities 7 12 2.205E-30
g 3 1.875E-33

Total 53 5.363E-08

[] Per flight hour Compute
Max Risk Approach (via BDD) ; 2,000E00 Cuts : 53 (5.363E-08)

Close

Thiswindow is composed with 3 different parts:

* |Information tab which summarizes the Tree information;
« Parametersfor the type of calculations performed and time needed.
* IntheOrder part al minimal cutsset are described with the order, the number of cut set of each order and the probabilities.

Results can be reduced to one flight hour using the dedicated check box (see Section 5.1.7, “Reduce to flight duration™).

The Cut list window is then positioned on the List tab.

=g Nominal compute : Manual/Centrale/centrale(l.0) : Undesired_Event; EIE'E
Filter | None = o Sort | by order + | Limitat None
Cut's probability Ewvents Given laws Event's probability  Insp... Inflightt... Attributes

1.690E-08 Barrel constant 'Retenue_Mecanique[1]' 1.300E-04 - -
Barre2 constant ‘Retenue_Mecanique[1]' 1.300E-04 - |E|

1.690E-08 Barrel constant ‘Retenue_Mecanigue[1]' 1.300E-04 - =
Barre3 constant 'Retenue_Mecanique[1]' 1.300E-04 -

1.690E-08 Barre2 constant ‘Retenue_Mecanique[1]' 1.300E-04 -
Barre3 constant ‘Retenue_Mecanigue[1]' 1.300E-04 -

6,000E-11 CP constant 'OP_Absent[1]' 2.000E-01 -
Secu constant 'Def_Chaine_Secu[1]' 3.000E-10 -

5.780E-11  |BK1 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
B2 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
OF constant 'OP_Absent[1]' 2.000E-01 -

5.780E-11  |BK1 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
B3 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
OF constant 'OP_Absent[1]' 2.000E-01 -

4,420E-10 BK1 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
Barre2 constant 'Retenue_Mecanique[1]' 1.300E-04 -
OF constant 'OP_Absent[1]' 2.000E-01 -

4,420E-10 BK1 constant 'Def_Bobine_Commande[1]' 1.700E-05 -
Barre3 constant 'Retenue_Mecanique[1]' 1.300E-04 - il
ne ronstant'NP_Aheant11" 2 NNNE-N1 N

Info. | cuts Max Risk Approach (via BDD) ; 2.000E00 Cuts : 53 (5.363E-08)

The minimal cuts set can be filtered and/or sorted using different options

Standard filter
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A click on E] to select thefilter.

?El Mominal compute : Manual/Central, le(1.0) : Undesired_Event ; = |=[=] @
g 3 e
Fiter| Standard - ¥ Sandard S Fields
\ [7] Order Orders Cuts Probabilities
Cut's probability Events = = .| ptt.. Attributes
2 4 5.076E-08
2.890E-30  BK1 - E 08 -
o= 4 12 4410E-11 |
&Pl 5 4 3.750E-14
BP2
[ 9 1.413E-28 - E
BP3 @] S
BP4 = Event =
2.890E-30  BKL (L Event name
BK3
BP1 [7] Event comment | =
BP2
i [ Probability 0.0
BP4 ;
2.210E-29 BK1
BP1 Attribute Attribute
EP2 Type
BP3
Bh4 Operator
Barre2 Value
2.210E-29 BK1
RD1 — ”
o] cuts | xRk eron (3 412800 5360.0)

Itis possibleto filter by:

e Order: for example, user can appear only cuts with an order 3;
« Event nameor comment: to display only the minimal cut set containing the events whose names/comment comply with
the filter defined in the Enter your choice field;

» Probability: to display only the minimal cut set whose probability of occurrence is lower or equal to the value defined
in the Enter your choice field;

 Attribute: to display only events with specific attributes.

Relative weight filter

It is possible to filter by relative weight. The aim is to display only the minimal cut set in decreasing order of probability
which the sumis gtrictly less than the failure condition probability percentage (value defined in the Enter your choicefield).

Latent specificrisk filter

Thisfilter can be used only if there are attributes in the tree.

Latent Specific Risk @I
Attribute | Zone[1]

Type Enum

Operator :== v:
Value 3 v:

Theminimal cut set are filter using the following rules; aminimal cuts with an order N is kept only if:

« N-1 events validates the attribute criteria defined by the user in L atent Specific Risk window;
« 1event doesn't validate the attribute criteria.
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Sort
=g Nominal compute : Manual/Centrale/centrale(1.0) : Undesired_Event; =RRa X
Filter |Standard ~7)) E] Sort by order « | Limitat None
by order
Cut's probability Events by order foccurrence Event's probability  Insp... Inflightt... Attributes
2.890E-30  [BK1 gby occurrence ande[1]' 1,700E-05 - o
BK2 constant 'Def_Bobine_Commande[1]' 1.700E-05 - F
BF1 constant 'Def_Contact_BP[1]' 1.000E-05 -
BP2 constant 'Def_Contact_BP[1]' 1.000E-05 -
BF3 constant 'Def_Contact_BP[1]' 1.000E-05 - =
EP4 constant 'Def_Contact_BP[1]' 1.000E-05 -
2,890E-30 BK1 constant 'Def_Bobine_Commande[1]' 1, 700E-05 -
B3 constant 'Def_Bobine_Commande[1]' 1.700E-05 - b
BF1 constant 'Def_Contact_BP[1]' 1.000E-05 -
BP2 constant 'Def_Contact_BP[1]' 1.000E-05 -
BF3 constant 'Def_Contact_BP[1]' 1.000E-05 -
EP4 constant 'Def_Contact_BP[1]' 1.000E-05 -
2,210E-29 BK1 constant 'Def_Bobine_Commande[1]' 1, 700E-05 -
EF1 constant 'Def_Contact_BP[1]' 1.000E-05 -
BP2 constant 'Def_Contact_BP[1]' 1.000E-05 -
EF3 constant 'Def_Contact_BP[1]' 1.000E-05 -
EP4 constant 'Def_Contact_BP[1]' 1.000E-05 -
Barre2 constant 'Retenue_Mecanique[1]' 1.300E-04 -
2,210E-29 BK1 constant 'Def_Bobine_Commande[1]' 1, 700E-05 -
lre1 Frnetant Tief Contart BROT 1 ONNE-N5 N Sz
Info. | cuts Max Risk Approach (via BDD) ; Z.000E00 Cuts ; 9 on 53 (1.413E-28 on 5.363E-08)
3 different sorts are proposed:

» by order to display cut set in an increasing order;

by order/occurrenceto display cut set in an order and increasing occurrence for cuts set with the same order;

* by occurrenceto display cut set in an increasing occurrence;

Itisalso possible to limit the display of products, either with digital way. For example limit at 10 reveal the 10 first ones).

The user can add some additional datarelative to the undeveloped events by using the Fields tab.

‘% Optionnal fields ==
e [ Given laws

[ Event's probability [7] Generic

[C1Frb [C] Fmea

[ Equivalence [ Gsr

[ Inspected [ Inflight tested

[] Attributes

5.1.5. Common attribute analysis (CAA)

The common attribute analysis (CAA) treatment allows to perform verification when attributes are correctly filled for

each event.

The aim isto analyze the minimal cut sets not with an event point of view but according to Attributes.
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For exampl e the following events are linked with the following zones:

Events and Afiributes links Associated MCS

A fone 1 Order Cuts Altnbute cuts
B Ione 1 2 {A, B} {21, 71}

C fone 2 {C.D.E (2,72, 7%}
D Ione 2 {A.F, G} {21, 73,73}
E fone 2 3 {B, F, G} {1, 73, 23}
F Ione 3 {C.H. I} {22, 74, 14}
G fone 3 {D,H, 1} {£2, 74, 14}
H Ione 4 {B.H, I} 1,74, }

| fone 4 4 {E,F.H. I} |{72 73,74, 14}
J - {E.G.H, I} |{72,73,74, 14}

After aMCS calculations, selection C.A.A in the Cutstab.

=g Nominal compute : Manual/Attributes/Common- Attribute-Analysis(1.0) : Common-Attribute-Analysis
Filter None v Sort | by order v | Limitat None
Cut's probability Events Given laws Event's pro... Inspected Attributes
9.990E-07 A exponential 1.000E-03 9.995E-04 "Zone[1]'=[1 -
B exponential 1.000E-03 9,995E-04 "Zone[1]'=[1
9.985E-10 A exponential 1.000E-03 9.995E-04 "Zone[1]'=[1
F exponential 1.000E-03 9.995E-04 "Zone[1]'=[3
G exponential 1.000E-03 9,995E-04 "Zone[1]'=[3
9.985E-10 B exponential 1.000E-03 9.995E-04 "Zone[1]'=[1
F exponential 1.000E-03 9.995E-04 "Zone[1]'=[3 A
G exponential 1.000E-03 9,995E-04 "Zone[1]'=[3 =
9.985E-10 B exponential 1.000E-03 9.995E-04 "Zone[1]'=[1
H exponential 1.000E-03 9.995E-04 "Zone[1]'=[4]
] exponential 1.000E-03 9.995E-04
9.985E-10 C exponential 1.000E-03 9.995E-04 "Zone[1]'=[2]
D exponential 1.000E-03 9.995E-04 "Zone[1]'=[2Z
E exponential 1.000E-03 9,995E-04 "Zone[1]'=[2Z
9.985E-10 C exponential 1.000E-03 9.995E-04 "Zone[1]'=[2]
H exponential 1.000E-03 9.995E-04 "Zone[1]'=[4]
1 exponential 1.000E-03 9,995E-04 "Zone[1]'=[4]
9.985E-10 D exponential 1.000E-03 9.995E-04 "Zone[1]'=[2]
H exponential 1.000E-03 9.995E-04 "Zone[1]'=[4] .
- i - tial 1 ANAE-NT 9 a5F-n4 "Zrnal11'=14]
Max Risk Approach (via BOD) ; 1.000E00 Cuts : 9 (1.005E-08)

The following window appearsin order to select the attribute to perform C.A.A. calculations.

-
@i, C.AA. edit attributes

e

Attribute [1]
Mame .Deﬁulthone;l
Type Enum

[] Merge identical values

If Mergeidentical valuesischecked, for aminimal cutsset if 2 eventsarein the sameattribute only 1 attributeis mentioned.
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The result of the computation leads to this window:

X CAA.: TreeCreation/Tree_A/Tree_ MCS_Attribut(1.0) : Common-Attribute-Analysis o=@ =
Attribute cuts Nb.  Probability Attr.'s cuts order | Evt.'s cuts order
Default/Zone; 1 : {Zone 1;Zone 1} 1 9.990E-07 Orders Cuts Probabilties
DefaultfZone;1: {Zone 1;Zone 3;Zone 3} 2 1.997E-09 1 0 -
Default/Zone;1: {Zone 1;Zone 4; #Undef} 1 9.985E-10 2 1 9.990E-07
Default/Zone; 1 : {Zone 2;Zone 2;Zone 2} 1 9,985E-10 3 ] 5.991E-09
DefaultfZone;1: {Zone 2;Zone 4;Zone 4} 2 1.997E-09 4 2 1.996E-12
Default/Zone;1: {Zone 2;Zone 3;Zone 4;Zone 4} 2 1.996E-12 Total 9 1.005E-06
Sort _by order
Cut's proba... Events Comments Given laws FRE Inspected  Attributes
9.990E-07 |A exponential 1.000E-03 - ‘DefaultfZone;1'=... | »
B exponential 1.000E-03 - ‘DefaultfZone; 1'=... [ ]
9.985E-10 |A exponential 1.000E-03 - 'Default/Zone; 1'=...
F exponential 1.000E-03 - 'Default/Zone; 1'=...
G exponential 1.000E-03 - 'Default/Zone; 1'=...
9.985E-10 B exponential 1.000E-03 - 'Default/Zone; 1'= =
F exponential 1.000E-03 - 'Default/Zone; 1'=...
G exponential 1.000E-03 - 'Default/Zone; 1'=...
9.985E-10 |B exponential 1.000E-03 - 'Default/Zone; 1'=...
H exponential 1.000E-03 - ‘DefaultfZone;1'=... [
il exponential 1.000E-03 - -
9.985E-10 |C exponential 1.000E-03 - 'Default/Zone; 1'=...
D exponential 1.000E-03 - 'Default/Zone; 1'=...
E exponential 1.000E-03 - 'Default/Zone; 1'=...
9.985E-10 |C exponential 1.000E-03 - 'Default/Zone; 1'=...
H exponential 1.000E-03 - ‘Default/Zone; I'=... | _
T 1+ nanc an T Ty =—

Attribute cuts are described in thefirst table. In this part, the cuts are ordered in function of the attribute.

If the option M erge identical valuesis checked, in thistable in the case of 2 events have the same attributes, the attributes

are not repeated.

Wihout Marge idenllcal voiluss

Attribute cuts
CS

@ zone[1] :
B zone[1]:
M zone[1] :
B zone[1] :
@ zone[1] :
B zone[1]:

{1}

{1;3;3}

{1;4; #Undef}
{2:2;2}
{Z49
{2344

1
|
1
|
|
|
| |
L e AL

With Merge [dentical valums

In the top right corner, cuts are sorted by events or by attributes:

In thistab, minimal cuts set are sorted by attributes cutes. In

Attr.'s cuts order | Evt.'s cuts order

the example, there are 6 different attribute cuts and 2 cuts
haveonly 1 attributes (for example zone 1), 2 have 2 different Qrdecs - i - Exchaties
zZones, €tc... 2 1 3.990E-07
3 8 5.991E-09
m 4 2 1.996E-12
Total 9 1.005E-06
Orders Cuts Probabilities
; [i 5.990E-07 In this tab, minimal cuts set are sorted by events. In the
3 4 5.991E-03 example, there are 9 different cuts and 1 cuts have only 2
- 2 s events, 6 have 3 events, etc...

In the last part, the different cut is described in function of the attribute cuts selected in the table in the top left corner. For
example, If MCS is selected (in blue line), all cuts are detailed whereas if another line isin blue, only the cuts made by

this attribute cuts are detailed.

Asprevioudly, it is possible to sort the cuts by order, by order/occurrence or by occurrence .
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The Field button can be used to manage the columns displayed in the table.

X C.AA. : Manual/Attributes/C, 1-Attribute- Analysis(1.0) : Common-Attribute-Analysis = o=k
Attribute cuts Nb. Atir.'s cuts order | Evt.'s cuts order
MCS (origin) g
B zone[1] : {1} 1 Orders Cuts
A zonel1] : 2 A . :
2
. Zone[1] : {2;4} 3 2
) zone[1] : {1;4#Undef} y1 Total 6
D zonel1] : {2;3:4 2
I
Sort :by order v: //
Cut's probability Events Given laws / Event's probability  Inspected Attributes
9,9856-10 A exponential 1.000E-03 9,9356-04 'Zone[1]'=[1]
F exponential 1.000E-03 I 9.995E-04 'Zone[1]'=[3]
G exponential 1.000E-03 1 9.995E-04 'Zone[1]'=[3]
9.985E-10 B exponential 1.000E-03 ¥ 9.995E-04 "Zone[1]'=[1]
F exponential 1.000E-03 9.995E-04 'Zone[1]'=[3]
G exponential 1.000E-03 9.995E-04 'Zone[1]'=[3]

5.1.6. Minimum equipment list computations (MEL)

The computations after first failure are done to make easier the building of the M.M.E.L (Master Minimal Equipment List).
At first, anominal minimal cut set computation is done (see Section 5.1.4, “Minimal cut set calculations (MCS)”). Then
several minimal cut set computation are done, each time with one basic event set to its fail state (true state) and the others
set to their nomina state (which can be any state different as the normal one).

The computation after first failure can be launched in the menu: FaultTree-Compute after first failure:

Event global list k
% Mominal compute Ctrl+Alt+C
% Compute after first failure  Ctrl+Alt+M

The following window appears in order to set-up the calculation:

-
‘i Compute after first failure | B |
Compute cuts —— 1
| Elumitat [3 ordler |

Pessimistic approximation (time saving)

[ Compute probabilities ———

| Time |1 vhh_:U v:min:U - | sec

- [] Events list ———

[T Reference calculation (to be stored in the application)

The settings are the following:

e Limit at option permits to choose the cut set maximal order (in order to limit calculation to the selected order);
» Select the Pessimistic approximation (time saving) option in order to save a large amount of time (this option is
described further in this section);
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« Several type of calculations can be performed.

:Max Risk Approach (via BDD) v:

No probabilities compute

Max Risk Approach (via BDD)

Using sum of minimal cuts

Average Risk Approach

[Average Risk Approach for critical system

No probabilities compute: to have results without probabilities;

Max Risk Approach (via BDD)

Using sum of minimal cuts: Max Risk Approach (viaminimal cuts)

Averagerisk approach
— Averagerisk approach for critical system
For more informations about these types of computation, see Appendix B, Probabilities computations.

» Timepermitsto specify aduration (in hours) for thetime, in case when some probability lawsfor tree basic events depend
on the time factor (i.e. Exponential law);

If Eventslist is checked, calculations will be performed only in the eventslist loaded by the user using theE] button.

» Reference calculation stored the calculation in the databased. If this option is checked, if there are any modifications on
the model, user can display the results using the compute windows.

* Click onthe OK button to launch the calculations.

Theresult isvisiblein the MEL tab:

=5 Compute after first failure : Manual/Centrale/centrale(1.0) : Undesired_Event = B |3
Events MEL probabilities Factor order 0 order 1 order 2 order 3 order 4 order 5 order &

[Meminal] 2.669E-04 = 0 2 3 2 0 3 2

Barrel 1.000E0D 3.747E03 1 0 0 o] 0 0 0 -

Earre3 1.000EDD 3.747E03 1 1] 1] o 1] 1] 0

BK1 e = = 0 0 1 0 0

B3 _iITrEiWLth one cut oflordjr(] (Top event always true). | a 9 1 a i

Secu 2.002E-01 7.502E02 [u] 3 a o] 1 a ]

Kib 3.668E-04 1, 374E00 0 2 4 1 "] 4 1

K1h 3.668E-04 1.374E00 0 2 4 1 1] 4 1 =

K3b 3.668E-04 1.374E00 [u] 2 4 1 a 4 1

K3h 3.668E-04 1, 374E00 0 2 4 1 "] 4 1

Oop 2.945E-04 1.103E00 0 5 2 0 1] 1] 0

BK2 2.669E-04 1.000E0D0D [u] 2 3 2 a 3 2

BP 1 2.6659E-04 1.000E00 0 2 3 2 3 2 2]

EP2 2.609E-04 1.000E00 0 2 3 2 3 2 0

EP3 2.669E-04 1.000E0D0D [u] 2 3 2 3 2 ]

BP4 2.6659E-04 1.000E00 0 2 3 2 3 2 2]

Barra? 2 FROE-N4 1 NANENN il 2 E! 2 i E! 2 h

Max Risk Approach (via BDD) ; 2.000E00 [ Per flight hour

The result window shows a table composed of several columns. It contains aline per basic event. Each of these lines means
the result of the minimal cut set computation with the;corresponding event set to the fail state (true state). The meaning of
the columnsis as follows:

+ 1% column; Basic event name;

» 2™ column:MEL probabilities;

« 3" column: Factor (%) corresponds to the MEL events probabilities divided by the MEL nominal probability;
From the fourth column: Minimal cut number for the order indicated by the column header |abel.

Theredlineindicatesan error. When the mouseison thered line atooltip appearsin order to describethe problem at the user.
Results can be reduced to one flight hour using the dedicated check box (see Section 5.1.7, “Reduce to flight duration™).
Pessimistic approximation (time saving) (only if calculation islimited at X orders) option.

This option does the following steps:

* Launch a nominal computation on the edited tree at the order N+1, where N is the order indicated in the Limited at
option field;

« Build atree representing the logical disjunction of the minimal cut sets obtained by the previous computation;

» Launch acomputation after first failure on this built tree.
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Using this method, although the computation results are not correct, the pessimistic approximation obtained is sufficient in
some situations and then allow precious time savings.

5.1.7. Reduce to flight duration

Results can be reduce per flight hour. In this case, the results are divided by the calculation time to be referred at 1 hour.

Thisoption isavailable in 4 several windows:

 Input areaview;
e Eventlist;
* MCSresults;

* MEL results.
W Tree: Water sourceWaser Tank/Water Siwngtan 2D [ G| | ¥ Tree: Water source/Water_Tank/Water_disruption:2) (=8 ol =)
e T E
’ B events | el vent 1|st
o At b A|fxi 8 ey P Iﬁg'ﬁm vents | Compute configurations| R e
] [a » A | oty ez | Perlightm] [ Fes ]
| lnpm: ditd Events Defition Given laws state
HHL sensor faied active |- ' L.9D00E0S Mormal
HL sensor failed nactive |- exponential 3.8000E-05 Hormal
Input Valve 1 faied stu... |- exponential 5. 7000E-05 hormal |
Enput Vahve 1 unable to ... |( Tnput Valve faied stuck dosed’ | ... - - |
| [Input Vabve 2 faied stu... |- exponental 5. 7000E-05 Mormal|
Input Vahre 2 unable to ... [ 'HHL sensor failed active' | Trput va... |- -
| [Input Vahoe 2 was com... |{"Tnput Vatve 1 failed studk open’ |'H... - -
[ [Input Vishee 1 faded stuc... |- exponential 5. 7000E-05 Mormal
Enput vahve 2 failed wh... |("Tnput Valve 2 failed stuck dosed &'...|- -
11 senenr Faled Artive evnonental 100005 el
4 m L3
i) i)
T Commpite after Hist Falre. < Wates solrce/Wate Tank/Wates ssuption(2.0) - Water disnigkion o | @ | 12 | |7 Nominsl compute : Water_source/Wtes Water din. [ | B i
14| [ nfermanons : .
Events M.EL. probabities Factor der 0 order | onder 2 | Probiskiitie | L7510
| (Rominat) 2E50¢ 04 c “% 3 3 b ‘;‘:-"“1’*‘* e
HL semsoe faded active 1.000E00 3.508E03 o a e = .. 1
Tnput Vabve | faed 520k cosed 1.000500 3.508603 ] ] || P name water dervpton B A(CC Faciplg ] | okn o Gt
Senso Tbied bctive | LOEDN 3,506603 0 u || Mosalon -1 20 P 1| 47004
ot e 2 o e e £83ED 235500 o g o Root | Water_chrupton (2 3 jieeEar
P Pk racive T s L5300 o . ] ey [ Tow | & _amEs
Input Vabve 1 foled shuchopen. | 43504 1559600 o 3 1 | ¥
L sensor faled nactive 4.55% 04 1559600 [ + | a | - v BODY
L1 TN 2 per b (o] |
W Rusk Acproach v 500) ; 3000600 MEL results | Z.Z’«Mthul [ oo, [} s sk appronch (0 900) £ 5,000500 Cuts: 5 (ATSEDY
ooz ] (o]

In the Project properties, User can define the average flight duration.

Compute | Criticity | General

Compuhe probabilities —
Ty'pe Max Risk Apprcadﬂ (wa BDD}

énverage flight duration |5 + | hh 0 v | min 0

x| SEC

In this case, even if the calculation time is more or less than the average flight duration, when a reduction per flight hour
is asked the the average flight duration is considered and to have the reduction the result is divided by the average flight

duration.
Order Order
Orders Cuts Probab... Orders Cuts Probab...
1 0 - 1 0 -
2 6 1.263E-06 . 6 p 2 SI96F.07
Total B ! 1.263E-06 IT | 6 |[|2.526-07]}
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5.1.8. List of errors

Thelist, specific for each opened tree, displays any potential errors which may have been detected during opening of atree:

« Detection of inconsistencies between tree events and associated sub-tree events;

« Detection of absence of sub-trees linked to the tree to be opened;

 Detection of access problem to one or several sub-trees associated to the tree to be opened;
« Detection of no existence of attributes associated to some events in the tree being edited.

If one of these errors occurs during tree opening a message appears.

5.1.9. Sub-Tree

Sub-trees allow to cut a study/a tree in different part. They also have the advantage to be able to be used in different trees
(that can be effective to avoid the duplication of common tree to various undesired events).

So that the user can connect a sub-tree to amain tree, it is necessary:

1. Create atreein aclassic way which will correspond to the sub-tree;
2. Create an event in the main tree which will have the role of connector with the sub-tree;
3. by aright click on the event, select Convert in link with sub-tree.

Ewtll

Undo

o

Redo

Top event

Up

Down

B oy o,

Rename

Editicn

Ctrl+Z
Ctrl+Shift+7

Down in ancther view

Convert in terminal event

Convert in intermediate event

Conver‘tl'ﬁ link with sub-tree

The following window appearsto select the sub-tree.

Mominal cormpute

Compute after first failure

[ |

&4 Edition of a variable link to a sub-tree

L

Mame Ewtll

bEETEy Generic valves

Link to sub-tree

& Choose event model |

23 Water_source
Water_Tank
Water_with_Sub_trees
&P Fault-Trees

P overflow

[SubTree] Top event: Valvel sub_tree

Extension for generic tree |y

_with_Sub_trees/Valvel sub_tree;1.0 o =

? Valvel_sub_tree

o
P20
+J? Water_disruption
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In the event list, event in red are sub-tree events (see Section 5.1.3, “List of events”).

| o \ﬁewl Events | Compute mnﬁguraﬁons|

:\AII - | Filter Quantity 12 on 12 [ Per flight hour
Events Definition Comments Given laws State Sub
Evt1l ('Input Valve 1 failed stuck open’ | 'I... |Generic valves - - Wat »
Evt12 - - MNormal
Evt_1 - My event Evt_1 exponential 1.0000E-03 Mormal
Evt_2 (Evtll|Evti2) - -
Evt_3 - - Normal
Evt_4 - - Mormal
Evt_5 - - MNormal
HL sensor failed inactive exponential 3.8000E-05 MNormal
Input Valve 1 failed stu... |- exponential 5. 7000E-05 MNormal
Input Valve 1 not comm... |('HL sensor failed inactive' | 'LL senso... -
LL sensor failed inactive exponential 3.8000E-05 MNormal

MyFirstTree (Evt_1&Ewt_2 &Evt_3 &Evt_4 &E...

Unwanted event apparition

4 1

Inthisfirst example, a sub-treeislinked to the fault tree but if several events are connected to the same sub-tree, the basics

events are the same in each part.

To consider diffent events, it is necessary to consider the events in the sub-tree as Generic (see Section 5.1.2, “Events

edition”).

When done, one can link the sub-tree and define a suffix that will be concatenated to the name of events (intermediate and

undevel oped) that were tagged as generic.

& Edition of

a variable link to a sub-tree

Neme

Description

Extension for genesic tree | g

[evt11

Generic valwves

Link to sub-tree

Water_source/Water_with_Sub_trees/Valvel sub_tree; 1.0

[SubiTree] Tom ausn

§.87E5E08

m

ﬁ‘geu View Ewvents | Compute oonﬁgurah'ons|
[ Per flight hour
C T
Evtll
Gemeric valves
< m
Save
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Using the button, user can see the sub-tree. Events which made of the sub-tree are displayed in blue with the chosen

suffix by the user.

[ Per flight hour

P Tree: TreeCreation/Tree_A/MyFirstTree:2.0 = [ (i
o View Events | Compute conﬁguraﬁons|
4 Level [ +

T

Ewtll

Generic walves

T

Ingnrt

Walwe 1 not commanded to clpse ]

.
<> <>

m

Save Close

5.2. Common Cause Failure (CCF)

The common cause failures (CCF) are a sub set of the dependent failures. These are failures with the same origin,

simultaneous of two or more components technologically identical, in a same system.
CCF groups are managed in the Other s tree structure (see Section 3.1, “Technical object edition” for creation).

User's Manual - Version 6.1 - 2022

50/ 265



Cecilia-Workshop

CCF groups are associated to basic events. So, a CCF group manager window is associated to each open tree.

B CCF _Valvesil E=HE=E =
Name |CCF_Valves Version |1

Description

CCF used for all the walwves

Mode!

Type of model Beta model -
Beta 0.02

Law

Law Exponential - D
Parameters

Lambda | 1e-7 - LJ -

When the CCF object is created, the setting is the following:
» Description: CCF group description;

e Modd: the three possible Type of model are implemented: Beta factor (Beta), multiple Greek letters (MGL) and the
Alphamethod (Alpha). When the typeis selected, it is necessary to imput the associated parameter;

» Law: fields which define the CCF probability law.

Click on the Save button to validate.

5.3. Dependable System Faults (DSF)

During the devel opment of a complex system, one have to split the overall system is sub-systems that can be managed by a
team. Asthese sub-systems are not isolated from each other's but are more or less intricate, sharing some devices, one being
supplier one from the others, it is sometimes difficult to assess the safety of one without considering the other ones.

The DSF is an object that can be either afailure rate or a tree depending on user's selection. DSF is especialy convenient
to allow one sub-system supplier to work considering the failures of the sub-system inputs (power, data...) while the system
at the input is still not sufficiently defined to provide a consistent tree of the input failure.

This allows to either isolate sub-systems from each other's or interconnect them when they provide the sufficient level of
maturity (depending on user's choice).

A DSF can be created in the Projects tab after creating the necessary tree (see Section 3.1, “Technical object edition”.)
Create aDSF asfollows:

& Projects Equipments
{3 DSFCreation A

...... re|osF Al
Add project

m

Add -> Model
Add -> Tree
Add -> DSF
Add -> FMEA

FrRe4E O
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A DSFisonly aconnection point. The tree and the FRB objects have to be defined somewhere el se and linked with the DSF.

The DSF can be link:

& DSFCreation/DSF_A/MyDSF1.0 o =l S
Name |MyDSF Version | 1.0

Description

My DSH 4

FRE
Distribution

Family/Equipment,Function/Defect/Expanentiel; 1 E
bound-time{0.0, 48.0) exponential(FailureRate Lambda; 2')

() Inspected (7) In-flight tested @) None
Atiributes
H . e
Name Type Value
Default/Zone; 1 Enum [Zone 1
Tree
TreeCreation/Tree_A/MyFirstTree; 2.0 [I]

[SubTree] Top event: MyFirstTrea

Save Close

« WithaFRB if only adatais used (first part of the window).
* With a Sub-tree (already created) if details are provided (lower part);

J It is obligatory to connect a DSF to a FRB but not to a Fault Tree.

Computing with DSF

After creating a DSF, it must be linked to an event using B as made for a sub-tree.

r ™
& Edition of a variable link to a sub-tree |_§§ J
Name A
Deswiption |pyent link to a DSF 2

Link to sub-tree

D5SFCreation/DSF_A/MyDSF; 1.0 i
[DsFY

Extension for generic tree

When willing to compute a fault tree which referenced DSF, the user can select the computing options (selection between
the FRB and the sub-tree) in the DSF tab of the compute window:

« InFault tree, select Compute configurations;
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« Create configurations with a name and a type of DSF used (FRB or Sub-tree);

B, View I Events | Compute configurations

Mame Configurations

MyConfiguration Computation configuration

‘& Compute configurations

)| Mame |MyCunﬁgurah’un

Comments

Computation configuration |

DSF | ccF
DSF/Event tree FRB SubTree
DSFCreation/DSF_AMyDSF; 1.0 ]
6 = = 7
s
1= e ) G ) = ) J
Mame ‘Mycanﬁguraﬁon |

» When user starts computation (minimal cut set, compute after first failure), a pop-up alows to choose the configurations
used for calculations.

=
Choose initizl configuration (5] |

Configuration of compute

s s

ﬂ Note that the user can perform its selection and save it to ease future computations or to allow batch computing.
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6. Model-Based Safety Assessment (MBSA)

6.1. AltaRica - Support language for MBSA

6.1.1. Historical

CeciliaWorkshop is a model-based safety assessment platform based on the Altarica language. AltaRica is a modelling
language for MBSA developed in first by the LABRI in 1999 for safety assessment of industrial systems. In 2000, OCAS
project isto integrate Altaricalanguage. And the first operational version appeared in 2001.

OCAS provides a graphical modelling environment, which allows us to describe dynamic transition systems.
Thislanguage allows:

» abehavioral description with a close descriptions studied systems;

« theintegration of the functional and dysfunctional aspects to obtain different point of viewsfor safety studies and for the
check different parameters from the same model;

« to facilitate a rigorous compilation towards the safety models (Fault tree, petri nets, sequence) and to check (Lustre,
Esterel)

Thislanguage is based on components library and the architecture is controlled by automatic consistency-control.

Moreover, the model can be validated by using step-by-step simulation.

6.1.2. Main Characteristics
An Altaricamodel is a hierarchical model. Each nodes can communicate through flows and synchronizations.
2 types of nodes exist:

« component represents a single process of the system, it cannot contain definition of others nodes or synchronizations;
* equipment represents a container for nodes; it may contain declarations of others and synchronizations.

A node is defined by:

* aname
* internal variables only visible for the node and introduced by state;

 external variables called flows which can be visible by others nodes;

« transitions which describe the component behavior;

« constraints which describe the allowed configuration for variables. This assertion links flow and state variable.

For example:
node bl ock
flow A S =true
I,AAR: bool : in; O=landR
o} : bool : out ; and A
state S: bool; o
et el | O fail (A=1e-6)
trans o
S=true |- fail ->§:= O os=tase
assert R . O=fase /
O=(Sand | and A and R); —
init S:= ;
extern
| aw <event fail> = exponenti al ( )
edon
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6.2. Input AltaRica model

6.2.1. General

A MBSA model iscreated in a Project folder.

Section 3, “Technical object” describes the creation and the operations (like rename,freeze, delete, etc...) available for the
technical elements.

6.2.2. lcon manager

Theicon manager isaccessible viathe Library menu:

C1  Add project
EH Add

F¥  Remove

B4 Edition
Properties Ctrl+I
Freeze
Cut Folder(s)
Copy Folderi(s)

0 iF =<

Paste Folder(s)

e |

The following window appears with all the icons saved in the database and which can be used inside the MBSA model.

| Icon manager EIEIE
B add @ Preview

{4 Exemples -
[+ [ bool_or.gif ‘

[£] fire_canal_t.gif

[&] fire_command.gif

[£] fire_controlcommand. gif E
[ fire_house.gif

fire_house_fire. gif

[ 1

fire_ie_no_control_fire, gif

[ fire_ie_noevent.gif

[£] fire_ie_untimely_shower,gif

[E] fire_pump.gif

- [g] fire_pump_fail.gif &

Close

The icon manager alows selection of the icon(s) which graphically describe(s) the component behavior during the
simulation of the architecture system:

* Intheleft part, thereis a preview of the icon.
 Intheright part, thereis the directory and icon manager:

At the first launching, Icon manager is empty, to create new icons library click on theEH icon.
A new windows appears to type the name of the new library, e.g. "MyFamily" and a comment.

& Icon manager o (B S
-_-= Preview
| 5
N _1 Create a new family L 2 |
k)
Family MyFamily
Camments
My images for my model it
\
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J A right click allowsto create new folder selecting Add family.

&l Icon manager EIEIE
e B Preview

o [Py

1 Add family| |

Add

Remaove

Freeze

Expand all

When folder is created, B icon is used to select the image.
Now, it is possible to add image in the folder using E= icon.
| Icon manager = [-E [,
== Preview
S
@ Select |___¥____i
Loak in: . Image Modele v: T o
R B Aslpng Ra GRID.png B TP.png
sl 14 Ba| CB-droite.png B LG.png B TUB.png
Documentsr... | @ CB-droite-closed.png @ line.png
B CB-gauchepng | Substation.png
E B Fail.png R TA.png
Bureau | 1 *
E: Fil : Select
Mes documents  Files of type: .Image file (*.gif, *.jpg, *.png) o Cancel

w

A window appears to select the directory in which theicon is stored and choice the desired icon.

J The last reached directory is memorized and is automatically displayed during the following selection.

If animage with an existing name is already |oaded, user can choose if it isanew version or an update of the current image.

Management of conflicts w

% Thereare at least 1 name's conflict.

How do you want to manage it 7

Create a new version

E# jcon can be used to delete an image or afolder.

6.2.3. Type management

6.2.3.1. Create new enumerate type

In order to avoid having to type variables values of "enumerated” type in the 1/O and Etat editor component model tabs,
it is possible to define enumerated typesin Library.

After creating a Family (see Section 3, “ Technical object”), a Enumer ate type can be created:

 Click on the Typestab to gain access to the list of typesin the left part of the screen.
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« Click with the mouse right button to gain access to the contextual menu or use the Library menu.
* Click onthe Add -> Enumer ate command.

= Types

{3 Example

1 Add family

I@ Add -> Enumerate I
[El  Add -> Record

B4 Remove
Properties

Freeze

Copy
Cut

0 e &

Paste

Expand all
Export

« Inthe Type editor window and in the Type name field, type the name.

-
bl Create a new enumerate type | 29 J

Path MyFamily MySubFamily

Enumerate |NewEnumerateType

Comments Access rights

-

Creation of an enumerate type

-

kL |

» When the technical object is created, a double click on its version value allows to set up the enumerate type.
In the Name field at the bottom of the window, type a value name.

&1 MyFamily/MySubFamily/NewEnumerateTypel = EE R X

General | properties

Type name |MNewEnumerateType

MName
Ok

BN

| Name |Erroneous

= This button can be used to add a new item.

ﬂ It is also possible use the Enter key.

X This button can be used to cut or delete an item.

To move downinthelist.
Tomoveupinthelist.
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In the Typestab in the left part of the screen, the enumerate type isindicated by the i symbol.

6.2.3.2. Create new structured type

The structured type allows the transit of several flow information variables through the same link. In the Altaricamodel, the
enumerate type isalist of values for avariable (of state or flow) whereas a structured typeis alist of flow variables.

Theuse of structured types allowsthe regrouping of several flows (information flow variables) on one bus and thusto reduce
the number of graphic linksto createin order to connect the components (equipment) during the edition of the architecture
system. Only the flow variables (in or out) can be declared with this type of structured field (the state or local variables
don't have any access).

After creating a Family (see Section 3, “ Technical object”), a Record type can be created:

 Click on the Typestab to gain access to the list of typesin the left part of the screen.
« Click with the mouse right button to gain access to the contextual menu or use the Library menu.
» Click on the Add -> Record command.

= Types
a Example
[ ar‘

1 Add family

El  Add -> Enumerate
=l Add -> Record

EH  Remove
Properties

Freeze
Copy

é{; Cut

B Paste

Expand all
Export

* Inthe Type editor window and in the Type name field, type the name.

r n
2l Create a new record type =

Path MyFamilyMySubFamily

Record NewRecordType

Bk Access rights

Creation of a new record type e

» When the technical object is created, a double click on its version value allows to set up the record type.
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In the Name field at the bottom of the window, type a value name.

=l MyFamily/MySubFamily/NewRecordTypel o =B |3

General | Properties

Type name  NewRecordType

Mame Type Orientation Cross field

State MyFamily MySubFamily NewEnumerateType; 1 normal

(&) (@) (1] 3]

Mame | Work

R -

The following icons are used for creating atype:

[ This button can be used to add a new item.

[=]

J It is also possible use the Enter key.

This button can be used to cut or delete an item.

To edit aparameter typeif it is predefined (or double click with the mouse right button in the Type cell of
the selected line),

To move down in thelist.

Tomoveupinthelist.

Bl 7T

In the Type menu, select the new type.

Click on the Assign button to modify the parameter type, if necessary; the typeis displayed in the Type column.
Click in the Orientation column; select the orientation: normal or inverse.

Click in the Crossfield column which is used to show a bidirectional flow

Component_1 - - Component_2

Type the desired cross field and validate with the Enter key.
Transcription in Altarica code:
The definition of the structured type flow generates two connection studs:

1. aportin;
2. aportout .

Each connection stud is composed of n fields (flow parameters).

In general the field has the same orientation as its reference stud. With the clause inverse we can specify if the fields of the
stud in or stud out have an inversed orientation.

Thefigure below specifies the various relations of possible equality between the fields of the stud out and stud in according
to the crossfields and orientations defined for the flow parameters (A, B, C, D).

¢ Case 1: A data structure with direct assignments;
e Case 2: A data structure with cross field assignments;
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» Case 3: A data structure with inversed and cross field assignments.

Case 1 Case 2 Case 3
] | ]
A A A A A A
B m—* B B >-<: B B >—< B
C /m* C C C C C
D /D D >< D D >< D
L | L

In order to simplify the Altarica code interpretation presented below, the equality relations are oriented and thus defined
using the assignments.

To accessthe typefield, the character is" "

limk link limk
flow A, B, C,D : int ; flow A4,B,C,D : inkt ; flow A,B, C, D : int ;
assart assert inverse cut®hA; ocub®C;
in*A = cub’h; in*A = cub®B; in®B; in"D;
in™B := cut"B; in™B = cut"A; assert
in™l r= outtQ; in™l r= out"D; in™h r= outtB;
in*D = cut®*D; in*D = cut”c; out™h = in“B;
knil kil in*C 1= eub”D;
out™Z = in*Dy
knil

These commands can also be activated via a contextual menu obtained by clicking in a cell with the mouse right button.

In the Types tab in the left part of the screen, the enumerate type is indicated by the =] symbol.

Inthe list of "predefined” types, only the list of enumerate types appears (the list of record typesis not displayed)
because arecord type cannot contain another record type.

6.2.4. Operator management
Definition

The operators allow simplifying the writing of the assertions for the components within the Altarica code. The description
of the transfer function is very close to the description of a component model, with the close difference that this function
doesn't describe behavior. An operator is thus a component model which has an output flow and a certain number of input
flows, the assertions enable to define the output flow according to input flows.

The flow type variables associated with the definition of an operator are unspecified and can be structured. In this case, the
structured flow parameters should not be reversed. Moreover, equality between structured flows, takes systematically into
account the crossings defined for the structured field.

The operators can be used only within the components (or equipment) models assertion. The use of operators in
the transitions definition (Altarica code) is currently forbidden.

After creating a Family (see Section 3, “ Technical object”), a Enumer ate type can be created:
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« Thewindow Operator editor is displayed; it is composed of 3 tabs:

Zl MyFamily/MySubFamily/MyOperator;1 o [ |
General | Properties | Altarica code|
Mame : | |MyOperator
Operands
MName Type
MyOperator baol
) (@) [1][+
Name
Type :bool v:
[ Save ] [ Syntax ] [ Consistency ] [ Close ]
— Generdl,
— Properties,
— Altaricacode.
6.2.4.1. General tab
2l Exemples/Fire/OpWater1 e |=El [
General | Properties | Altarica code
Mame : |OpWater
Operands
MName Type
CpWater [1,2]
e {no_water, water}
») @[]+
Name
Type :bool v: s

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

In the General tab carries out the following operations:

« Inthe Name field (at the top left in the tab), type the operator name, e.g. opWater.

J In the Operands area, the first line is dedicated to the operator result and the first operand has always the same

name as the operator; thisfirst line cannot be removed.

* Inthe Namefield at the bottom left of the Operands area, type the operand name.

» Usethe Type menu and define the operand type.

« To modify the type of an existing operand, select it and click on the Assign button.

J The type of an operator or of one of its operands may be arecord-type if the parameters of this type are neither

crossed over nor inverted.

B This button can be used to add a new item.

J It is also possible use the Enter key.
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selected line),
To move down in thelist.

Tomove upinthelist.

Bl 2"

6.2.4.2. Properties tab

This button can be used to cut or delete an item.

=l Exemnples/Fire/OpWater,1

| General| Properties | Altarica mde|

[=[o ==

Created at : 5/30/08 3:25PM
Modified at : 5/30/08 3:26 PM - admin
Version : 3

Comment: |7se in 'Incendie fire' example

4| n | 3

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

« The Propertiestab allows visualization of the model properties:

— Creation date,
— Last modification date,
— Version.

» The Comment field allows the filling of a comment describing the operator function.

6.2.4.3. Altarica code tab

T ErempIsyFar e OpWaTeR T e EE@

Code | Operators

BBsRBRICSHQRAE

fune Op\Water

flow

OpWater : [1,7] : out;

e : {no_water water} : in;
assert

(if e=water
than Op\Water=2
efse OpWater=1

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

The Altarica code tab contains:

To edit aparameter typeif it is predefined (or double click with the mouse right button in the Type cell of the
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* Anicon bar:

Undo
Cut Redo Zoom

vy ;
BYBIY M QD
P X N

Copy  Paste Search Display generated
External Clauses

« A display zone (non editable) for the operands and their types. The Altarica code displayed in this zone has been
automatically generated from the information filled in the General tab.

This generation is done as following:

« Creation of an output flow variable carrying the operator name,
* Creation of input flow variable for every operator operand,
» Thisend of definition isindicated by the key word assert.

A zone for typing the operator Altarica code. The Altarica code syntax of an operator is identical to the component
assertions (see . Appendix E, Language AltaRica ).

»

func Op\Water

flow

OpWater : [1,7] : out;

e : {no_water water} : in;
assert

m

»

(if e=water
then Op\Water=2
olse OpWater=1

1

The assertion must specify the result of the transferred function, namely the assignment of the exit flow variable associated
with the operator (OpWater) according to the entry variables.

J Operators can be used to define the script definition of another operator.
If operatorsare used in Altaricacode, Operatorstab isaccessible. It allows selecting operator family and operator version,

if different operators have the same;name. If there is no ambiguity, the only family containing the operator is selected
with the last;version.

= Exemples/Fire/Shower1 EIEIE
| General | 1o | States | Events | Icons| Altarica code |
Operators
Mame Operator
OpWater Exemples,Fire/OpWater; 1
i
&%, Choice operator !__sg_l
{3 Exemples
-3 Fire
= [ Opwater
e
(2 MyFamily
[(save | [ symiax | [ tomseerrprewe—g—
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When the typing is done, click on the Syntax button in order to carry out the syntax control of Altaricascript. In the event
of detection of syntax error, an error window appears describing the error and indicating the associated script line.

The most common syntax errors are:

— A typing error in the Altarica code, creates afalse identifier that doesn't correspond to the text in the header dedicated
to the display of variables specified in the tabs.

— Assertions define assignment of variables of different types (two types enumerated differently, one type enumerated
with Boolean...).

— Click now on the button Consistency in order to carry out the consistency control of Altarica script defined for the
transfer function associated to the operator.

In case of detection of consistency errors, an error window appears describing in aprecise way the consistency problems
detected on the Altarica code.

The most often consistency errors detected are:;
Existence of a combination of operands values (input flow variables) for which the result of the operator is not
defined.
Existence of a combination of operands values (input flow variables) for which the result of the operator (output
flow variable) has 2 different values.

6.2.5. Component management

A component model under Cecilia-Workshop can be considered as a flow processor which:

has an interna state;
reactsto events;

receives and/or send information through (1/0) interfaces which enable him to communicate with other components (by
flow propagation).

When an event occurs, the component determines the internal change of state induced by his release, and the new flow
values emitted by its interfaces.

The editor model for the component model allows the user to describe his mechanisms by the means of the following tabs:

The General tab (See Section 6.2.5.1, “General tab” ) allows to fill the general information associated to the model.
Thel/O tab (See Section 6.2.5.2, “1/0O tab” ) allowstofill thelist of theinformation flow variablestransmitted or received
by the component.

The Statestab (See Section 6.2.5.3, “ State tab” ) allowsto fill the list of the component state variables characterizing the
various states of the component: functional or dysfunctional;

TheEventstab (See Section 6.2.5.4, “ Eventstab” ) allowsto specify the events on which react the component (phenomena
modifying the intern state of the component).

Thelconstab (See Section 6.2.5.5, “Iconstab” ) allowsto specify the graphic representations corresponding to the various
states of the component (used during the graphic simulation of the system).

The Altarica code tab (See Section 6.2.5.6, “Altarica code tab” ) allows to specify the state changing conditions of the
component and how the information flow propagation is carried out in each one of these states.

When the model created is saved, it is automatically inserted in the administrator (al phabetically) as well as his version.
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6.2.5.1. General tab

= Exemples/Fire/Sensor1 = X
General | 1o | States | Events | [23] Icons | Altarica mde|
Name : Sensor
Width : 22
Height : 34
Icon file:  |Exemplesffire_sensor.gif;1 E
[¥] Draw border
'Z Move ports automatically when compenents are reshaped
Resize

Properties

Created at: 5/30/08 3:19FPM

Modified at : 4/18/19 3:18 PM - admin

Version ; 4

Comment ; Use in '"Incendie fire' example.Cecilia

I Save ] I Syntax ] I Consistency I I Close J

The General tab allowsthe following information to be typed in:
« Name: type the model name,

In order to save the model, the name is the only obligatory field.

« Width: Il (icon width default value),
< Height: hh (icon height default value),

Icons areimage filesin "*.gif" or "*.jpg" format.

» Tick Draw border to display or not the border associated to the icon.

« Tick Move ports automatically when components ar e r eshaped.

 Click on the Resize button to validate, if necessary, theicon larger dimensions.
* Comment: fill the comment describing the created component.

All the model editor tabs contain four common buttons:

» Save: alows storing of all typed information,

« Syntax: allows a syntax control on the Altarica code,

» Consistency: alows a consistency control on the Altarica code,
* Close: alows closure of the model editor.

Two icons on the top right hand side allow window size modification:

* = : to reduce the wi ndow;

* [[E : to extend the window.

I con file: the E button enables selection of the icon to be assigned to the model.
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J A component may be un-modifiable, It happens when another user as locked this component, or if component is
opened from the simulation view. In these cases, the Save button is replaced by a Save as button

= Exemples/Fire/Sensorl (read only)

F=5Ees
General | 110 | | States | Events | [zZ] Icons | £7 | Altarica mde|
Name : Sensor
width: |22
Height : 34

Icon fle : | Exemples/fire_sensor.gif E

(@) Draw border

(@ Move ports automatically when components are reshaped

Properties

Created at: 5/30/08 3:19 PM - admin
Modified at : 10/6/15 12:18 PM - admin
Version 1

CrmEnt: Use in "Incendie fire' example.Cecilia

Save As H Syntax H Consistency H Close ]

Save as @I

Save Exemples Fire /Sensor as :

Family name
Sub-family name :Fire

Model name

The Save As button is available in models Editors as soon as models can't be modified
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6.2.5.2. 1/O tab

Thel/O flow variables are the support for the information flows exchanged between the different components of the system.

= Exemples/Fire/Sensorl

General| ("] 1jO | States | Events | Icons | Altarica code|

=1 EoE

-
Mame

S

Type
{normal incendie}

Orientation

out

X

11

¥

0

=

{normal incendie}

in

10

34

4 3

MName |other

Type bl +| Orientation :in v:

(o = L N

¥

|

enum
bound

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

Logs

predefine
int
float

* Inthe Namefield, type the I/O name.

» Use the Type menu and choose the variable type:

— booal : boolean variable, containing the constants true and fal se;
— enum : enumerate variable; values must be separated by commas without spaces, e.g.: null,low,high.

J The "space” character is forbidden when keying in the enumerate variable.

— bound : variable whose val ue varies between a minimum value and a maximum value,

— predefine : predefined typein library
— int : integer variable
— float : float variable

Click on the B icon or the Enter key; the 1/0 appears on the component border (the default type is "bool").

The line corresponding to the typed I/O is added in the I/O table with the following information (Name, Type, Orientation,
X,Y); X and Y indicate the coordinates of the input (in) or output (out) port location on the icon with respect to an origin

at the top left-hand side; the default orientation is"in".

To modify the orientation of an 1/0O, click with the mouse left button and then the right button on the Orientation cell; in

the pull-down menu, assign the flow orientation (in or out).

Position the 1/0O on the model by clicking on the corresponding icon:

Top: = icon;
* Down: & icon;
* Left: ' icon;
* Right: & icon;

J Aninput isidentified by awhite rectangle and an output by a black one.
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Repeat the same procedure for any additional 1/0.

If necessary, select the 1/0 and click onthe # icon to delete any selected 1/0

Three other icons are available:

n This button can be used to add a new item.

It is also possible use the Enter key.

This button can be used to cut or delete an item.

To movedown in thelist.

Tomove upinthelist.

To edit the properties of the selected event.

*BIE"

If an I/O is selected, the I/O added with the B icon is positioned before the selected 1/0. If no 1/0 is selected,
the 1/O is positioned at the end of the list.

To modify the type of an existing 1/0, select the 1/0O; choose the type and click on the Assign button; the type corresponding
to the selected 1/0 is updated.

6.2.5.3. State tab

= Exemnples/Fire/Sensorl = CIE X
General | (7] 1/0 States | Events | Icons | Altarica oode|
Mame Type Walue
active boal false
status {ok,no_ok} ok

ERENCNENE

MName

Type :bool v: Value :false v: Assign

I Save ] I Syntax I I Consistency I I Close J Logs

The States tab allows typing of a component states:

< Inthe Namefield, type the name of the state variable.
* Usethe Type menu and choose the variable type:
— bool: boolean variable,
— enum; enumerate variable, e.g. ok,falure,
— predefine: predefined typein library. For the version 3.0 only the enumerate types must be used for the state variables.

* Click onthe E icon or the Enter key.
As shown in the previous figure, the state is displayed on a line which indicates: its Name (Status), the values domain

of its Type (OK,KO) and its default Value (OK). The OK value is the one taken by default before the simulation, during
theinitialization of the state variable.

If one of state variables is selected, the added state variable (with the Bl icon) is positioned before this selected
variable. If no state variable is selected, the added state variable is positioned at the end of the list.

To modify the type of an existing state variable, select the state variable: select a new type for this variable and click on
the Assign button to associate the selected type to the state variable.
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To modify the name of an existing state, click on the Name cell and modify the name and validate with the Enter key.
Click on the Value cell of the selected state variable to modify, if necessary the default value.
Three other icons are available:

« Edit the preset type of the state variable: use theicon E. or do aleft double click on the cell Line Type of the selected
state variable,

« Moveto thetop of the line of the selected state variable: <+ icon;
« Moveto the bottom of the line of the selected state variable: & .

6.2.5.4. Events tab

= EBxemnples/Fire/Sensorl =nEa] @
| General | 110 | Smtes| ¥ Events Icons | Altarica code|
Mame Comment FRE Given laws Insy
exponential(D.001)
[ untimely_active - exponential(D.001)
4 1 | 3

EAIENIENEA]EY

| Mame | failure

The Eventstab allows typing of component events:

« Inthe Name field, type the event name.

« To modify the name (or law) of an existing event, double click on the Name (or Law) cell; modify the name and validate
the new name (or law) with the Enter key

J If an event is selected, the added event is positioned before the selected event. If no event is selected, the added
event is positioned at the end of the list

B This button can be used to add a new item.

J It is also possible use the Enter key.

3 This button can be used to cut or delete an item.

To movedown inthelist.
To moveupinthelist.
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2y To edit the properties of the selected event.

-
&4 Edition of events properties

Comments Distribution
@ Law (&) FRB
Law :Exponenﬁal
Farameters
Lambda |0.001
Attributes
EEE
Name Type Value
Default/alias; 1 |A|ias |
Default/\Weight; 1 |Number |2. 3
() Inspected () In-flight tested

(@ MNone

Thiswindow is described in Section 4, “ Common approach”

6.2.5.5. Icons tab

= Exemples/Fire/Sensorl

[E=S Eoh

| General | 1o | States | Events | Icons | Altarica code|

.. Icons

= [oemples |

[ bool_or.aif

[£] fire_canal_t.gif
[ fire_command.gif
[£ fire_controlcommand. gif

[& fire_house.gif
[ fire_house_fire.gif

[ fire_ie_no_control_fire.gif
[£ fire_ie_noevent.gif
[ fire_ie_untimely_shower.gif

B %]t [¥

[ fire_pump.aif

1 T8l fer muiren Fmil i

HEBE

»

m

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

The Icons tab allows selection of the icon(s) which graphically describe(s) the component behavior during the simulation

of the architecture system.

In theright tab, there is the icon manager described in Section 6.2.2, “lcon manager”

In the left part, thereis a preview of theicon used in theitem.

e Toadd aniconinthelist:

— Select the desired icon in the icon manager.

Click on Bz to transfer the selected icon from the right to the left part of the tab which displays at the end of the list

the icon number (used in the Altarica code), and the icon graphical representation

* Clickon & toremove the selected icon from the |eft side of the tab.

* By using thetwoicons ( 4 and <% ) we can move the selected icon upwards or downwards and thus modify the

sequence order in theicon list.
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Within the Altarica code, the icon displayed for a given state is identified by a number. Thus, modifying the icons
order in thelist induces indirectly a change of icon in the Altarica code.

The selection of the icon graphical representation or its number in the left part of the tab, automatically selectsin
theright part of the tab the name of the icon in the corresponding directory.

When the component doesn't change its graphical representation, do not create icons in the icons tab: select the
icon only in the General tab.

e @ >

J It is recommended that all the icons of the same component have the same size during the graphical simulation
of the state changes.

6.2.5.6. Altarica code tab

— Exemples/Fire/Sensorl EIEIE

| General I 1o I States I Events | Imns| Altarica code

Code | Operators

Edit

BRBsiBIH H QAL

failure; -
untimely_active;
init

active = false;
status = ok;

- 2

trans A
status = ok |- failure -= status ;= no_ok;
~active and status = ok |- untimely_active -= active := frue;

assert
(if status = ok
then (if active = true
then s = incendie and icone = 3 |
elses =g andicone=1 L.

T

)
else s = normal and icone =2

[ Save ] [ Syntax ] [ Consistency ] [ Close ] Logs

The Altarica code tab allows writing of the Altarica code which conditions the component operation (cf. Appendix E,
Language AltaRica).

The Edition area comprises from top to down:
* Anicon bar (Copy, Cut, Paste, Find/Replace, Zoom out, Zoom in, Display generated External Clauses).
» Theinitial states display areais non-editable and the icon is used to display/mask this area.

« A datasummary area (non-editable) concerning the current component (hode name, icons used, input and output variables
aswell astheir type (boolean,...), the state variables as well astheir type, the events, icon variable [1,3]).

» The Altarica code typing area (for the assertions (assert) and transitions (trans); the typing order for these assertions or
transitionsisindifferent.

» The short cut Ctrl+<SPACE> gives access to the variables selector for the search and selection of the state variables and
the flow variables.
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In order to select avariable, proceed as follows:
— Click in thefilling zone of the Altarica code,
— Usethe shortcut Ctrl+<SPACE> to activate the variables selector and obtain the list of component variables,

— Double-click on the desired variable, the name <Variable Name> will then be inserted in the text editor at the current
position of the cursor,

— For aflow variable with a Record type, the selection of the flow parametersis carried out in the following way:

— Typethe character " (Alt Gr+<”>) following the name of the variable <I/O_Name>", (eg. eb™), to reveal thelist of
the associated flow parameters:

Exemples/fype_divers_ bus; 1

A ov2 bool
A3 bool
Aovd boal
A w5 bool

Double-click on the desired parameter, the name of the parameter will then beinserted in the text editor at the current
position of the cursor: <I/O_Name>"<Flow_Name> (ex. eb"pl).

Click on this selection using the right button of the mouse; a vertical window appears indicating the two possible
values of "state ": ok or stuck open.

The color code for the Altarica code is the following:

» Keyword (for example: trans, assert, and, or, if, then, else...): blue,
e Numerical values: purple,

* Operators name: green,

* lcons: red,

* Punctuation in bold.

If operators are used in Altarica code, Operators tab is accessible (cf. Section 6.2.4, “Operator
management”). It allows sel ecting operator family and operator version, if different operators have the same
name. If thereis no ambiguity, the only family containing the operator is selected with the last version.

Finally click on the button Syntax, to do the syntax control of the written Altarica script. In the event of a syntactic
error, an error window appears describing precisely the kind of error and indicating the line of the script.

In the event of a consistency error, an error window appears describing precisely the kind of consistency error of
the Altarica code.

The consistency problems detected are:
« Anexit flow variable is not defined whatever the internal state.
e Thereisaninterna state and a combination of input flow variablesin which an exit flow variable is not defined.

e Thereisaninterna state and a combination of input flow variablesin which an exit flow variable has 2 different
evaluations.

6.2.6. EQuipment management
The Editor model window has the following tabs:

e General,

< 1/0,

e Content,

¢ Synchronizations,
e |cons,

« Altaricacode.
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6.2.6.1. General tab

Draw border

Move ports automatically when components are reshaped

Properties

Created at: Feb 6, 2008 5:38:00 PM
Modified at : Mar 29, 2015 4:43:04 PM - admin
Version ; 4]

2l Exemples/Fire/Command_Center;1 EIEIE
General | ] 1ifo | Content | f;‘f Synchronizations | 23] Icons | Altarica code|
Name : Command_Center
Width : 138
Height : 91
Icon file :  |Exemples/fire_controlcommand. gif; 1 E

CromEes Use in "Incendie fire' example.Cecilia

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

The General tab allowsthe following information to be typed in:
« Name: type the model name,
J In order to save the model, the name is the only obligatory field.

e Width: Il (icon width default value),
« Height: hh (icon height default value),

J Icons areimage filesin "*.gif" or "*.jpg" format.

« Tick Draw border to display or not the border associated to the icon.

« Tick Move ports automatically when components ar e reshaped.

 Click on the Resize button to validate, if necessary, theicon larger dimensions.
e Comment: fill the comment describing the created component.

All the model editor tabs contain four common buttons:

« Save: alows storing of all typed information,

« Syntax: allows a syntax control on the Altarica code,

» Consistency: alows a consistency control on the Altarica code,
 Close: dlows closure of the model editor.

Two icons on the top right hand side allow window size modification:

* [= : toreduce the wi ndow;

* [[E : to extend the window.

I con file: the E button enables selection of the icon to be assigned to the model.
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6.2.6.2. 1/0 tab

The 1/O (Inputs/Outputs) tab allows configuration of the input or output flows within an equipment.

2l Exernples/Fire/Command_Center:l e =5l [
LGeneraIJ yo | Content | #7 Synchronizations | Icons | Altarica code|
o~

Mame Type Crientation X )
com_valve_2 {no_control ,control} out 122 a1
com_valve_1 {no_control control} out 108 a1
com_pump_2 {no_control ,control} out 24 91
com_pump_1 {no_control ,control} out &0 a1
detd {normal incendie} in 138 43
det3 {normal,incendie} in 138 55
det2 {normal incendie} in 138 11
deti {normal incendie} in 138 23

y ' s Oae =)t |+

Mame

Type baol v | Orientation |in - | X Y Assign

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

« Inthe Namefield, type the I/O name.
» Usethe Type menu and choose the variable type:
— booal : boolean variable, containing the constants true and fal se;
— enum : enumerate variable; values must be separated by commas without spaces, e.g.: null,low,high.

J The "space" character is forbidden when keying in the enumerate variable.

— bound : variable whose value varies between a minimum value and a maximum value,
— predefine : predefined typein library

— int : integer variable

— float : float variable

Click on the B icon or the Enter key; the 1/0 appears on the component border (the default typeis "bool").

The line corresponding to the typed I/O is added in the I/O table with the following information (Name, Type, Orientation,
X, Y); X and Y indicate the coordinates of the input (in) or output (out) port location on the icon with respect to an origin
at the top left-hand side; the default orientation is"in".

To modify the orientation of an 1/0, click with the mouse left button and then the right button on the Orientation cell; in
the pull-down menu, assign the flow orientation (in or out).

Position the 1/O on the model by clicking on the corresponding icon:
* Top: ™ icon;
* Down: &7 icon;

Left: * icon;
* Right: & icon;

J Aninput isidentified by awhite rectangle and an output by a black one.

Repeat the same procedure for any additional /0.

If necessary, select the 1/0 and click onthe # icon to delete any selected 1/0
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Three other icons are available:

. This button can be used to add a new item.

It is also possible use the Enter key.

This button can be used to cut or delete an item.

To move down in thelist.

Tomove upinthelist.

"R

To edit the properties of the selected event.

If an 1/0 is selected, the 1/0 added with the B2 icon is positioned before the selected 1/0. If no /O is selected,
the 1/O is positioned at the end of thelist.

To modify the type of an existing 1/0, select the I/O; choose the type and click on the Assign button; the type corresponding
to the selected I/O is updated.

6.2.6.3. Content tab

2l Exemples/Fire/Command_Center;1 =ROR X
General | [*] 1fo| Content f:f Synchronizations | [:3] 1cons | Altarica code|
[ BELE Z
Com_house_1
detl Det_or_1 -
- 3 g com_walwe 1
detl 1 E o 4
[ 3§ ] = I_l;“ml’—or com_pump_1 |2

=

com_valwe T

S —F ]
Com_house_I o -
. = = com_pump_ 2
det 2 Det_or_C D

‘ Comman
.

4 | m | +
Display :Nodelabels v:

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

When an equipment is created, it contains only the Input/Output nodes; the latter can be positioned anywhereinside
the equipment.

The Content tab indicates the equipment internal architecture; modelling an equipment is identical to modelling a system
architecture.

Connections between the Inputs/Output nodes of the equipment and the 1/O components it contains are identical to the
connections between components.

When equipment isindexed in architecture and has:

1. A non-empty content, it cannot be modified in the architecture,
2. An empty content, it can be modified in the architecture.

» The Layers button allows usersto control the display of different graphical elements
« The Display button alows usersto control the display of different architecture type.
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None: no name is displayed,

Node Labels: al the instance names are displayed above the components and equipment,
Link labels: the type transported by the link is displayed at the center of the link for all links
All labels: Display "Node labels' and "Link labels'.

6.2.6.4. Synchronization tab

2l Exemples/Fire/Command_Centerl EIEIE

i General | 1o ! Content

Icons | Altarica code|

Mame Type Events Comment FRE

Com_Fails CCF Fam

Com_house_2. failure

Com_house_ 1. failure ‘

(=T T | W Y

Mame

I Save I I Syntax I I Consistency J I Close I

The Synchronization tab allows specifying synchronizations whose. The activation of these synchronizations during the
simulation phaseswill allow synchronizing the occurrence of certain number of component events defined in the equipment
architecture ( Content tab).

Fill the synchronization name in the line editor of the Synchronizations area
Click on , totransfer the name in the synchronizations list defined for the equipment.

Fill in the line editor from the field Law (using a law cf. Appendix A, Laws and uncertainties or a FRB cf. Section 4.3,

“Event model (Failure Rate Base - FRB)” )

Chose the synchronization type:

— CCF (Common Cause Failure): either events appears individually (failure without common cause), or events that can
appear at the same time appear at the sametime.

— Diffusion: all eventsthat can appear at the same time appear at the same. If the event cannot appear, it will not impact.
In this synchronization type, the events cannot appear individually.

— Synchronization: events can only appear at the same time. In this synchronization type, the events cannot appear
individually.

Fill the eventslist having to be synchronized, using the line editor associated to the event zone. In order to facilitate the

filling of this assertion, the short cut Ctrl+<SPACE> gives access the hierarchical navigator for the search and selection
of component events.

Exempes/Command_Center; 1

() Com_house_2 Exemples/Command; 1
(2 Det_or_1 Exemples/Bool_Or_2;1
() Det_or_2 Exemples/Bool_Or_2;1
() pump_or Exemples/Control_ou_2;1

Double-click on the selected event; it will then be inserted in the events list having to be synchronized.
To complete the events list will be synchronized, repeat the same procedure.

During the system simulation phases, synchronizations will be added at the list of events.
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6.2.6.5. Icons tab

= Exemples/Fire/Command_Center;1 EIE'E

| General | ] ifo | Content | f;‘f Synd'1ronizaﬁons| 2] Tcons | Altarica code|

.. Icons [ Add (assodated file) 2N

=5 Exemples -
+--[] bool_or.gif E
[£] fire_canal_t.qif

fire_command.gif

=)

& fire_house.gif
[£] fire_house_fire.qif

[£] fire_ie_no_control_fire.gif
[&] fire_ie_noevent.gif

[£] fire_ie_untimely_shower.gif
[£] fire_pump.gif

[ fire_pump_fail.gif

[€] fire_pump_untim.gif

[&] fire_sensor.gif

[ fire_sensor_fail. gif

[£] fire_sensor_untim. gif

4+ E ﬁre_s!ﬂower.gif. B l

m

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

The Icons tab allows selection of the icon(s) which graphically describe(s) the component behavior during the simulation
of the architecture system.

In theright tab, there is the icon manager described in Section 6.2.2, “1con manager”
In the left part, thereis a preview of the icon used in the item.
e Toadd aniconinthelist:

— Select the desired icon in the icon manager.

Click on Bz to transfer the selected icon from the right to the left part of the tab which displays at the end of the list
the icon number (used in the Altarica code), and the icon graphical representation

* Clickon & ,toremove the selected icon from the |eft side of the tab.

* By using the two icons ( 1+ and <% ) we can move the selected icon upwards or downwards and thus modify the
seguence order in theicon list.

A Within the Altarica code, the icon displayed for a given state isidentified by a number. Thus, modifying the icons
order in thelist induces indirectly a change of icon in the Altarica code.

The selection of the icon graphical representation or its number in the left part of the tab, automatically selectsin
the right part of the tab the name of the icon in the corresponding directory.
icon only in the General tab.

It is recommended that all the icons of the same component have the same size during the graphical smulation

J When the component doesn't change its graphical representation, do not create icons in the icons tab: select the
"‘ of the state changes.
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6.2.6.6. Altarica code tab

= Exemples/Fire/Command_Center1 EIE'E

| General | 1o | Content | f;‘f Synchronizations | 23] Imns| Altarica code

Code | Qperators

Edit

Det or_2.e2 = detd ; i
Det or_2.e1 =det3 ;
Det or_1.e2 =det? ;
Det_or_1.e1 =det1 ;
COM_pump_1 = pump_or.s;
COM_pump_2 = pUmp_or.s ;

o]

»

/™ Ajout d'informations supplémentaires %
extern
nodeproperty dateModify = "2007/70/08",

m

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

The Altarica code tab allows writing of the Altarica code which conditions the component operation (cf. Appendix E,
Language AltaRica).

The Edition area comprises from top to down:
* Anicon bar (Copy, Cut, Paste, Find/Replace, Zoom out, Zoom in, Display generated External Clauses).
» Theinitial statesdisplay areais non-editable and the icon is used to display/mask this area.

« A datasummary area (non-editable) concerning the current component (hode name, icons used, input and output variables
aswell astheir type (boolean,...), the state variables as well astheir type, the events, icon variable [1,3]).

» The Altarica code typing area (for the assertions (assert) and transitions (trans); the typing order for these assertions or
transitionsisindifferent.

» The short cut Ctrl+<SPACE> gives access to the variables selector for the search and selection of the state variables and
the flow variables.

In order to select avariable, proceed as follows:
— Click in thefilling zone of the Altarica code,
— Usethe shortcut Ctrl+<SPACE> to activate the variables selector and obtain the list of component variables,

— Double-click on the desired variable, the name <Variable Name> will then be inserted in the text editor at the current
position of the cursor,

— For aflow variable with a Record type, the selection of the flow parametersis carried out in the following way:
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— Typethe character """ (Alt Gr+<”>) following the name of the variable <I/O_Name>", (eg. eb™), to reveal thelist of
the associated flow parameters:

Exemples/type_divers bus; 1 |

A v2 bool
A3 bool
A vd boal
A w5 bool

Double-click onthedesired parameter, the name of the parameter will then beinserted in the text editor at the current
position of the cursor: <I/O_Name>"<Flow_Name> (ex. eb™pl).

Click on this selection using the right button of the mouse; a vertical window appears indicating the two possible
values of "state ": ok or stuck_open.

The color code for the Altarica code is the following:

» Keyword (for example: trans, assert, and, or, if, then, else...): blue,
* Numerical values: purple,

» Operators name: green,

* lcons: red,

 Punctuation in bold.

If operators are used in Altarica code, Operators tab is accessible (cf. Section 6.2.4, “Operator
management”). It allows selecting operator family and operator version, if different operators have the same
name. If there is no ambiguity, the only family containing the operator is selected with the last version.

Finally click on the button Syntax, to do the syntax control of the written Altarica script. In the event of a syntactic
error, an error window appears describing precisely the kind of error and indicating the line of the script.

In the event of a consistency error, an error window appears describing precisely the kind of consistency error of
the Altarica code.

The consistency problems detected are;
* Anexit flow variable is not defined whatever the internal state.
» Thereisaninterna state and a combination of input flow variablesin which an exit flow variableis not defined.

e Thereisaninterna state and a combination of input flow variablesin which an exit flow variable has 2 different
evaluations.

6.2.7. Model management
The Editor model window has the following tabs:

¢ Content,

e Synchronizations,

« Altaricacode.

« Initial configuration,
* Modified Events,

e Linkscolors,

e Properties,

6.2.7.1. Content tab

6.2.7.1.1. Create a model
In order to create amodel architecture by using components and equipment in library, proceed as follows:
 IntheProjectstab, create aproject, for example"MyProject" and then createasystem, e.g. "MySystem" inside this project

(see Section 3, “Technical object”).
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» A double click in the version numero displays the work area.

5L MyProject/MySystem/Model_A1:1

=5 B =

Content | £ synchronizations | Altarica code I Initial Configurations | Modified Events | 4 Links colors | Properﬁes|

[

»

m

4

[T b

Display :Nodelabels v:

[ Save ] [ Syntax ] [ Consistency ] [ Close ]

6.2.7.1.2. Insertion of a component in the architecture

In order to insert a component in the architecture, proceed as follows:

« Click onthe Components tab and sel ect the component, e.g. "Component_A1" in order to build up the model architecture
(see Section 6.2.5, “Component management” to create a component).

« Double click on the component "Component_A1" to access the versions tree structure.

 Select the selected component version and drag and drop in the work area.

[ Cecilia WerkShop 12018 Manuall =TT
| File Library Edition MBSA FaultTree Tocls Help ]
" SHE i Rm@EMAo >~ Q& CAME (B (R AER 6w mﬂ
{ (e = = = |

daprocts | &) Equpments | (3 MayProject/MySystem/Model &1L ' Telfakm| |
L] Operators | Others | e
1 Components | @) Types Initial Configurations | @A vodfiedEvents |  &lnkscoers |  Properbes |
£ Bxaies Content £ syncheonizations [ [ Altarica code
() Exemples_Copy1 £
e T;:;»F“y | . Compomemc_A1l
=1- (3 Companent_Al =
=]
Insert with drag and %a
drop
Layers Display  Node labeis «
[[save | [ smiax Consistency | [ Close |
([0 voseazt |i
9:16 AM [ 4/19/19 fpdmn

J The same way is used to insert equipment.

When they are inserted, components and equipment are created with a default name:

» <component model name>xx: for a component name, where xx is an increasing number;
» <equipment model name>yy: for an equipment name, where yy is an increasing number.

The Edit model command starts reading of the model and enables access to the various tabs of the Model editor concerning

the selected component or equipment.
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A double click on a component or equipment allows the editing of its model without using the contextual menu.

The Rename command ( ﬂ% ) or adouble click with the mouse left button on the component or equipment name when the
Labels option of the Display menu is selected, enable renaming a component or an equipment.

Use the Display menu to define the display type:

« None: no nameis displayed;

» Node Labels: all the instance names are displayed above the components and equipment;

« Link labels: the type transported by the link is displayed at the center of the link for al links;
» All labels: Display "Node labels' and "Link labels'.

5T MyProject/MySystem/Model A1l [E=H Ea 5

[ Initial Confiqurations E Modified Events E sz Links colors E Properties

Content | f;‘f Synchronizations E Altarica code
m -

MyComnponent 1

m

-

Y -

4 11 b

Layers Display :Node abels - |

Mone

ode labels
Link labels
All labels

I Save ] | Syntax I I Consistency I I Close I

]
The Replace command ( B ) or adouble click with the mouse left button on the component or equipment name when the
Models option of the Display menu is selected, enable replacement of amodel by a model already existing in the library.

If the new model has the same interfaces (inputs/outputs with same names and types) as the previous model, the
links eventually present in the hardware architecture will be saved, otherwise they are del eted.

The Cut, Copy and Paste commands allow the corresponding operations on equipment, a component or a link. For
components and equipment, the instance name of the newly created object follows the rules of the action of adding a
component or equipment.

The Lock command enables locking of a component or of alink in architecture to avoid its displacement; the selection
edges of a component which were in red color appear grey. If in an architecture only one component is locked, unlock it
and then lock the overall architecture.

In an architecture, the equipment name appearsin bold characters which enabl e the use of the following icons or commands:

* A : move up in an architecture to display a higher level architecture;

™ : move down in an architecture to display alower level architecture;

* B move down to another view to display alower level architecture in a new window.
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Carry out the same transfer procedure for all the components or equipment making up the system architecture:

3 Examnples/Fire/FIRE:1

Content | f;?’ Synchronizations I Altarica code | Initial Configurations I Modified Events | 4&; Links colors | Properﬁes|

[P Ee

shower 1 shower 2

valve T

house_1 house_Z2

valve 1
pump_1 TE

pumE_C
EENR EENR
[ ) ] ' ] n ' ]
det_Zdet 1 det 4 det_32

e

»

m

o

Dizplay :Node labels v:

[ Sawve ] [ Syntax ] [ Consistency ] [ Close ]

Use the following design commands of the contextual menu (with the mouse right button) or the icons of the Design tool

bar to optimize the layout of components or equipment in the workarea:

* Vertical mirror: ﬂl;
. . . =1
Horizontal mirror: = ;

* 90 rotation:‘r?-.

Maintaining Left-Click on an element allows moving it into the workspace. It can also be made with the keyboard arrows

(dot par dot).

6.2.7.1.3. Link two components
In order to link two components via their communication ports:

* Click on the output black square of one and establish a link to the input white square of the other one.

« When the link is established, if necessary, click on the link and move it; this entails appearance of a breakpoint (white

color: selection and black color: non-selection).
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This link procedure checks the compatibility of the connected inputs/outputs (direction: infout; type: inverse/normal/cross
field).

Error @

V.Y
{ ) Can't connect this two ports,
4

Oncelink ismade, if necessary, click and movethelink, it creates abreak-point (white: selected, black: not selected). Create
break-point to avoid link intersection.

Click on alink and use the Link command of the contextual menu (with the mouse right button), or the icons of the Link
tool bar, to optimize the path of the links between the components or equipment:

* Direct: ™q

Right angle:uLn

Right angle from right to bottom: o
Right angle from left to bottom: [
Right angle from right to top: i

Right angle from | eft to top: B
 Possibility of positioning an arrow on a link in order to visualize the direction of a flow (2 arrows in the event of

bidirectional flow: ™",

The overall system architecture with its entire linksis displayed in the work area:

3L Examples/Fire/FIRE;1 EE@

Content | fg’ Synchronizations I Altarica code | Initial Configurations I Modified Events {;_E;. Links colors | Properh'es|

EVT
1

shower =

¥

m

house_Z

det_Zdet 1 det 4 det 3

Display :Node labels v:

[ Sawe ] [ Syntax ] [ Consistency ] [ Close ]

6.2.7.1.4. Utilization of display layers

The user has 5 display layers. Graphical objects representing components, equipment, system architecture links are put into
these layers according to display properties.

In order to put graphical elementsin the different display layer, user must proceed as follows:
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» Select the graphical element (component, equipment, link),
* In contextual menu (right click) select the layer on which the element must be put.

3 Undo

| o Redo

| Edition
A} Rename
"2 Replace

Remove

Graphics
Record
Text
Alignment
| Order
Iy Layer

=

| = Horizontal mirror

| Ak Vertical mirror

A= Rotate90®

|‘£’| Lock
& Unlock

Ctrl+Z
Ctrl+Shift+Z

F2

Delete

R e A

Calgquel |

Calqu

In order to control the elementsdisplay, the user must click on L ayer sbutton to display Definition of display Layerswindow.

5[ Examples/Fire/FIRE;1

Content | £ synchronizations I Altarica code | Initial Configurations I Modified Events I i) Links colors | Properﬁes|

[F=E e

nj ACC

L

det_Zdet 1

L

det 4 det 32

vy

m

Display :Node labels v:

[ Sawve ] [ Syntax ] [ Consistency ] [ Close ]

Withthewindow of layer definition, display priority order can be defined for the 5 layersin which the user has put equipment,

components or links.

F ™
@& Edition of layers (o]
EEMW
Number MName Visible Selected
1 Calgue 1
2 Calque 2 I
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This button can be used to add a new item.

This button can be used to delete an item.

253
=z
E To movedown in thelist.

Tomove upinthelist.

Order: the user can select the layers display priority (1:foreground layer, to 5:background layer).
Name field: double-click on the areain order to edit the layer name. The default nameis"Layer n".

Visible layers: the user can choose if alayer isvisible or not
Selected layer in architecture edition: this area is made of a check box whose selection shows the active layer choice in
edition of system architecture. Components or equipment inserted in system architecture during edition will be put on this

layer.

Thefinal system visibility is made by the 5 layers superimposition according to their priority.

6.2.7.1.5. Search a component model in a modelisation

Search for a component as follows:

» UsetheEdition - Sear ch menu or typethe CTRL + F command on the keyboard or usethe icon inthe Standard tool bar.

The Search window is displayed.

Search

=]

| Model in library
| | Modelin architecture

Model : ExemplesFire/FIRE; 1

Filter

[ Component_A/Component_A1/Component_A1;1
[ Exemples/Fire/Bool_Or_2;1

[ Exemples/Fire/Canal_TE; 1

(2] Exemples/Fire/Command; 1
Exemples/Fire/Command_Center; 1

[ Exemples,Fire/Contral_ou_2;1

m

Result of search

ocate Open Close

e Click on the Component tab and in the Filter field, type the component name as follows. <Family Name>/

<Modd_Name>

the character "*" can be used to decrease the search space (example: H*/val*) or to complete a partially-known-
name (examples: HY D*/val*, * lvalve).
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e Click onthe icon, the component searched for (or the components having a name corresponding to the filter used) is
displayed in the middle part of the window.

Search IEI

Model in i
Model in architecture

Model : Exemples,Fire/FIRE; 1

[ Exemples/Fire/Sensor; 1 i
(2] Exemples/Fire/Shower; 1
[ Exemples/Fire/Top_Event; 1
[ Exemples/FireValve; 1

Fiter BT

[Z] Exemples/Firefwater; 1 -

Result of search

(-] ExemplesFire /Command; 1 (2 instances found)
(=) Exemples,Fire/House; 1 (2 instances found)

[E Exemples/Fire fok_ko; 1 (not found)

Locate Open

» Select the searched model, click on the second icon , the search model and the number of found instances appear at
the bottom (result of search).

« Doubleclick on the model to unroll the list of model instances in the system. It provides information's about localization.

[ Com_house_2 : in Exemples/Fire /Command_Center; 1
(-] Exemples,Fire/House; 1 (2 instances found)
[E Exemples/Fire/ok_ko; 1 (not found)

4 1 | »

* Select aninstance, click on the Locate button in order to move the view on this instance.

6.2.7.2. Synchronization tab

When this menu is sel ected the foll owing window appears:

3L Examples/Fire/FIRE;1 == (&=
Content f;{ Synchronizations | Altarica code | Initial Configurations I Modified Events | 44 Links colors | Properh'es|
Name Type Events Co... | FRB Given laws Inspection perio... Exposure time
pumps_fal  |CCF Eﬂﬁ:ﬁ:g::ﬂ;: L GLM(0.0, 0,001, 0.01) L L

pumps_untim  [Diffusion EEEE-;EE:EZ::—:E:\\:: - periodic-test(0.001, 72.0, 0.0) - -

§ valve_1.failure .
valves_fail CCF valve 2. failure - exponential (0.001) - -

wvalve_1.untimely_open

valves_untim [CCF .
wvalve_2.untimely_open

Family/Equipment/Function/Defect/Wit... |exponential (0.002) - -

Name

[ Sawve ] [ Syntax ] [ Consistency ] [ Close ]
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The activation of these synchronizations during the simulation phases will allow synchronizing the occurrence of certain
number of component events defined in the architecture. For example, when the event "pumps _fail" occurs, Pump 1 and
Pump2 will be down in the sametime.

*BIE"

Fill the synchronization name in the line editor of the Synchronizations area.
Click on ‘E., to transfer the name in the synchronizations list defined for the equipment.

5%1 opens the windows describesin Section 3, “ Technical object”

A double click on Law column or FRB column alows also the define a law (see Appendix A, Laws and
uncertainties or a FRB (see Section 4.3, “Event model (Failure Rate Base - FRB)")
Chose the synchronization type:
— CCF (Common Cause Failure): either events appears individually (failure without common cause), or events that
can appear at the same time appear at the same time.
— Diffusion: all eventsthat can appear at the same time appear at the same. If the event cannot appear, it will not impact.
In this synchronization type, the events cannot appear individually.
— Synchronization: events can only appear at the same time. In this synchronization type, the events cannot appear
individualy.
Fill the events list having to be synchronized, using the line editor associated to the event zone. In order to facilitate the
filling of this assertion, the short cut Ctrl+<SPACE> gives access the hierarchical navigator for the search and selection
of component events.

e

.
& Global synchronizations

Name punips_fail

Comments

2] Examples,FireFIRE; 1

ACC
BT
aTE

() det 1

() det_2
£ det_3

(2 det_4
(2] house_1
£ house_2
(2] pump_1
(2 pump_2
3 shower_1
(2 shower_2
(2 valve_1
3 valve_2

i s

Event

pump_1. failure

pump_2. failure

This button can be used to add a new item.

It is also possible use the Enter key.

This button can be used to cut or delete an item.

To movedown in thelist.

Tomove upinthelist.

To edit the properties of the selected event.
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6.2.7.3. AltaRica tab

3 Examples/Fire/FIRE:1 =X
| Conhenti 53’ 5ynd’1ronizaﬁons| Altarica code | Initial Configurations E Modified Events E \;_:;. Links colors E Properﬁes!

Code | Operators

ACC detd =det 35; -
ACC.det2=det 25,

ACC.det! =det_15;

valve_2 flux_in=TE=s;

wvalve_1.flux_in=TE.=s;

TE.e1 = pump_1.flux ;

TE.e2 = pump_2.flux ; E

EVT.sho wer:2=va h.'e:2.ﬂux:n ut; A
extern El

predicate failed = <term (EVT.no_control_fire)>; it

predicate failed? = <ferm (EVT.untimely_shower)s; X
o = L T

attribute Default/Alias;1°( <event det_2 failure= }; it

attribute Defaultt/Weight; 17 <event det_2 failure= ) = 2.3;
law <event det_3.untimely_active> = exponential(0.007) ;
attribute "DefaultWeight; 1 <event det_3.untimely_active= } = 2.2,
law <event det_4 failure>= = exponential(0.007) ;
attribute Default/Alias; 1 <event det_4.failure= );
attribute DefaulttWeight; 17 <event det_4. failure= ) = 2.5;

edon

[ Sawe I [ Syntax I [ Consistency ] [ Close I

The Altarica code tab allows writing of the Altarica code which conditions the component operation (cf. Appendix E,
Language AltaRica).

The Edition area comprises from top to down:
* Anicon bar (Copy, Cut, Paste, Find/Replace, Zoom out, Zoom in, Display generated External Clauses).
e Theinitia statesdisplay areais non-editable and the icon is used to display/mask this area.

< A datasummary area (non-editable) concerning the current component (node name, icons used, input and output variables
aswell astheir type (boolean,...), the state variables as well astheir type, the events, icon variable [1,3]).

» The Altarica code typing area (for the assertions (assert) and transitions (trans); the typing order for these assertions or
transitionsis indifferent.

« The short cut Ctrl+<SPACE> gives access to the variables selector for the search and selection of the state variables and
the flow variables.

In order to select avariable, proceed as follows:
— Click in thefilling zone of the Altarica code,
— Usethe shortcut Ctrl+<SPACE> to activate the variables selector and obtain the list of component variables,

— Double-click on the desired variable, the name <Variable Name> will then be inserted in the text editor at the current
position of the cursor,

— For aflow variable with a Record type, the selection of the flow parametersis carried out in the following way:

User's Manual - Version 6.1 - 2022 88/ 265



Cecilia-Workshop

— Typethe character """ (Alt Gr+<”>) following the name of the variable <I/O_Name>", (eg. eb™), to reveal thelist of
the associated flow parameters:

Exemples/type_divers bus; 1 |

A v2 bool
A3 bool
A vd boal
A w5 bool

Double-click onthedesired parameter, the name of the parameter will then beinserted in the text editor at the current
position of the cursor: <I/O_Name>"<Flow_Name> (ex. eb™pl).

Click on this selection using the right button of the mouse; a vertical window appears indicating the two possible
values of "state ": ok or stuck_open.

The color code for the Altarica code is the following:

» Keyword (for example: trans, assert, and, or, if, then, else...): blue,
* Numerical values: purple,

» Operators name: green,

* lcons: red,

 Punctuation in bold.

If operators are used in Altarica code, Operators tab is accessible (cf. Section 6.2.4, “Operator
management”). It allows selecting operator family and operator version, if different operators have the same
name. If there is no ambiguity, the only family containing the operator is selected with the last version.

Finally click on the button Syntax, to do the syntax control of the written Altarica script. In the event of a syntactic
error, an error window appears describing precisely the kind of error and indicating the line of the script.

In the event of a consistency error, an error window appears describing precisely the kind of consistency error of
the Altarica code.

The consistency problems detected are;
* Anexit flow variable is not defined whatever the internal state.
» Thereisaninterna state and a combination of input flow variablesin which an exit flow variableis not defined.

e Thereisaninterna state and a combination of input flow variablesin which an exit flow variable has 2 different
evaluations.
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6.2.7.4. Initial Configurations tab

%0 Examples/Fire/FIRE;1 o | B .
Content %7 Synchronizations EE Altarica code Initial Configurations @ Modified Events & Links colors Properties
Name Comment Initial states
default
fire house_1.status := fire
house_2.stafus := fire
Eh, & 1 + o0,

%Name | e S T S R e e

Save Syntax Consistency | | Close ! Logs

In order to modify initial state of a variable, double-click on this variable or click on 5%1 It will display state variable
modification window.

* Inthe Namefield, type a name for new configuration (name of the new initial state of the system) then click on ‘E.; is
displayed in Configuration frame.

* A double-click on the configuration column or on 5%1 icon alows to open the configuration window to select the state
of the various variables;

#& Initial Configuration X

Comments

20 Examples/Fire/FIRE; 1 =2}

E\%@ State Type Value
=] 'gEt . house_1.status {normal fire} fire
€3 det_

ot get_Z house_2.status {normal fire} fire
L det 3 5.
& det 4 R
3 house_1
&3 house_2
o Hel Name |pump_lstatus

2 pump_2 Type |Exemples/Firefok_ko;1

3 shower_1 N

3 shower_2 Value ol
&I valve_1
&3 valve_2

ko
[ OK [[ Cancel ]

T P
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Select thevariable, with adouble-click awindows appearsto choosethe variable value. When the configuration is selected,
aclick on OK saves the configuration.

Select apreviously saved configuration as follows :

» Select aconfiguration (name of system initial state previously saved).

* Click on & icon to load configuration. Values of state variables are displayed in the left frame : Initial states.

The means of theicons are:

[E]
ot

This button can be used to add a new item.

J It is also possible use the Enter key.

Tomove upinthelist.

9 C »ale"

6.2.7.5. Modified Events tab

This button can be used to cut or delete an item.

To movedown in thelist.

To edit the properties of the selected event.

Events tab enables to modify events.

These configurations could be used for simulation, and don't depend on type of simulation. The choice of
configuration will be made at simulation launch.

A new configuration can be defined automatically during simulation , see Section 6.4.7.1, “Initial configuration
saving during ssimulation”.

8 Examples/Fire/FIRE;1

= B

Content %7 Synchronizations Altarica code Initial Configurations @ Modified Events & Links colors Properties

Name Comm...

b det 1.failure New fail...
01 det_2.failure

FRB Given laws

exponential(0.001
- exponential(0.001

Inspection... Exposuret... Attribute
'Default/Alias;1"; 'Default/Weigh)

- 'Default/Alias; 1'; 'Default/Weigh

01 det_3.untimely...

- exponential(0.001

- 'Default/Weight;1'=2.2

[0 det_4 failure

et [t [ s

- exponential(0.001

- 'Default/Alias;1"; 'Default/Weigh
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In order to add a new events, fill the event name in the line editor.

Then, click on '.'é., to transfer the name in the event list.

Double click on an event column (except name column) or userﬁal button, it displays event propertieswindow. The window
describesin Section 3, “ Technical object” appears to set the selected event.

The means of theicons are:

B This button can be used to add a new item.

J It is also possible use the Enter key.

3 This button can be used to cut or delete an item.

To movedown inthelist.
Tomove upinthelist.

£, To edit the properties of the selected event.

6.2.7.6. Links colors tab

TheLinkscolorstabis:

200 Examples/Fire/FIRE; 1 =

Content #7 Synchronizations EE Altarica code Initial Configurations @ Modified Events & Links colors Properties

Define colors Last colors

 EH[ B

Bl &

predefine ~ |Exemples/Fire/ok_ko;1

Save Syntax Consistency Close ! Logs

This tabs containsin its right part a color palette, and in its left part, an area displaying the link colors arranged according
to their type.

When anew architecture is created, the boolean type is the default type with two colors (modifiable):

e True: green;
e False: red.
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If anew architecture contains links (non-boolean) which must be colored, carry out the following steps.

» Use the type selection button associated with the link (enum, bound or predefined). Only the predefined and enumerate
types are explained.

* Fill in the name field and click on the'E. icon or use the Enter key.

To select a predefined type variable, use theE] to select the preded=fine variable in a new window:

__prede_fine \__f? |Exemples/Fire/ok_ko;1

£ MyFamily

OK Cancel

Itis possible to create an enum by typing the possibl value separated by comma:

enum ~ | |High,Low,Normal,Null

» Double click on an element, e.g., pressure; the four possible values for pressure links are displayed:
High;

— Low;

Normal;

Null.

« Select avaue, e.g. Normal.

« Inthe color palette, select acolor; the Recent area on the right indicates the last selected colors.

2ES .
Click on the ¥ jcon to display new colors:

Swatches RGB CMYK

(®) Red | 2557
() Green I 1283
(O Blue | 1923

Alpha || 255 :j

Color Code FF80CO

i Preview

OK Cancel
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The color assignment is specific for a system; the colors are saved with the system.

An existing enumerated type can be deleted by clicking on the corresponding icon.
 Display the results of this color assignment during system simulation (see Section 6.4, “ Simulation Step by Step”).

When a link is of the record type, the colors applicable to the link are those associated to the type of the first
parameter in the record.

6.2.7.7. Properties tab

200 Examples/Fire/FIRE;1 o =l

Content %7 Synchronizations Altarica code Initial Configurations Modified Events & Links colors Properties

Created at :  3/22/05 10:47 AM
Modified at : 4/19/19 2:18 PM - admin
Version : 57

Comment : Use in '"Incendie fire' example.Cecilia

Save Syntax Consistency Close ! Logs

» The Propertiestab allows visualization of the model properties:
— Crestion date,
— Last modification date,
— Version.
e The Comment field alows the filling of a comment describing the operator function.

6.3. Verify or Translate model

Cecilia-Workshop enables to imitate AltaRica model. For treatment part, it generates an AltaRica Extended-format file.
Trandator pluginstakes thisfile in input and generates a file in another format which is more workable for other plugins.

Currently available formats are:

» AltaRica DataFlow: Thisformat iswidely use in AltaRica environment

» AltaRica Mec5: A model-checking tool (Made by the LaBRI : Laboratoire Bordelais de Recherche en Informatique ;
'Inventor' of AltaRicalanguage)

« Mocal2 or Mocal3: Stochastic simulator base on predicates Petri nets (Property of TOTAL corp.)

* Other specific format used inside Cecilia-Workshop whorkshop.

These trandlators are based on modules allowing reading of files in AltaRica Extended format (so it enables to verify
syntax and semantics), allowing conversion of assertions to dataflow equations, allowing setting flat of a model, allowing
elementary properties check, ...
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Some plugins are made in order to interface the following functionalities in Cecilia-Workshop:

« Syntactical checker verifiesthat code is complying with AltaRica Extended format.
« Property Control verifiesmodel semantics, and its setting flat. It also verifies elementary propertieslike external clauses

validation or loop in assertions.

e Trandation trandates model in predetermined format (model can possibly be anonymized for confidential reasons).
« External toolslaunch an external tool for current model possibly converted by atranslator.

6.3.1. Syntactical check

Syntactical check verifies that components, equipments and/or systems are consistent with AltaRica Extended's syntax.

This function will display error if AltaRica code generated by software (for flow, states, events,...) or typed by user (guard,

transitions, ...) isn't correct.
6.3.1.1. Syntactical check launching

6.3.1.1.1. For systems

In order to launch syntactical control for current system, use the Check syntax command with click on E/ in MBSA menu.

MESA

@d

Initial states

Simulation k
Compile 4
Plug-ins Manager

Task Manager

Verify properties ... Alt+C
Check syntax ... Alt+5

Statistics .. [Verify syntax of AltaRica Extended code]

Translate model ...

6.3.1.1.2. For components, equipments or operators

Syntactical control for components, equipments or operators is made in their edition window (button Syntax).

= Exernples/Fire/Pump;l

Gm-erdJ "0 [
Code | Operators
Edit

BYERYYH

E=SEoh
I@Sm:ﬁEmﬁlglmlf.}r :Alrm:acmel

Qe

o

active = false ; o

trans

assert

then

b

status = ok |- failura -> STATUE = Ko7

status = ok and active = false |= untimely active => active := true;

@lae Ilux"Water=

Fflcanes computatian
{if =tatus = ok then
[if active then icane=3

else iconemi

else icone=l -

[ Save ] Consistency | [ Clase |
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During the first use, you have to verify that syntactical checker linked with this button is the one of trandator. It can be
made in preferences of Cecilia-Workshop (=> Menu Options, Command Preferences, Path Prefer ences/Environment/
Verifications).

‘& Preferences

{3 Preferences 1
-2 Environment

o Memory

[ W erifications
(] Desktop
(-] Tools bars Syntactic and consistency checking
[T Edition
-] Inputs/Outputs Syntactic checking
E]EI Simulator Name Chedk syntax ...
E
E
E

-] FaultTree

-] Plugins - PluginAction Class name [ dassault.altarica. translator. PluginCmd 1Syntax ]
t-(_] Plugins - PluginStepper

H-(_] Plugins - PluginTranslate

Consistency checking

Mame Check properties ...

Class name | dassault.altarica. translator. PluginCmd IVerify

[Save][dose]

The class name of syntactical check must be dassaul t. al tari ca. transl ator. Pl ugi nChmdJSynt ax. On the
contrary, another syntactical checker will be used. In order to change the syntactical checker to be used for components,
equipments or operators, click on button Change (of part Syntactic check).

6.3.1.2. Result of syntactical check
If thereis no mistake, a message will specify it.

On the contrary, awindows Syntax error is displayed.

&l Translate(read) fail = [® ==
22 failure ; -
23 untimely active ;

24 init

23 status := ck ;

26 active := false ; Tl
27 trans E
28 status = ok |- failure -»> status := ko;

29 status = ok and active = false |- untimely active -> active := true;

30

31 aggert

32 {if {{commande = control) or actiwve) and status = ok

33 then flux“water=water and flux*pressicn = o

: 34 : Symbol (o) not found in current node
AltaRica @ 53 : Defined node (Exemples Fire Fump)
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The upper part displays AltaRica code generated by Cecilia-Workshop. Every line with anumber displayed in red or violet
contains at least one error. The bottom part displays causes of the error. A click on the error message allows to select the
line that could cause problem.

6.3.1.3. List of usual errors

1

The exact wording of identifier is defined in the upper editor which is dedicated to visualization of variables definitions
(state, flow, icon, event) specified in previous tabs. A typo error in AltaRica code will imply awrong identifier spelling
which won't match exact wording.

. Wrong syntax of transitions declaration (‘=" operator for guards, ":=" operator for assignments).

. Assertions define assignments on variables from different types (two different enumerate type, one enumerated with a

boolean, ...)

. Key wordst r ans or assert has been forgotten.

. A missing bracket inif ... then ... else ... operator. Good code indentation, in imbricate i f

then ... else ... expression, usualy enables to avoid these issues. Each closing bracket must correspond to
an opening one.

if ... then ... else ..
(i f <bool ean- expressi on> then <expressionl> el se <expression2>)

if ... then ... else ..
(i f <bool ean- expressi onl>

t hen <expressi onl>

el se (if <bool ean-expressi on2>
t hen <expressi on2>
el se <expressi on3>
)

)

6.3.2. Property check/Control

Property check (or control) enables to validate semantics and to verify a certain number of properties on the model.

Verified properties allow to validate - a priori - that a model is compatible with tools that will be used. For example, it's
possible to validate - apriori - that model doesn't use arithmetic operators which will avoid tree generation.

6.3.2.1. Launching of property control

6.3.2.1.1. For systems

In order to verify properties of current system, use the command Check properties... command with click on @ inMBSA
menu.

MBSA
Initial states
#%  Simulation »
;| Compile L4
Plug-ins Manager
Task Manager
@ Verify properties ... Alt+C
E/ Check 5ylﬁn’l&fif}g properties of node before AltaRica E}d:;:d;d cndel

% Statistics ..
Translate model ...
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6.3.2.1.2. For components, equipments or operators

Property control for components, equipments or operators is made in their edition windows (button Consistency)

— Exemples/Fire/Pump;1 e |-
Gsu!][']m| [mlﬂwu|lm]fj [ altarica code
h
Code | Operatiors |
Edit
RiBIYHaC QT
| active := false ; b
trans =
#atatus = ok |- failure -> ITAtUs = ko;
status = ck and sctive = false |- untimely active => active := brue;

asgert

(if ((cosmands =
then flux~wa
@lse TlUX“WATEI=T

Atzol) or active) and STAtuE = ok
ater and flux“pression = ok

n

WATer and flux-pressicn = ke);

/Ficens computaticn

(if status = ok than
{if aecive than icame=3?
else iconewml

1

else iconeml -

[ save ][ sytax ||| Consistency ||| chse |
—_

During the first use, you have to verify that property control linked with this button is the one of trandator. It can be
made in preferences of CeciliazWorkshop (=> Menu Options, Command Preferences, Path Prefer ences/Envir onment/
Verifications).

‘&2 Preferences

{3 Preferences
[El-i—y Environment

[#+_] Desktop
-(] Teols bars Syntactic and consistency checking
-] Edition
#-+(] InputsfOutputs Syntactic checking

- Smulator Name Check syntax ...
-] FaultTree

-] Plugins - PluginAction

-] Plugins - PluginStepper

[

-] Plugins - PluginTranslate

Consistency checking

Class name |dassault.altarica. translator, PluginCmdJSyntax

Name Check properties ...
Class name [dassadt.aliarim.trandahor.PluginCde\c‘efify ]
o

The class-name of consistency-control must bedassaul t. al tari ca. transl ator. Pl ugi nCrdJVeri fy.Onthe
contrary, another consistency-control (or property checker) will be used. In order to change the consistency-control to be
used for components, equipments or operators, click on button Change (in Consistency checking frame).
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6.3.2.2. Choose properties to be defined

It's possible to define parameters for properties check in order to focus on properties having impact on treatment tool s that

will be used.

&2 Preferences

=y Preferences N
-5 Environment

Lo @ Memory

L. @ Verifications
-] Desktop

£t Tools bars Generic translator
+--[_] Edition

-] Inputs/Outputs Generate CCF synchronizations

+-- ] Simulator
7] FaultTree Coherence and Consistency of assertions

-] Plugins - PluginAction @] Veri )
/| verify expression

-] Plugins - PluginStepper @

I'_—'la Plugins - PluginTranslate Flow or State with int domain

Generic translator

i@ Java translator Flow or State with float domain

B
£
£
B
£
£
B
£

Operators +, -
Operators =, [

Operator %

.Error
:Warning
Error

.Warning

Save Close

Default values

For each properties to be checked, it's possible:

« either to consider it's not an issue: Ignore;
* or to display amessage: War ning;
* Or to stop treatment: Error.

Inside property check, one warning or error is enough to display Error(s) & Warning(s) window.

In the future, select Error for a property will stop any treatment needing translator.

In order to easily define parameters for a set of properties, they are grouped in categories. To Ignore a category (uncheck

and/or choose Ignor e) enables to ignore every property/category included in it.

6.3.2.3. List of checkable properties

* Generate CCF (Common Cause Failure) synchronization: Used during translation from AltaRica Extended format to

AltaRicaformat (e.g. Section 3, “ Translation into 'standard' AltaRica’).

» Completeness check and assertion consistency: Used during 'dataflowisation’ of assertions (e.g. Section 4, “Convert

assertions to assignments’).

» Verification on expressions
— Verification of integer variables presence
— Verification of float variables presence
— Verification of operators + and - presence.
— Verification of operators* and/ presence.
— Verification of operator %presence.
— Verification of operators mi n and max presence.
— Verification of cardinal operators: #( ... ).

» Verification of warring transitions (same guard, same event)

» Verification of transition guards
— Verification of flow presence inside transitions
— Verification of always active guards

 Verification of synchronization type
— Synchronization type
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— BroadCast (Diffusion) type
— CCF (Common Cause Failure) type
— Synchronization with events belong to same sub component

» Verify node with local simulation (e.g. Section 5, “Local simulation of components”).
— Presence of dynamic component

 Verification of generated Java code for Java simulator. This verification enables to confirm that code can be compilate
by Java compiler

 Verification of loopsinside assertions

 Verification of model events
— Verification of instantaneous event presence
— Verification of temporized event presence
— Verification of law presence for each event

» Externa clauses verification
— Externa clauses verification r emar k
External clauses verification | aw
Verification of compatibility between laws with Aralia
Verification of compatibility between laws with Mocal2
— External clauses verification par anet er
— Externa clauses verificationat t ri but e
— External clauses verification nodepr operty
— External clauses verificationpriority
Verification of priority affectation only for temporized events.
— Externa clauses verification bucket
— External clauses verification pr eenpti bl e
— External clauses verification obser ver [deprecated]
— External clauses verification pr edi cat e
— External clauses verification pr operty

» Always flatness during Mec5 trandlate.

Event priority is managed in a different manner in AltaRica Extended (overall definition with integer associated to
deterministic events) and in AltaRica-Mec5 (local definition with partial order of events at the component level).

In order to keep semantic equivalence between tools, a setting flat of the model must be done if the model uses
instantaneous events or if thereisa priority..

6.3.3. Model translation

This function allows current model exportation to afile specified by the user in a specific format.

6.3.3.1. Command Translate model ...

In order to launch current system trandation, use the Translate model ... command with click on = in MBSA menu.

Initial states

Simulation 4

LR

Compile L
Plug-ins Manager
Task Manager

@ Verify properties ... Alt+C
E/ Check syntax ... Alt+5
& Statistics ...

Translate model ...

|Tran5|ate model to specific format (DataFlow, Mec5, Mocal2 or Mocal3) |
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The following window enables to define parameters for model trandation.

&% Translate model ... @
Path of generated file
Generation options
File format DataFlow v |

[ Anonymous model

« Type result-file name (either directly, or with ... button).
« Select output format in the Display format list: DataFlow, M ec5, Mocal2, OTools

 You can generated an Anonymous model (principally for confidential reasons) In this case, afile containing link between
original model and anonymized one can be generated.

6.4. Simulation Step by Step

6.4.1. Simulation configuration
Before simulation launching, initial states have to be defined for simulation.

* Use MBSA - Initial states menu in order to define initial conditions.

Initial states
@ Simulation 4
i ) Compile L4

Plug-ins Manager
Task Manager

« Initialization waiting window is displayed.
e Then, initial stateswindow is displayed.

This window enables to choose anew initial state of the system.
Default value of initial state isthe set of default value from al component models used in the system.

There are two tabs, one for state variables and the other for events.

6.4.2. Simulation launch

In order to launch interactive simulation, you can:
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e Either use MBSA - Simulation - Start menu

* orclickon # icon.

MEBESA

Initial states

@ Simulation
@ Compile

Plug-ins Manager
Task Manager

'

-

RRE ®B s~ -

Start

Y ilstar simulation

Go backward [<]
Go forward [>]

Go next [->]

Save as initial state

Stop

Debug View
Events

State change

J When many step by step simulators are available, you can choose the one you want by clicking on the little arrow
next to the start icon. The selection of asimulator will launch the simulator, and memorize this choice for the next

simulation.

; -
@ Flatness Stepper

@ JFstepper

@J Java stepper [1]

Before simulation starts, initial configuration can be chosen.

Initial configuration can be:

* Either chosen among previously saved configurations (cf. Section 6.2.7.4, “Initial Configurations tab”).

Choose initial configuration

(@) Predefined initial configuration

Config_1
default

() Initial configuration from file

Validate

Cancel

« or defined externally with a configuration file.

Thefile format must be alist of couples{ name of state variable, initial value of variable} asfollows:

equi pA. conpA. Tensi on
equi pA. conpB. Tensi on

Nul |
Fai | ed

It corresponds with the following syntax:

<init-list>

<init-def>

<expressi on>
true

<init-def>

<init-def>

<hi erarchy-path> ': =" <expression>
<hi erarchy-path> ' =" <expression>
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fal se
<i nt eger >
<f| oat >
<identifier>
<identifier> '[a-zA-Z][a-zA-Z20-9_-]*";
<hi er ar chy- pat h> <identifier> ('.' <hierarchy-path>

Each variablein file must be defined in the simulated model.
Otherwise, an error message is displayed and current action is stopped.

For initial configuration file, it is also possible to use an xml result file coming from generic sequence generation or
FMEA Generation. In this case, initial configuration will be the one defined for generation.

Once configuration is selected, click on Validate button to launch simulation.
J The window alowing configuration choice is usually displayed only if there are many previously saved

configurations. The display of this window can be forced in software preferences. (Options - Preferences...
command).

ﬂf’i Preferences

=y Preferences 1
[ Environment
[)-{] Desktop
F-(] Tools bars
-] Edition
-] Inputs/Outputs Options
-9 Simulator
S BOntions
I}]ﬁ FaultTree Behaviour of simulator depend of some cptions whose can be
-] Plugins - PluginAction activated or not.

(-] Plugins - PluginStepper
Et] Plugins - PluginTranslate

[ | Always choose initial configuration l

:J_ Trigger instantaneous transitions on automatically

Mumber of automatic execution : | 100

When simulation starts, many verifications are made on every component model in architecture. If an error is detected, a
window is displayed and simulation doesn't start.

6.4.3. Simulating

When simulation starts, initial state of system is displayed: colors of links show value of their variables, icons represent
the componentsin their initial states.
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& Exemples/Fire/FIRE;L = |- =
Time Current Time : 0.0 Nb execution Current Cyde : 0 Model : ermplesfFirefFIRE,'l Equipment : M
rz 345 ACC
e P

Edit model showler 2
Events
£ State change
: houze_2
% Debug View
& Up N
M Down
[  Down in another view EEN EEN
n I n n I n
diz dil det 4 det 3
4 | 11 [3
[1] ACC (ExemplesFire/Command_Center; 1) Display :Node labels v:

J When the graphical link represents a bus on which severa flow parameters transit, aright click on thislink gives
accessto the flow parameterslist in order to modify dynamically the graphical display order of the flow parameters.
The link color resulting from this change of order corresponding to the value of the flow variable located in 1st
position

jdbl tension
[=3

—J i
L

6.4.3.1. Commands available in simulation

Following commands are available in simulation:

* «{(Initialize): Reinitialize system in itsinitial state. This action cancels all event triggering made during simulation,

* 4 (Goback): enablesto go back (one step), this action cancels the last triggering of simulation.

* ) (Goforward): enablesto redo (forward) a step that has been previously canceled,

* - (Next): enablesto trigger the next event of scheduler, cf. Section 6.4.6.7, “ Scheduler”,

* @ (Saveasinitial state): enables to memorize current system state during simulation in order to create initial states. cf.
Section 6.4.7.1, “Initial configuration saving during simulation”,

* ¥ (Stop): Stop simulation and close window,

* % (Informations window): enables to display information about current simulator (history, scheduler, list of
variables, ...); cf. Section 6.4.6, “ Simulator display window”,

* & (Event selection): enablesto trigger an event/transition of the simulator; cf. Section 6.4.4, “ Transitions triggering”,

. (State variable value): enables to modify state variables of selected element; cf. Section 6.4.5, “State variable
modification”.

J Errors like division by 0 or consistency error that have not been verified on a component can appear during
simulation. If such an issue appears, a message is displayed and simulation is stopped.

J Some errors that are not definitive can appear, such as atoo large number of instantaneous transition triggering.
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6.4.3.2. Move along equipment/systems view

Y ou can move along graphical view in order to display the system and its sub-equipment.

In order to move along, threeicons are available in popup menu and in tool bar:

* # (Up): Go to upper hierarchical level

w (Down): Go to lower hierarchical level

* 3 (Down in another view): Display selected event in another view

A double click on an equipment enables to go Down. On components, a double click launch component edition

in read-only mode.

6.4.4. Transitions triggering

Event triggering /transition firin

g

Simulation enables to validate a system. System is simulated from its initial state. Then events can appear during life of
systems. In AltaRica, action of these eventsis defined in transition definitions.

To trigger an event means to trigger (to fire) atransition labeled with this event.

Eventd/transitions are associated with components. To trigger/fire a transition, select component, then use MBSA -

Simulation - Events command (or one of its equivalents in toolbar) .

MBSA

@

Initial states
Simulation
Compile

Plug-ins Manager
Task Manager
Verify properties ...
Check syntax ...
Statistics ...

Translate model ...

Alt+C
Alt+5

RREL @WE s v

Start

Initialize [« <]

Go backward [<]
Go forward [>]

Go next [->]

Save as initial state

Stop

Debug View
Events

State ch Event selecti

If at least one of the transitions associated with component are fireable, the following window is displayed.

% Event list
Selected component :

Choose an event :

55

Delay MName Description
oojpumps_fail {{pump_1.status = ok} or (...
valves_fail {(valve_1l.status = ok) or (...
ACC.Com_Fails ((ACC.Com_house_1.statu...

ACC.Com_house_1.f...

{(ACC.Com_house_1.status...

m

ACC.Com_house_L.u...

{{not ACC.Com_house_1.b...

ACC.Com_house_2.f...

(ACC.Com_house_2.status...

ACC.Com_house_2.u...

{{not ACC.Com_house_2.b...

det_1.failure (det_1l.status = ok) |-det_...
det_l.untimely_active |({(notdet_1.active) and {de...
det_2.failure (det_2.status =ok) |-det_...

B B|B|8|B|B|B|B|B|B

det_2.untimely_active

{{not det_2.active) and {de...

Cancel

The first column displays delay associated with the transition. In case of stochastic (not determinist) events, delay doesn't
mean anything. In fact, transition is triggered randomly. The displayed delay is infinite. For determinist transitions see
Section 6.4.7.3, “ To take determinist events into account - Temporized Transitions’.

The name of the event labeling transition is displayed in the second column, the third one reminds transition definition.

Sort is available on columns (double click on header).
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Select atransition and click on Ok button to trigger transition.

In order to trigger a synchronization at equipment level, select the equipment and do the same things. Then, the
window displays fireable transitions of equipment and of its sub-components.

In order to trigger a global synchronization (defined at system level), don't select anything. The window displays
all system transitions that are fireable.

6.4.5. State variable modification

Component state variables can be directly modified. It's mainly used to configure system without transition triggering. If

state variables are used as parameters (e.g. for component capacity), it enables to make local modificationsin order to see
how the system reacts.

Select MBSA - Simulation - State variables (or one of its equivalents in toolbar .) to modify a state variable.
MBSA

Initial states

&y Simulation 'g Start
il Compil X
omere 44 Initialize [<<]
Plug-ins Manager
4  Go backward [<]
Task Manager
» Goforward [»]
@ Verify properties ... Alt+C b | Gonent[>]
E/ Check syntax ... Alt+5 @; Save as initial state
iy Statistics ... ; Stop
Translate model ...
% Debug View
Events
State change
The following window is displayed:
2 State list (=)
Selected component @ pump_1
Modify a state variable
Mame Value
active false
status ok

Close

Double-click on the value to be modified (column Value for the considered state variable). The following window displays
different available values for the variable.

2 New value @

pump_1.active

Click on Ok button to validate changes.

The simulation result is displayed on screen: component icon changes and colors of some links are modified because of
state variable modification.
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6.4.6. Simulator display window

6.4.6.1. Generalities

Simulator display window provides further information than graphical representation.

£ Stepper viewer EE[E

: Transition List | Selectl Sequences
o det_1 + | lIFire?| D... Name Description
+ () det 2 L] | ACC.Com_Fails (ACC.Com_house_1.status = ok) or (ACC.Com... | »
=07 det_3 - oo|ACC.Com_house_1.failure ACC.Com_house_1.status = ok} |- ACC.Com_... | |
f L] wo|ACC.Com_house_l.untimely_cont... |((not ACC.Com_house_1.bad_control) and (AC... | =
f untimely_active : {{nc ® ACC.Com_house_2. failure ACC.Com_house_2.status = ok) |- ACC.Com_house_. ..
[war> active = false E x ACC.Com_house_2.untimely_control (not ACC.Com_house_2.bad_control) and (ACC.Com...|
[iar> status= no_ok |;| e | w|det_Lfailure det_1l.status = ok) | - det_1failure -> det_L.s...
: e=normal e | w|det_lLuntimely_active (not det_1.active) and (det_1.status = ok)) |
it Icone= 2 . w|det_2.failure det_2.status = ok) |- det_2.failure -> det_2.s...
-4p 5= normal || & | c|det_z.untimely_active (not det_2.active) and (det_2.status = ok)) | ...
5 x det 3.faiure det 3.status = ok) |-det 3.failure ->det 3status ... | 7
Tree : State List | Flow List|
\B, Main - Name Value
ACC I ACC.Com_house_1.bad_control false -
[ EvT _ || ||acc.com_house_1.status ok g
I TE =|| ||acc.com_house_2.bad_control false =
(3 det_1 ACC.Com_house_2.status no_ok 1
(2 det_2 det_1.active false B
£ det_3 det_1.status ok
(3 det_4 det_2.active false
£ house_1 det_2.status ok
-] house_2 T | |[det_3.active false
it 'E L3 |ldet 3.status no_ok S

This window is splitted in 4 panels. Each panel can display different views thanks to tabs. View can be moved from tab
to tab with a"drag and drop".

Click right on aempty panel or on the header in order to display Contextual menu. It enablesto add different types of views
in current panel.

Tj&steppel viewer E =) [E
Tree I Transition List | Sel gc_tl 5equer|ces|

Transition List Description

State List Fails |((ACC.Com_house_1...| -
hous... |(ACC.Com_house_1.... B
hous... |{{not ACC.Com_hous...
ouse,,. [(ACC.Com_house_2.st...
ouse... [{(not ACC.Com_house_...
Transition Tree  jpe |(det_1.status =ok).. |~

IIIHH{

Flow List

Tree

Select _|
History Value
Scheduler ad_control false -
tatus ok E
Sequences ad_contral  |false
AL Lom_nouse_2 status no_ok
E det_l.active false
. det_1.status ok -

Each view hasits own functions. Views are described in following chapters.
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6.4.6.2. Transition list

Transition list enablesto display fireable ot not fireable transitions of current simulation.

T Stepper viewer EE@
: Transition List |
|Fire?| B... | MName | Description |

e ACC.Com_Fails

ACC.Com_house_1.untimely_control

((ACC.Com_house_1.status = ok} or (ACC.Com_hou...| «

((not ACC.Com_house_1.bad_contral) and (ACC.Co...

ACC.Com_house_2. failure

|{ACC.Com_house_2.siams =ok) |- ACC.Com_hous...

ACC.Com_house_2.untimely_control

(not ACC.Com_house_2.bad_control) and {(ACC.Co...

det_1.failure

det_1.status = ok) |- det_1.failure -> det_1....

det_l.untimely_active

(not det_1.active) and (det_1.status = ok]}) ...

det_2.failure

g|glg8

(det_2.status = ok) |- det_2.failure -> det_2....

det_2.untimely_active

({not det_2.active) and (det_2.status = ok)) ...

det_3.failure

m

(det_3.status = ok) |- det_3.failure -=> det_3.status ...

det_3.untimely_active

(not det_3.active) and (det_3.status = ok)) |-det_...

det_4.failure

det_4.status = ok) |- det_4.failure -> det_4....

det_4.untimely_active

(not det_4.active) and (det_4.status = ok]}) ...

house_1.fire

house_1.status = normal) |- house_1.fire ->...

house_2 fire

house_2.status = normal) |- house_2 fire ->...

pump_1.failure

pump_1l.status = ok) |- pump_1.failure -> p...

pump_l.untimely_active

(pump_1.status = ok) and (pump_1l.active =...

pump_2.failure

pump_2.status = ok) |- pump_2.failure -> p...

gleljelg|g|s|g |8

pump_2.untimely_active

(pump_2.status = ok) and (pump_2.active =...

_fail

({(pump_1.status = ok) or (pump_2.status = ...

L AN BE B RE BN BE B B BN REEGal NI BE BE RS ab

g

valve_1.failure

(valve_1.status = ok) |- valve_1.failure -> v...

H

Columns show:

1. If transitionisvalid (blue ball) or not valid (red cross).

2. Delay associated with transition. In case of stochastic transitions, delay isinfinite.

3. Name of the element associated with transition.

4. Description of transition given by simulator. In case of Javal Simulator, it is definition of transition.

6.4.6.3. Variable list

State list (respectively Flow list) enables to display state variables (respectively flow variables) of currently simulated

model.

T Stepper viewer =nac [E
[ Transition List | State List |
| Name Value |
ACC.Com_house_1.bad_control false -
ACC.Com_house_1.status K
ACC.Com_house_2.bad_control false H

ACC.Com_house_2.status no_ok

det_l.active false

det_1.status ok

det_2.active false

|ldet 2 status lnk =
4 N
|| Flow List |

MName Value
ACC.Com_house_1.commande no_control

ACC.Com_house_1.detecteur

ACC.Com_house_2. detecteur

ACC.Com_house_2. commande

normal

I

normal

ACC.Det_or_l.el

normal

ACC.Det_or_1.e2

normal

ACC.Det_or_1.s

normal

ACC.Det_or_2.el

normal

ACC.Det_or_2.e2

normal

ACC.Det_or_2.s

normal

Are 4

iral

Table columns can be sorted.

Variables whose value has changed during last firing are displayed in bleu.

Value of a state variable can be directly modified (double-click on the value to be modified).
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6.4.6.4. Hierarchical view - Tree

Treeview enablesto see all information during simulation with a hierarchical way.

T Stepper viewer [E=nch ="

: Transition Tree

,53& main ,533, main

(- [E] ACC - [E] ACC

-0 EVT -0 det_1

- TE (] det_2

(7] det_1 03] det_3

-0 det_2 #-(] det_4

-] det_3 [#-{2) house_1

(2] det_4 (-] house_2

[H-(2] house_1 (2] pump_1

[e-(2] house_2 [H-(2] pump_2

(2] pump_1 [H-(2] valve_1

[#-(2) pump_2 -] valve_2

#- shower 1 e f pumps_fail : {{pump_1.status = ok) or (pun’

#-( shower 2 | e f valves_fail : ((valve_l.status = ok) or (vals

-] walve_1

-] walve_2

----- f pumps_fail : {(pump_1.status = ok) on
----- f valves_fail : ((valve_1.status = ok) or,
4| m 3 4 1 3

Transitions Tree displays al transitions with a hierarchical way. If a component/equipment doesn't have any transitions,
itisnot displayed in thelist.

Transition arein bold, variables whose value has changed during last step are displayed in blue.

Selection of component/equipment or change of hierarchical level in graphical simulator leads to selection of the node in
the tree.

6.4.6.5. Select view

Select displays tree related to the selected graphical component.

T Stepper viewer EE@

Select |

4
M

i f failure ; (det_3.status = ok) |- det_3.failure -> det_3.status :=no_ok -
f untimely_active ¢ ((not det_3.active) and (det_3.status = ok)) |- det_3.untimely_active -> det_3
[Var> active= false

status= no_ok

e=normal
44 icone= 2 B
----- & s=normal

[-(7) det_4

-] house_1
#-() house_2
=-£2) pump_1

f failure : (pump_1.status = ok} |- pump_1.failure -> pump_1.status := ko =
f untimely_active : ((pump_1.status = ok) and (pump_1l.active = false)) |- pump_1.1
active= false

[Var> status= ok

4| m +
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6.4.6.6. Transition History

History enables to see which transition have aready been fired/triggered.

T Stepper viewer = IE@
History :
@
Idx Name

1[Tr : ACC.Com_house_2.failure
2[Tr : det_3.failure
3[Tr : ACC.Com_house_1.failure

Initial configuration : default

When the end of thelist isin gray, it means that user has gone back with Go Back [<] command <. History can be redone
with Go forward [>] command » .

A double-click on atransition enables to go forward to the state before selected transition triggering.

If astate variable is modified, it is displayed in history.

6.4.6.7. Scheduler

Scheduler displays determinist transitions that are valid. They are sorted following the order in which they will be fired

in step by step simulator.
T Stepper viewer = |-E |
Scheduler :
W E &
Fire? Delay MName Description
- 1|Disj_1.protection ({{Disj_1.Etat = Nominal) and (Moteur.s ...
L] 3|Alimentation.Propagation ((Alimentation.Etat = Nominal) and (Disj...
. 7|Disj_2.protection (((Disj_2.Etat = Nominal) and (Disj_1.5 =...

Current Time : 0.0 Current Cyde : 0

~» Next command triggers the first transition of scheduler.

For more information about determinist transitions, cf. Section 6.4.7.3, “To take determinist events into account -
Temporized Transitions’

6.4.6.8. Sequences

Sequences enable to graphically replay seguences coming from sequence generation cf. Section 6.5.2, “Sequences
generation (Generic)” or from other tools.

Y ou can:

 Validate sequences (functions of search algorithm, some sequences may not lead to wanted result)
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* Help user to understand meaning of sequences (in a model behavior point of view), with graphical display (link colors,

icons) and textual display (state/flow variable value).

T Stepper viewer E'E[E
Sequences | :
C:\Users\ovinuesa\CECILIA\Fire. GenerationSequence. xml LCC ]
Idx Previous Following Mext

| "
2| ACC.Com_Fails house_2. fire B
3 ACC.Com_house_1.failure house_1.fire |
4 ACC.Com_house_2. failure house_2.fire 5
5 det_1.failure det_2.failure , house_1.fire
[ det_1.failure hiouse_1.fire , det_2.failure b
7 det_2.failure det_1.failure , house_1.fire
8 det_2.failure house_1.fire , det_1.failure
9 det_3.failure det_4.failure , house_2.fire
10 det_3.failure house_2.fire , det_4.failure
11 det_4.failure det_3.failure , house_2.fire
12 det_4.failure hiouse_2.fire , det_3.failure
13 house_1.fire ACC.Com_Fails
14 house_1.fire ACC.Com_house_1.failure
15 hnuses 1. fire det 1. failure . det 2. failure S

4444 0j0

Each sequence is represented by atable line.
Columns give:

1. ID or number of the sequence.

2. Previous event of the sequence, that isto say events already fired.

3. Following fireable event, that is to say the following event that will be fired for the selected sequence.

4. Remaining event (the end of sequence).

Select “¥ button to skim through the sequence. The following event is fired. A double-click on sequence or pressing space

bar have the same effect.

T Stepper viewer EE@
Sequences |
C:\Users\cvinuesa\CECILIA\Fire. GenerationSequence. xml T
Idx Previous Following Mext
d|det_2. failure house_1.fire det_1.failure
244 0/o
List is updated functions of current sequence (i.e event history).
Repeat to skim sequence through the end.
T Stepper viewer EE@
Sequences |
C:\Users\cvinuesa\CECILIA\Fire. GenerationSequence. xml T
Idx Previous Following Mext
|
1/44 0jo
T Stepper viewer EE@
Sequences |
C:\Users\cvinuesa\CECILIA\Fire, GenerationSequence. xml 4 | BB
Idx  Previous Fallowing Mext
|
1/44 0/o

P
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Sequences are linked to a set a sequences coming from afile. To load a sequencefile, use & button.

File must bein XML format of generic sequence generator (Cf appendix on generic tools for more informations).

It must fit to the following format:

<?xm version='1.0"?>
<seqgen>

<result>
<tr evt="screen_1l.failure"/>
<tr evt="screen_1l.failure"/>
</resul t>

</ seqgen>

<seq><tr evt="synthesys_2.failure"/>

<tr evt="screen_pilot.and_2.out_1"/></seqg>
<seq><tr evt="synthesys_ 2.failure"/>

<tr evt="screen_pilot.relay_2.untinely_close"/></seq>

Presence of eventsin the model is verified during file loading.

If an error happens,

T Stepper viewer

Seguences |

C:\Users'\cvinuesa\CECILIA\Fire. GenerationSequenceError. xml

17|house_1.fire

pump_1.failure

Idx Previous Following Mext
13|house_1.fire ACC.Com_Fails
14|house_1.fire ACC.Com_house_1.failure
15|house_1.fire det_1.failure det_2.failure

pump_3. failure

18|house_1.fire

pump_3. failure

pump_1. failure

19 house_1.fire pumps_fail
20{house_1.fire walve_1.failure
21jhouse_1.fire walves_fail

212

* Sequences having issues are displayed in red
« Number of these sequences is displayed in the bottom right.
» Todisplay errors, double-click on the bottom right.

s

The file "C:\Users\cvinuesa\CECILIA\Fire
use unknow events for current simulator

pump_3.failure

4 LU

ﬂ For each simulation step, sequences of the current list are vaidated: one and only one transition labelled with

following event must be fireable.
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Otherwise, no valid transition or more than one, next event is displayed in red (bold or italic) and sequence cannot

be played.
& Stepper viewer =R X
\ B <
Ny
I
Idx  Previous Following Next
1 ACC.Com_Fails house_1.fire "
3 ACC.Com_house_1.failure house_1.fire ‘E ‘
4 ACC.Com_house_2. failure house_2.fire ™
5 det_1.failure det_2.failure , house_1.fire
[ det_1.failure house_1.fire , det_2.failure
7| det_2.failure det_1.failure , house_1.fire
g det_2.failure house_1.fire , det_1.failure
9 det_3.failure det_4.failure , house_2.fire
10 det_3.failure house_2.fire , det_4.failure
11 det_4.failure det_3.failure , house_2.fire 2

In the left bottom corner, current number of sequences and total number are displayed.
6.4.7. Other functionalities during simulation

6.4.7.1. Initial configuration saving during simulation
During simulation, current state can be saved asinitia configuration.
This command is availablein System - Simulation - Save asinitial state menu, or with “ jcon.
When command is selected, following window is displayed:

Initial states (=

(@) Save initial configuration to database

Config-20151106-114701 -

() Save initial configuration to file

[~ save only modified states

Cancel

Y ou can save current state asinitial configuration:

« Either as pre-saved configuration of the system: In this case, validate or modify the proposed name. If you choose an
existing configuration name, it will be erased. Y ou can see saved initial configuration in System - Initial states menu.
(cf. Section 6.2.7.4, “Initial Configurationstab” ).

* Orinatext filewhose format is defined in simulation launching section .

The Save only modified states checkbox enablesto keep only differences with default initial state of the system.

6.4.7.2. Search for component during simulation
During simulation on a system architecture, the search for an instance of component is made as follows:
* Use Edit - Search command (Ctrl+B) or #4 icon in edit toolbar. Then, Search window is displayed.

* Inasystem, click on Component tab. In Filter field, type the name (case sensitive) of searched component as follows:
[ Equi penent _Nane] . [ Conponent _Nane]

The'* ' caracter can be used to limit search, or to complete name of ahierachical level or acomponent name (examples:
HYD*. Y_VF* ,*. Y_VF ,*Y_VF*).

User's Manual - Version 6.1 - 2022 113/ 265



Cecilia-Workshop

* Click on # icon. The searched component (or components having name matching filter) is (are) displayed in the lower

part of the window.

* Select searched component.

Search

=]

[ Model in library
Component in architecture

Model : Exemples/Fire/FIRE; 1
Filter ACC™

Model in architecture

ACC
ACC.Com_house_1
ACC.Com_house_2
ACC.Det_or_1
ACC.Det_or_2
ACC.pump_or

Locate Open

Close

 Click on Locate button. The hierarchical level containing component is displayed and component is selected.

]

ACC.Com_house_1
ACC.Com_house_2
ACC.Det_or_1
ACC.Det_or_2
ACC.pump_or

%k Exemples/Fire/FIRE;1 e (Bl .
Tlme| Current Time : 0.0 Nb execution Current Cyde : 0 Model : ExemplesfFirefFIRE;l Equipment : ECC M
|_ﬂ2 34ls

Com_house_1 GEaTeh @
detl Det_or_1 -
[ = 5 con_walve_1 [ —
qerz E = — Model in library |
et i Component in architecture i i
- £ \_pﬂump_or com_pump_1 p Model in architecture
o El Model : Ewemples Fire/FIRE; 1
Com_house_2 Filter  |ACC™
Det_or_z - som_pnp_2
S\ KN
g com_wvalve_2
- - ACC

Open

Close

Display \Node labels |

6.4.7.3. To take determinist events into account - Temporized Transitions

6.4.7.3.1. Introduction

In original AltaRica model, events are not classified in categories. In case of dysfunctional studies, you need to classify

eventsin different categories.
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Failures are random, they have to be considered as stochastic events. In order do that, we link event to a probability law
(exponential, weibull, ...) It is done with external clause | aw of the model (See Standard manual of Altarica Extended

language).

System re-configuration event that arise from failure, must be considered either as instantaneous event, or temporized one
(must happen at the end of a d time). Thistype of event is defined with a Dirac probability law with & parameter.

extern | aw <event reconfig> = Dirac(3);

If disequal to O, event isinstantaneous. If one of these transitions is fireable, it must be fired instantaneously.

If O is greater than 0, a transition which is fireable a t, will be fired after d time only if transition stays fireable between
tandt+9o.

Temporized event is an extension of Altaricamodel which is not areconsideration of overall behavior.

6.4.7.3.2. Consideration in scheduler

If temporized events are taken into account, a scheduler must be managed in order to sort transitions functions of determinist
delay related to events labelling transitions, and functions of dates when transitions become fireable.

There are only temporized transitions in scheduler. In fact, stochastic events can happen at any time, possibly between 2
temporized events.

Scheduler view displays temporized transitions that are valid. Thislist is sorted functions of ( A t) fire delay related to each

transition.
T& Stepper viewer e = .
Scheduler :
GJ i ]
oot
Fire? Delay Name Description
L] 1|Disj_1.protection (((Disj_1.Etat = Nominal) and (Moteur.s ...
. 3|Alimentation.Propagation ({Alimentation.Etat = Nominal) and (Disj...
L] 7|Disj_2.protection (((Disj_2.Etat = Nominal) and (Disj_1.5 =...

Current Time : 0.0 Current Cyde : 0

When atemporized transition if fired, smulation current timeisincreased of A t.

6.4.7.3.3. Instantaneous transitions

I nstantaneous transitions are often used to update information inside AltaRica model, and for instantaneous reconfiguration
of system. It reprents the expected functionality of the system. When model is OK, users don't want to see these transitions
anymore, they want step by step simulator to take into account and hide them.

Simulator can be set-up in order to automatically fireinstantaneoustransitions. In this case, after each state change, simulator
verifies that scheduler is not empty. If it is not, and if the first transition is instantaneous, simulator triggers this transition
without asking user.

If simulator is set-up to automatically fire instantaneous transitions, it may be blocked in some case where there is aways
afireable instantaneous transition in scheduler.

In order to stop this simulation, step by step simulator can display a message saying that too many instantaneous transitions
have been fired sequentially.

When an instantaneous transition if fired, acycl e number isincreased, When a non-instantaneous transition is fired, the
cycl e number isreset to O.
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0 Scheduler view displays current time in bottom left corner, and current cyclein bottom right corner.

Step by step simulator can be configured in software preferences. (=> Options menu, Pr efer ences command, Prefer ences/
Simulation/Options path)

#4 Preferences

3 Preferences
#-{] Emaronment
[#-{] Diesictop
-] Tosks bars

[~ Edten

-] InputsfOutputs
14y Smudator

1] FauitTres Behavicur of simulator depend of some cpticns whose can be
(] Flugins - FluginAction activated or not.

) Plugns - PluginStepper
1-{_] Plugins - FugnTranslate

Always dhoose initial configuration
[ | Trigger instantaneous iransibons on automatically

Number of automatic execution : | 100

Default values |

6.4.7.3.4. Temporal conflict between 2 transitions
A good question that users should ask is: What happens when 2 temporized transitions are fireable at the same time ?

They is no warranty of conflict management with step by step simulator. To help user to manage conflict, they can define
a priority on model event. It can be made with pri ori ty external clause. (See Standard manual of Altarica Extended
language)

6.4.7.4. Preference

Stepper options can be configurate in Options - Preferencesin Plugins - PluginStepper.

&4 Preferences

i3] Preferences N
B+ Environment
|:| Desktop
-] Tools bars
-] Edition
|:| Inputs/Outputs Java stepper [1]
-] Simulator
-] FaultTree
|:| Plugins - PluginAction
-3 Flugins - Fluginstepper
"B 1=va stepper [1]
@ IFStepper
i iw @ Flatness Stepper
C] Plugins - PluginTranslate

Stepper options

Take into account determinist scheduler [
Exception during conflict with determinist transition [

Maximum change number
during one step of simulation

-

Default values

Thefirst two options are common to the three steppers:

Take into account determinist scheduler [

Exception during conflict with determinist transition [

If the option Take into account determinist scheduler isticked, the deterministic scheduler is considered.

User's Manual - Version 6.1 - 2022 116/ 265



Cecilia-Workshop

The second checkbox manages the conflict in case of temporal conflict.
Thethird option is used to manage to loop in asimulation.

 In Java stepper: with the Maximum change number during one step of simulation.
* In JFStepper: with the Maximum 'fix point' loop during one step of simulation.
 In Flatness stepper: with the Maximum 'fix point' loop during one step of simulation.

6.5. Models processing

The aim of this chapter isto present the different plugins available in Cecilia-Workshop. These plugins allows to:

 generate fault trees;
« evaluate the sequence;
« generatethe FMEA.

6.5.1. FaultTree generation with ABC

FaultTree generation consists in compiling AltaRica model into Boolean formula. Compilation algorithm uses a deductive
approach from groups of "independent” components. Boolean formula generation is made with reachability graphs
associated to each group.

Fault-trees are generated in Aralia format. This format contains equations (tree structure), laws, attributes associated with
model events, and parameters of generated laws. Generated trees can be either used directly in Aralia with command scripts,
or imported in Cecilia-Workshop or in another fault-tree-editor which supports Aralia native format.

6.5.1.1. Install/Parameter
FaultTree generation is based on ABC software. This softwareisavailablein pl ugi n installation directory.

Users preferences allow to specify ABC location.

& Preferences

=5 Preferences
[~ Envirenment
[~ Desktop
-7 Tools bars
{Z] Edition

{1 Inputs/Qutputs FaultTree generation (ABC) ...

== Plugins - PluginAction

V8- -0ltTree generation (ABC) ...

@ Temporal propagation ...

- @ Sequence generation (generic) ...
@ Engine for tree computation

| L. @ Docbook Export

[Z] Plugins - PluginStepper

[ Plugins - PluginTranslate

ABC executable path :

6.5.1.2. FaultTree generation requirements

It's important to notice that Altarica model can be dynamic (reconfiguration, maintenance, ...) and that a fault-tree is an
instantaneous view of asystem, that'sto say a static view. Therefore, an AltaRicamodel may not be compilableinto Boolean
formula
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FaultTree generation implies some model restrictions. These restrictions are:
* Dynamic behavior of components

Because fault-tree is a static model, it'simpossible to compile amodel whose final state depends on faults order. The two

following restrictions ensure a static behavior:

— For each fault-combination, if a fault-permutation is workable, every other permutation must be workable and must
lead to the same state of the component.

— Transitions must be independent of component flows. In other words, component reachability graph must only depend
onitsinitial state and itslocal failures.

» Uncomplete or inconsistent component(s)
» Too complex component(s)

A too complex component will generate alocal combinative explosion during calcul of its reachability graph.
* Looped System

A looped system is a system with circular definition of its flow variables. That isto say, a X variable is define with a set
of AltaRica assertions which depend on variable X.

These restrictions ensure a good behavior of compilation algorithm. Check properties (when config is correct) enables to
spot things that don't fit these restrictions.

6.5.1.3. FaultTree generation launching

" f% In order to launch FaultTree generation, use the FaultTree generation (ABC)... command.

A window is displayed when model has many initial configurations (System menu, Initial states... command), in order to
select initial configuration to take into account.

Choose initial configuration @
@) Predefined initial configuration

Config_1

~) Initial configuration from file

Cancel

Feared event is defined thanks to a calculation-target. The target corresponds to a specific value of a model variable (If
the variable is equal to the selected target the feared event happens). Calculation parameters are usually associated with a
calculation-target (for example, the result file name).
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Thefollowing dialog window enablesto define one (or several) target(s) which must be taken into account during FaultTree
generation. A fault-tree will by generated for each computation target.

&4 FaultTree generation (ABC) @
Targets
= HEE YL
Target File

Saving

) & Open List .. )
(@) File | Overwrite Bl savelis.. - |
() Database |Cverwrite )
] Default target
Generation options M Change result path ...

Algorithm :Bcolean formula (ITE) -
Simplify :Noihing simplification -
Post-Processor :None -
[ Ok ][ Cancel ]

This window manages a list of computation-targets. When this window is validate, every typed information are validate

to ensure that there is no incomplete line, no wrong line, targets correspond to a variable of processed model, file can be
written ...

Moreover, if result-files already exist, a dialog window will ask for old file deletion.

Some icons/actions enable to modify the list of calculation targets.

Add acalculation-target (alinein thelist). The target is duplicated from a default calculation target.

Climb selected target up.

Go selected target down.

E

E Remove selected computation target.
T

+

]

Define default computation-target from selected target. Every new target will be created using this default one.

......

Savetarget-listina XML filein order to re-useiit.

ﬁ' Load alist of computation targets.
=

It enables to define result files associated to targets thanks to a pattern which take into account informations linked
to calculation targets. Theresult file namewill be define replacing generation tag %xxx% by their contents : %num
% => order number in the list, %ovar% => variable name, %val% => value to uss, ...

......
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Double-click on an element of the list enables to edit it with an appropriate editor.

&% Target selection @
B, main
[+ ACC
-0 EVT
- TE
-0 det_1
-0 det_2
-0 det_3
[
[
[
[

t-(2) det_4

#-(] house_1

7] house_2

) () pump_1

=023 pump_2

- [War> active= false

[} [Var> status= ok

--“ commande= no_control
-4 fluxpression= ko

-- & flux-“water= no_water
-8 icone= 1

#-(2) shower_1

H-{] shower_2

H-[2] valve_1

7] valve_2

Ok Cancel

[ ]

Target editor opens a window and shows every model variable in atree view. Select the value corresponding to the feared
event to take into account.

File editor displays a standard file chooser window.
Two Algorithm are available in order to generate Boolean formula :

1. Boolean Formula (SOP) : compile sum of product into simple Boolean formula.

2. Boolean Formula (ITE) : compile sum of product into a tree structure 'If ... then ... else ..." (more powerful in case of
weighty systems).

Three Simplify levels are available:

* Nothing simplification
« Constant propagation: In generated fault tree, boolean connectors having true or false arguments are ssimplified.
* Unreferenciation: simplifies the tree by deleting unuseful intermediate variables.

When thiswindow is correctly filled and validated, ABCTree task is added to the task manager of Cecilia-Workshop

6.5.1.4. Result of FaultTree generation
A the end of fault tree generation, awindow is displayed. It shows ABC execution trace.

If everything isall right, this trace should be empty.

=i Info - FaultTree generation (ABC) ... = = (e
FaultTree generation (ABC) ...

Launch [akec] at Mar 10, 2016 3:54:52 BM &
S

m

//Trace abc :
[Info] Time: 0.01

ExitWalue : 0 at Mar 10, 2016 3:54:52 BFM

Close
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In the contrary (looped system, ...), ABC displays an error message.

=i Info - FaultTree generation (ABC) ... = = (e
FaultTree generation (ABC) ...

lLaunc:h [akc] at Mar 10, 2016 4:42:10 BM -
S

//Trace abc :
C:\Users\cvinuesa‘\ApplData'Local\Temp\ABCT294949381058045950. a1t [64] : node : mair
Variable: Inv.Qut = if Inv.5tate then CmdD.0 else not CmdD.O

Variable: CmdD.0O {not CmdD.S5 or AndD.O)

Variable: CmdG.0 {not CmdG.5 or AndG.0)

Variable: AndD.O {CmdG.0 and 0D.S5t)

Variable: AndG.0Q {05.5t and Inv.Out)

1 error({s) detected.

m

ExitValue : 104 at Mar 10, 2016 4:42:10 BM

BanProcessException : abc fail on error [result=104]

Close

6.5.2. Sequences generation (Generic)

Sequences generation consist in finding every way leading to a specific state (feared event), from aninitial state of asystem.
Number of path to run through are exponential, strategies are set in order to explore the most interesting ones.

It's possible to do a sequences generation from the moment it's possible to do a step by step simulation. Thisis the main
advantage compared with FaultTree generation. So, it's possible to do a sequences generation on a dynamic system (and
possibly with loops if the stepper can process systems with loops).

Processing time is proportional to the system size, but exponential to the depth of the ridding through. It implies a long

processing time, it's the reason why this method have to be used only when tree generation can't be used (dynamic system
and/or looped system).

6.5.2.1. Sequences generation launching

= | In order to launch sequences generation, use the Sequences gener ation (Generic) command.

A window is displayed when model has many initial configurations (System menu, Initial states ... command), in order to
select initial configuration to take into account.

Choose initial configuration @

(@) Predefined initial configuration

Config_1

() Initial configuration from file

Cancel

Feared event is defined thanks to a calculation-target. The target corresponds to a specific value of a model variable (If

the variable is equal to the selected target the feared event happens). Calculation parameters are usually associated with a
calculation-target (for example, the result file name).
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Thefollowing dialog window enablesto define one (or several) target(s) which must be taken into account during sequences
generation. A result file will by generated for each computation target.

% Sequence generation @
Targets
=] BEEML

F= Del
1T Up
Saving . dL | Tz .
(@) File | Overwrite - |
= 0 pen List ...
Database |Overwrite i
u Save List ...
General | Filter events @ Default target
EerEalmagne: Absor i Change result path ...
() Combination - .
@ Permutation Result Set _ns min-sequences - |
() Repetition Result format In MCS format -
Post-Processor .None - |

o
e

][ Cancel ]

This window manages a list of computation-targets. When this window is validate, every typed information are validate
to ensure that there is no incomplete line, no wrong line, targets correspond to a variable of processed model, file can be
written ...

Moreover, if result-files already exist, a dialog window will ask for old file deletion.

Some icong/actions enable to modify the list of calculation targets.

Add acalculation-target (alinein thelist). The target is duplicated from a default calculation target.

Climb selected target up.

Go selected target down.

EH
E Remove selected computation target.
T
+
]

Define default computation-target from selected target. Every new target will be created using this default one.

Savetarget-listina XML filein order to re-useiit.

It enables to define result files associated to targets thanks to a pattern which take into account informations linked
to calculation targets. The result file name will be define replacing generation tag %xxx% by their contents : %onum
% => order number in the list, %ovar% => variable name, %val% => value to use, ...

Ij:' Load alist of computation targets.
=
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Double-click on an element of the list enables to edit it with an appropriate editor.

&% Target selection @
,53& main
-l ACC
BT
() det_1
() det_2
(2] det_3
(2] det_4
{2 house_1
{23 house_2
~(d pump_1
-] pump_2
- [lar> active= false
. [m-[Far status= ok

i [ commande= no_control
w1428 flux~pression= ko

SRR 1y O s O Y s O s O e O e O e O

g flux“water= no_water

| @4 icone= 1
-£2) shower_1
+[::l shower_2
{2 valve_1
H-£2 valve_2
Ok Cancel

Target editor opens a window and shows every model variable in atree view. Select the value corresponding to the feared
event to take into account.

File editor displays a standard file chooser window.

The third column enables to choice the maximum order of sequences, that's to say the number of events/transitions of a
sequence. The transition number doesn't take into account instantaneous transitions if their automatic firing is activated
(user preferences).

The Gener ation type specifies the sequences generation strategy.

« Combination: During the simulation phases, every combination identified is simulated once in a given order. Within a
combination the same event is drawn only once.

» Permutation: During the simulation phases, every identified combinationissimulated in all orders. Within acombination
the same event is drawn only once.

* Repetition: Each combination is simulated in all the orders. Within a combination the same event is drawn many times.

If Absorbent top event option is checked, sequence-generator stops its exploration when top event is reached.
The Result set specifies the type of result:

» Assequences (Not minimized): All found sequences will be memorized.

* Asmin-sequences: Only minimal sequences will be memorized.

* Asmin-cuts: Found sequences will be minimized assuming they are minimal cuts, that's to say without ordering notion
of event appearance.

The Format result specifies the format of result:

* In MCS format: Result file contains found sequences in a format which is equivalent to Aralia minimal cuts. That is
to say:

products(MRS(' ER. O. true')) =
{'CCF_BK', 'CCF_BP', 'AU.def'}
{'CCF_BK', 'Op.def', 'AU. def'}

{"AU. def', 'Op.def', 'Safety.def'}
end

« In Araliaformat: Result file contains found sequencesin Aralia equation syntax (with laws, parameters and attributes).
* In XML format: Result file contains found sequences in XML format included parameters computation, abstract of
result, model informations, ...
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<?xm version='1.0"?>
<seqgen>
<defi ne>
<target nane="unexpected. unexpect edState" val ue="true">
<param nane="resul tset" val ue="m nseqs"/>
<param nane="finder" val ue="pernutation"/>
</target>
</ defi ne>
<abstract >
/* Order of products
3 132
*/
</ abstract >
<result>
<seg><tr id="1" evt="synthesys_2.failure"/>
<tr id="16" evt="screen_l.failure"/>
<tr id="19" evt="screen_pilot.and_2.out_1"/></seq>
<seg><tr id="1" evt="synthesys_2.failure"/>
<tr id="16" evt="screen_l.failure"/>
<tr id="27" evt="screen_pilot.relay_2.untinmely_close"/></seq>
</result>
<nodel >
<f | ow nane="unexpect ed. unexpect edSt at e" domai n="bool " orientati on="out"></fl ow>
<state nane="|ocati on_nodul e. bus. _state" domai n="{no_ok, ok}">
<init val ue="ok"/></state>
<state nanme="locati on_nodul e. cal cul nunil. state_
<init val ue="ok"/></state>

domai n="{no_ok, ok}">

<event nane="|ocation_nodul e. bus.fail ure">

<l aw val ue="exponential (1. 0E-4)" aralia="..." nobca="..."/></event>
<event nane="rescue.failure">
<l aw val ue="exponential (1. 0E-4)" aralia="..." nobca="..."/></event>

<nodeproperty nane="proj ect Name" val ue="Exenpl es/ Al RCRAFT_Al RCRAFT_LCOCATI ON'/ >

</ nodel >
</ seqgen>

When thiswindow is correctly filled and validated, SeqGen task is added to the task manager of Cecilia-Workshop

6.5.2.2. Result of sequences generation

If everything is al right, for each computation target, a window displays a summary of computation parameters, statistics,

and possible error-messages.

=1 Info - Sequence generation (generic) ...

Sequence generation (generic) ...

(=[O (=

Target :
Permutation generator [ocrder = 3]

EVI.no_control fire.true

Hbr Transition = 25
NbrMaxSeq = 13800
Begin at 3/10/16 4:02 EM

End at 3/10/16 4:02 FM
Nbr3eqg = 11920

NbrStep = 12523
StopMinCut 20
StopNaNCut 938
AddCut = 78

|

NbrMaxSeq = 11920
Hbr Transition = 15

Delay

Delay(sec) : 0.058

: 0:00:00.058

Close
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Sequences generator can come up against inconsistencies of the system, or instantaneous loop (that's to say a series of too
many instantaneous transitions)

6.5.2.3. User preferences

&4 Preferences

3 Preferences 1
[ Envirenment
F#-[C] Deskiop
£ Tools bars
-] Edition
-] Inputs/Outputs Sequence generation (generic) ...
-] Simulator

[ FaultTree

—1-~y Flugins - FluginAction

L @ FaultTree generation (ABC) ...
@ Temporal propagation ...
Sequence generation (generic) ... :
@ Engine for tree computation
@ Docbook Export

[+~ Plugins - PluginStepper

£ Plugins - PluginTranslate

Resume generation while
error number is lesser than :

10

Update progress bar every n sequences 100
|:| Use sequential computation

[ Use multi-thread computation

MNumber of authorized thread |2

[] Use distributed computation (with JXTA)

Default values

User preferences allow segquences generation configuration.

» The alowed error number enables to continue sequences generation despite errors, assuming number of errorsis below
authorized one. This option allows not to stop generation after first error, so it's easier to debug.

« Update progressbar every n sequences enables to display sequences generation progress inside 'task manager'.
« Use sequential computation is used to generate sequences one after the others when there are several targets.

« If Use multi-thread computation is checked, the sequence generation is made in parallel, in several processors at the
same time.

« Incase of distributed computation Grid computing is used.

6.5.3. FMEA generation help

FMEA generation help aims at synthesizing consequences of unitary failures on models. It consists of visualization of
changes made on system for each component-elementary-failure.

It's important to notice - in my view - that a system-FMEA has to be done before every modeling. It enables to identify
every constituent failure mode to take into account during modeling.

Thistool enablesto respond to different needs.

It can be useful:

* To make base of an FMEA for system documentation.

« Tovalidate system modeling by comparing this generation result to a preliminary FMEA.

» To be the base of reflection for breakdown diagnostic. Eventually, the objective is to find a minimal set of significant
signals (flow variable values) allowing to determine location of a maximum number of breakdown. Signature associated
with a set of signals should allow to find the component to be repaired or to be changed.
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Overal principles of algorithm consists in starting from an initial state and firing each model transition, and then display

every model variables.

6.5.3.1. FMEA generation help launching

+[= |Inorder to launch FMEA generation, use the Help to FMEA generation command.

The following dialog window enables to define FMEA generation parameters.

Help to FMEA generation ... @

Result file

Generation options
[ Events filter selection

[] states filter selection
[ Flows filter selection

Display only variables having changed value

Post-Processor | Mone -

Result will be stored in atext file. The ... button linked to Result file displays afile chooser.

Events to be taken into account during transition firing can be filtered. State or flow variables to be displayed in result can

also befiltered. To do this, check corresponding box and enter pat t er n allowing to filter data.

Pat t er n isdefined thanks to Java regular expression that must be applied on the name of filtered data.

Exenpl es
' def'’ => Everything containing 'def' in its name
"def|ccf' => Everything containing 'def' or 'ccf' in its name
(to restrict to failures)
"$Equl\.' => Everything beginning whit 'Equl'. (to restrict to equi pments)
" di agM' => Everything ending whit 'diag'.

Associated with a strict naming rule, filters can restrict generation to data which are important for analysis.

The Only value changed variables Check-box filters results in order to hide variables whose values are the same as their

values at initial state.

When thiswindow is correctly filled and validated, GenFM EA task is added to the task manager of Cecilia-Workshop. On

astandard system, this task shouldn't take along time.

6.5.3.2. Result of FMEA generation
If everything isall right, task ends without error.

Result fileislike:

<?xm version="1.0"?>
<f meagen>
<defi ne>
<par am nane="onl ychange" val ue="true" />
</ define>
<result>
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<tr id="
</[tr>
<tr id="

</[tr>

<state
<state
<state
<state
<state
<state
</[tr>
</result>
<nodel >

event >

</ nmodel >
</ f meagen>

<par anet er

6" evt="Bl. EA def">

<state nanme="Bl. EA. Def"

val ue="true"/>

5" evt="Bl. Kb. def ">

nane="B1
nane="B1
nane=" B2
nane=" B2
nane="B3
nane="B3

<state nanme="AU. Def"
<init value="fal se"/></state>
<state nanme="Bl. EA. Def"
<init value="fal se"/></state>

<state nanme="B1. Kb. Def "

<tr id="3" evt="CCF_B">

Kb. Def "
Kh. Def "
Kb. Def "
Kh. Def "
Kb. Def "
Kh. Def "

<event nanme="AU. def ">
<l aw val ue="constant (1.0)" aralia="constant 1.0"
<event nane="Bl. EA. def">

<l aw val ue="exponenti al (EALbd) " aral i a="exponenti a

val ue="true"/>

val ue="true"/>
val ue="true"/>
val ue="true"/>
val ue="true"/>
val ue="true"/>
val ue="true"/>

domai n="bool ">

domai n="bool ">

<f | ow nane="AU. St op" domai n="bool " orientati on="out">
<init value="false"/></fl ow>
<f| ow nanme="Bl. BNeg" donmi n="KTest_Potentiel" orientati on="in">
<init val ue="Neg"/></fl ow>

noca="drc 0"/ ></event>

EALbd " npca="exp g..EALbd"/></

<par anet er nane="&apos; Bl. Kh. | bd&apos; " val ue="0.0010" aralia="0.0010" nobca="0.0010"/>
nanme=" &apos; Bl. Kb. | bd&apos;" val ue="0.0010" aralia="0.0010" noca="0.0010"/>

It displaysfirst the parameters of the generation.

It displays event name of each transition followed by the value of each system variable (here, having their value changed).

To end, it displays information about system flows, states and events implied in these resuilts.

If data has been filtered, a window displays data that have been taken into account for generation:

=) Info -
Help to FMEA generation ...

Help to FMEA generation ...

=5 B =

lList of flows (filter) : pump

ACC.com pump 1
ACC.com pump_ 2
ACC.pump or.el
ACC.pump or.e2
ACC.pump or.s
pump_1l.commande
purmp 1.flux~pression
purmp 1. flux*water
purp 1.icone

pump 2.commande
purp_2.flux~pression
purp 2.flux-water
pump_2.icone

Close

User's Manual - Version 6.1 - 2022

127/ 265



Cecilia-Workshop

6.5.4. Others tools

6.5.4.1. Statistics

p | Statistics command enables to display information about current model size.
P

Statistics module relies on translation module. Syntax errors, grammatical errors, or errors of setting flat, suspend statistics
display.

On the contrary, Statistics window is displayed.

% Statistics o[ & [

befcre translate

Define domain @ 4

Define functien : 1

Define node : 15 (hierarchical : 3)

Node instance : 29

Hierarchical node instance : 3
After flatness

Flow : 194 (alias : 91)

State : 28

Event : 35

Trans : 35

Extern clause : 39

Expression : 557

m

Close

Statistics are parted in two categories:

1. Beforetrangdlation (Cf. Section 3, “ Trangdlation into 'standard’ AltaRica’): Display number of high level objectswhich are
manipulated (domains, operators/functions, nodes/components ...)

2. After setting flat (Cf. Section 6, “ Setting flat of model”): Display number of low level objects (flow variables, state
variables, events, transitions, ...)

Alias match flow variable defined with equality of type <out > = <var > where out isaflow variable and var a
variable (flow or state).

6.5.4.2. Verification of sequences

Verification of sequences consists in replaying results of sequences generation on the current model, in order to display
possible differences.

The function needs a result of sequences generation in XML format (other formats are not managed).
Information extracted from thisfile are:

 sequences to be played
* target of computation
* initia state of model

A simulation islaunched on current model. Thissimulationisinitialized with initial state found infile. Then, each sequence
of result fileis played. If there is an issue during progress of sequence, an error message is displayed. When a sequenceis
entirely played, computation target must be verified. If it is not verified, an error message is displayed.

6.5.4.2.1. Launch verification of sequences

In order to launch sequences checking, use Verification of sequences ... command.
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A window is displayed, it enables to select file containing sequences to be verified. Once file is selected, a SeqVerif task
is added to task manager of Cecilia-Workshop.

6.5.4.2.2. Results of verification of sequences

If model is not compatible with result file, either in events linked to transitions of sequences, or at computation target level
or at initial setup level, an error message is displayed and verification doesn't start.

=] Info - Sequences verification IE [=] IE

Seguences verification

| -

|.m

ShXParseException : Event 'pump 3.failure' unknow for model

Close

If some sequences have problems, an error message is displayed.

=} Info - Sequences verification = B (S
Seguences verification
|

I
Start Compute

Sequences file : C:\Users‘\cvinuesa\CECILIA\Fire.VerifySequencies.xml
Target : EVI.no_control fire.true
Undetermined transitions : Two or more transition labeled with event 'wvalwve_l.failure' are wvalid at same time.
Current segquence :

house l.fire

wvalwve 1l.failure
Undetermined transitions : Two or more transition labeled with event 'wvalwve_2.failure' are valid at same time.
Current segquence :

house 2.fire

valwve 2.failure

NbrSeq = 38

Close

Finally, if everything works fine, the trace window displays the number of sequences that have been done.

=] Info - Sequences verification EE@

Seguences verification
L

[ -
Start Compute

m

Sequences file : C:\Users\cvinuesa'CECILIA\Fire.GenerationSequence.xml
Target : EVI.no_control_fire.true
HbrSeg = 44

Error : 0
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7. Input / Output

7.1. Setup

Prepare the printing of amodel or system or of the System links window as follows:

» Select the File - Printing for mat menu.
» The Page Setup window is displayed and in the Paper area, select:

|£:| Mise en page @

Papier

Taille : [M v]
Source ; [Sélection automatique V]
Orientation Marges (milimétres)
@) Portrait Gauche : 10 Drote : 10
(7) Paysage Haut : 10 Bas: 10

oK | [ Annuer |

— Thesize (A4 or A3);

— The source (manual feeding or automatic selection).
« Inthe Orientation area, tick the Portrait or Landscape mode.
» Each format or orientation modification automatically updates the scale factor of the page displayed.
* Inthe Margin area, type the margins (left, right, up or down).

 Click on the OK hutton to save the new printing format, or click on the Cancel button to return to the previous format
prior to this window opening.

7.2. Print / Data report
7.2.1. General principle

To print amodel, user can use the & in the File - Menu to print the current view.
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7.2.1.1. Model and Modelisation

The user can export the model display in the current page using the different exports available in the File menu:

R Create .. 4
B Open Ctrl+0
Properties Ctrl+1
n Save Ctrl+5
Save as
i Close Ctrl+W
Freeze
Export
Add to export
Import
@_] Word2003 (Xml) Al W
@] Docbook => Word2003
i Docbook Export Alt+D
8 Model export AltsX
¥ Tool MinCuts => BDDEngine
BE M diff utility
Printing format
& Pint Ctrl+P
Quit Cirl+Q

To print a modelisation, user can proceed in the following way:

« Select the system version you want to print, in tree of the considerate model;
* Open Modelisation;

* Select the File - Print menu or click on the = icon to print selected system. When printing architecture, select the
pages to be printed.

Print architecture @

Select pages to print :

Exemples,Fire/Command_Center; 1

* Click on the Validate button, or click on the Cancel button to abort the printing;

A In the Prefer enceswindow - Optionstab, it is possible to select afile containing alogo which will be added when
printing.

7.2.1.2. Print Tree

The graphical representation of a Treein afile can be print using the following procedure:

* Sdlect thetreeto be saved in afilg;
User's Manual - Version 6.1 - 2022 131/ 265




Cecilia-Workshop

Click on the El icon in the tool bar or click with the right mouse button on the tree icon in the opened tree list

FaultTree

Proj... Sys... Tree State

Tree view
Events list
Informations

Preview before printing

MNominal compute

CE=ET-EY:

Compute after first failure

Close

i,

and select the [&, Preview before printing option and the following window appears:

Preview before printing IEI
Automatic GSR. setup

Level ;3 - |

3
Vg Cancel

r
5
k=
7
=]
2|

This window allows the user to choose the level of the Graphical Sub Roots either automatically or manually. It means
the level which the treeis cut in apoint of view of the graphical representation.

If the user clicks on the Validate button, the following preview window then appears:

[& Print View : Manual\Centrale\centrale(1.0) = B (S

b [[] Graphic Subroot

Page 112
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Theicon =) permits to print the tree representation. The following window appears to choose the options:

‘ﬁ Print tree

[ Validate ] [ Cancel

The icon @—j permits to export the Tree in xml version which can open with Word. The following window appears to
choose the options:

‘&, Tree view file report

Top Vi

Top event name Size Page

File name |C:\Jsers\cvinuesa‘centrale(1.0)_TREE.xml E

[ validate | [ cancel |
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Theicon = permits to open the Page Setup window.

|£| Mise en page

Papier

Taille : [M v]
Source : [Sélection automatique v]
Orientation Marges (milimétres)

©) Portrait Gauche : 10 Droite : 10

(7) Paysage Haut : 10 Bas: 10

[ ok ][ Anuer |

A In the Preferenceswindow - Optionstab, it is possible to select afile containing alogo which will be added when
printing.

ﬁ Preferences

=5 Preferences
Fil-£]) Environment
-~ Desktop

[Z] Tools bars
{27 Edition

Z Inputs/Outputs Events list
[~ Simulator
Ela FaultTree Contents

- @ Colors [] Quantitative analysis Table of contents
- @ Clipboard
- i@ Import [ Event summary [] Reminder
- @ Tool bars

- @ Saving options ... Events
Cl Display/Views preferences [ Intermediates 7] 5ub trees
[} Print/Export preferences
@ Tree view [] Undeveloped Inspected
R vents lis
@ Cuts list/M.EL. [F] Graphic subroot Inflight tested
@ Tree properties )
@ FRE Fields
i @ Eventglobal list [] Number [T Periodicity
[#~(] Plugins - FluginAction
[#-[Z] Plugins - PluginStepper Law [C] Exposure
[~ Plugins - PluginTranslate [F] Occurrence [F] Properties
Comment Attributes
[E]Frb [] Fmea

7.3. Import/Export data into XML format

In order to facilitate data exchanges, Cecilia-Workshop allows export and import of every Cecilia-Workshop modelisation
(models, component, equipment, type, operator) into XML Format.

7.3.1. MBSA models Export

To export data, user must proceed as follows:
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» Select Export command of File menu;

 Activate the export setup;

° Click on
¢ Chose the export file,

ile

o we[d

B,

24 EE

(O 7
D
hap!

Create ...

Open
Properties

Save

Save as

Close

Freeze

Export

Add to export
Import
Word2003 (Xml)
Docbook => Word2003
Docbook Export

Model export

J#F Tool MinCuts == BDDEngine

2k

]

MCS diff utility

Printing format

Print

Quit

Ctrl+0
Ctrl+1
Ctrl+5

Ctrl+W

Alt+W

Alt+D

Alt+X

Ctrl+P
Chrl+Q

&% Export

Export file name :

C:\Users\cvinuesa\Desktop\essai.exp

Items exported

fa} Exemples/Fire/FIRE; 1

Comment

[] Put default law on events and synchronizations

Default [aw:

| button in Export File Name Area;

» The user must now add the elements that have to be exported. Select an element in the object manager and use the File/

Add to Export menu, or Drag and Drop the object in "Items exported" area.

e The Comment area allows exported data description.
« If Put default law on events and synchronzsationsis cheched during export: the default law is only put on events and

synchronizations that have no law. Use the Default law areato enter the default law

» Click on Validate button to export or on Cancel to cancel exportation

A Freeze Objects can't be exported.

7.3.2. MBSA models Import

To import data, user must proceed as follows:
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e Select Import command of File menu;

JE Create .. L4
& Open Ctrl+Q
Properties Ctrl+I
H save Ctrl+S
Save as
i Close Ctrl+W
Freeze
Export
Add to export
Import
W] wWord2003 (Xmi) Alt+W
W7 Docbook => Word2003
i Docbook Export Alt+D
@ Model export Alt+X
]’[‘E Tool MinCuts => BDDEngine

EE mcs diff utility
Printing format

& Print Ctrl+P
Quit Ctrl+Q

« If documents still open, the following window appears to close the project:

&2 Open items saving (25a]

Some elements are currently in edition.
Do you want to dose opened views and continue the import ?

| Continue | [ Cancel
 Activate the export setup;
£ Import EX5
Import file name :
Find conflicts | | Properﬁes|

Systems | Components | Equipments | Operators | Types | Images I Daia|

* Click on button in Import File Name Area;

» Chose the export file (extension .exp) containing CeciliaWorkshop data. The Properties tab allows visualization of
properties associated to the imported data (creation date, comment, and owner);

« Click on Check Import to launch validity check. This check do the following operations:

e XML Format validity Check. Detected errors are displayed un "impossible imports' to: data access issues (family or
project reachable in read only mode, model or system version unreachable or reachable in read only mode)

Only ascendant compatibility isensured. (File exported with 3.1 version can't beimported with previousversion).
« Detection of conflict between imported data and data in database.

This difference detection is made essentially with the last modification date of each imported element compared
totheonein the database. Detected conflicts are displayed depending on their typein thefollowing tabs: Systems,
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Components, Equipment, Operators, Types, and | mages. By default, datain database are not updated during data
importation.

Nevertheless, the user can specify, for each conflict, an update of the database with a click on @ . To indicate
this update, the lock icon is associated to the imported element. The All button allows update of all displayed conflicts
in the tab.

‘g Import IEI

Import file name :

C:\Users\cvinuesa'\Desktop\essai.exp [I]

{Find conflicts }| | Properties|

| I I I [ e K

& Alias/1
% Type/1
R weight/1
W& Zone/1

Ex E: Ex Ex

E oooo

 Click on Validate to import or Cancel to cancel importation.

7.3.3. Fault tree models Import
This command allows the user to import projects, systems or treesin the database from XML files.
The files must contain either projects or systems or trees but not different types of objects at the same time.

To import data from XML files, proceed as follow:

o Projects

{3 Exemples
[Ej Fire
(3 System_A

Create ... 4
Remove

Open

Mew version

Duplicate model

Rename

Copy

Copy to clipboard
Cut

Paste

i o< & &

Freeze model

Add to export
Properties
Tree properties

Import [ XML file (*xml)
Export [ Aralia file (*.dag,*.ara)
ARB file (*.arb)
Cafta v files (*.bet)

Add associated file

Remove associated file

Open associated file

 Click on the mouse right button in the manager to gain access to the pop-up menu;
* Select the XML import option.
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e Thefollowing window appears:

& Import ==
Rechercher dans : [ Cedlia - ¥ m,
L =
o B Cecilia-5.1.3
Documentsr... Export
Export2
! Formation
Bureau
Mes documents e e
[ ] N r -
L N N 5

The user selects the XML file to be imported and click on the Import button to start the import or on the Cancel button
to cancel his action.

Two cases can occur at thistime: either the XML file contains projects or it contains systems or trees. In the first case,
import proceeds without any further information.

The user hasto select the node under which he wants the imported datato appear: either asystemif the file containstrees
or aproject if the file contains systems.

This window shows the data (projects, systems and trees) being imported.

At the end of the import, areport is shown to the user if needed. It shows the whole not imported data. This one is that
which is already in the data base. It can be:

Project elements (projects, systems or trees);
Named parameters,

Attributes;

Equivalencies;

FRB elements.

Each datatypeis presented in a dedicated tab as follows:

& Import report @
Mot imported attributes | |
¢ fiot imported FRE objects
Family Equipment Function Defect Event Model  Version
Elec-Syst -
Elec-Syst F7X |E|
Elec-Syst F7y Goo —
Elec-Syst F7x Goo Bus-A
Elec-Syst F7X Goo Bus-A Poweross 1
Elec-Syst F7X Goo Bus-B
Elec-Syst F7% Goo Bus-B Powerdoss 1 -

7.3.4. Fault tree models Export
This command allows the user to export projects, systems and trees contained in the database to XML formatted files.
To export either projects, systems or trees, proceed as follows:

* Select either projects, systems or trees in the document manager;
« Click on the mouse right button to gain access to the pop-up menu;
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* Select XML export option.

,533, Projects
[—1 Exemples
[C] Misc
i System_A
EIEEj Essai_2
‘ Models
E@W Create ... 4
Remove
Open

Mew version
Duplicate model

Rename
Copy

Copy to clipboard
Cut

LN & 4

Paste
Freeze model

Add to export
Properties
Tree properties

Import 4
Export 4 HML file (*.ml)

) . . Aralia file (*.dag,*.ara)
Add associated file

Remove associated file

Open associated file

The following window appears.

& Brport =X
Rechercher dans : [ . Cedilia = : = m'
D= L
&y . Cecilia-5.1.3
Documents ... , Export
J Export2
! . Formation
Bureau
Mom du fichier :

£ Type de fichier : [ (= i) Fichier XML |

The user selects the XML file to use to export the data inward and click on the Export button to start the export or on the
Cancel button to cancel the action.

7.4. Fault trees DAG Import/Export

7.4.1. Import
This command allows the user to import trees contained in Aralia formatted files (extensions DAG or ARA).
Toimport atreecontained in a Araliafile, proceed asfollow:

» Select a system in the document manager;
« Click with the mouse right button on the document manager to gain access to its pop-up menu;
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» Select Import - Araliafile (*.dag, *.ara) option.

i3 Manual )
-5 Attributes
£ G
E‘@ F Create ... »
| =4 Remove
%j Copy’ Open
-5 DSF MNew version
- Sub-t }
i %j Wate Duplicate model
[C1 Misc Rename
[Z1 Water_sc

) zz_cosT Copy
Copy to clipboard
cx; Cut

————

Past
MBsA | Fault B Paste
Freeze model
Proj... Add to export

Properties

Tree properties

Import G XML file (*xml)

ARB file (*.arb)
Cafta w4 files (*.tt)

Add associated file

Remove associated file

Open associated file

Export ’ Aralia file (*.dag,*.ara)

The user selectsthefileto beimported and press the Open button to start theimport or the Cancel button to cancel itsaction.
At the end of the import, the new created tree appears under the previously selected system node in the document manager.

7.4.2. Big tree

For some studies, the Aralia equations are huge (Araliafiles of several dozens of Mbytes). These trees equations are not
editable by Cecilia-Workshop software. In these cases, FaultTree tool offersalimited edition by enabling modification only

on basic events and the global treeis not displayed. Qualification of big sized treesis determined at the import.

User can define the minimum size to consider a Fault Tree asBig Treeinthe Launch. i ni file.

pe

| Launch.ini - Bloc-notes
Fichier Edition Format Affichage 7

f=l@]

v
||

# Another options

cecilia. arbor. compute.mcSReaderLimited = 10000000
cecilia. arbor. compute.caaLevel = 4

cecilia. arbor. compute.caawithoutProbability = true

cecilia. arbor.BigTree.Minsize=10ko

# Properties JIXTA (Client)
# ________________________
cecilia.include. jxta=. /core/Launchpistrib. ini

m

Exported files with a size superior to 10ko will be imported as equations BigTree
The consequences for atree to be a big tree are the following:

« Their editionislimited (see Section 5.1.2, “Events edition” );
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« Itisnot possible to modify the structure (struture not visibled in the TreeView);

#% View : Import_FaultTree_BigTree\BigTree\GenerationAircraft(1.0)

= | [ 8o

¥

Level

= Eon =

unexpe:’e.falu

* However, in the event list user can see al the events and the root event:

Fields | substitute

[ Events: Import_FaultTree_BigTree\BigTree\GenerationAircraft(1.0)

lo[E =

[T Per flight hour

Al

-

Quantity 36 on 36

Events

location_module. bus. fai...

Comments

Given laws Inspected

exponential 1.000E-04 H

Attributes

»

location_maodule, calculn, ..

exponential 1.000E-04 -

location_module. calculn. ..

exponential 1.000E-04 m

location_module. calculn. ..

exponential 1.000E-04 m

location_maodule, calculn, ..

exponential 1.000E-04 -

location_module. calculn. ..

exponential 1.000E-04 m

rescue. failure

exponential 1.000E-04 m

screen_1. failure

exponential 1.000E-04 -

m

screen_2. failure

exponential 1.000E-04 m

screen_3.failure

exponential 1.000E-04 m

screen_pilot.and_2.out_0

exponential 1.000E-04 -

screen_pilot.and_2.out_1

exponential 1.000E-04 m

screen_pilot.and_3.out_0

exponential 1.000E-04 m

screen_pilot.and_3.out_1

exponential 1.000E-04 -

screen_pilot.not_l.out_0

exponential 1.000E-04 m

screen_pilot.not_1.out_1

exponential 1.000E-04 m

screen_pilot.not_2.out_0

exponential 1.000E-04 -

screen_pilot.not_2.out_1

exponential 1.000E-04 m

screen_pilot.relay_1.un...

exponential 1.000E-04 m

screen_pilot.relay_1.un...

exponential 1.000E-04 -

screen_pilot.relay_2.un...

exponential 1.000E-04 m

screen_pilot.relay_2.un...

exponential 1.000E-04 m

S -

4=l 1_Annc na

4

LU

» Using the event list, user can modify basic events: modify the type of laws, the value, the inspection, link to a FRB but
it isnot possible to link to a Sub-Tree;

¢ Itispossibleto print the event list;
« Itisnot possibleto print the Treg;

* Itisnot possibleto export in DAG version;
 Itispossibleto exportin XML version;

7.4.3. Export

Toexport atreein aDAG format , proceed as follow:

 Select aTreein the document manager;

« Click with the mouse right button on the document manager to gain access to its pop-up menu;
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o Select Export - Araliafile (*.dag, *.ara) option.

| P Fault Trees
] -4 centrale

E[Ej Centrale ‘ ‘

%j Copy of Attr Create ... L4
[Ej DsF Remove
'Ej Sub-trees

B Water_Tank Open
[—] Misc New version
[Z] Water_source
) 2Z_cosTA

Duplicate model

Rename
Copy

Copy to clipboard
k.3

Cut
Proj... Sys...
- i E Paste
Freeze model

Add to export
Properties
Tree properties

Import 4
Export 4 HML file (*.aml)

Aralia file (*.dag,”.
Add associated file e

Remove associated file

Open associated file

The user selects the file where he wants to save the export file.

7.5. Others import format possible
It is aso possible open the following fault tree format:

* ARBfile:
» CaftaV4files

Import r KML file (*.xml)
Export L Aralia file (*.dag,”.ara)
ARE file (*.arb)
Cafta vd files (*.bd)

Add associated file
Remove associated file

Open associated file

7.5.1. ARB file import
This command allows the user to import trees contained in ARB formatted files.
To import atree contained in an ARB file, proceed as follow:

» Select asystem in the document manager;
« Click with the mouse right button on the document manager to gain access to its pop-up menu;
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» Select Import - ARB file (*.arb) option.

{3 Manual
B Attributes

2 Copy ¢ Create ... 4

-2 DSF Remaove
31 Sub-tre 7
-5 Water| pen
[C] Misc New version
(1 Water_sou Duplicate model
£ 72_cosTA
Rename
Copy
Copy to clipboard
é{; Cut
s — E Paste
FaultT
Freeze model
Proj... 2 Add to export
Properties

Tree properties

Import 4 KM file (*.ml)
Export [ Aralia file (*.dag,*.ara)
ARE file (*.ark)
Cafta wd files (*.txt)

Add associated file
Remove associated file

Open associated file

The user selectsthefileto beimported and press the Open button to start theimport or the Cancel button to cancel itsaction.
At the end of the import, the new created tree appears under the previously selected system node in the document manager.

7.5.2. Cafta file import

This command allows the user to import fault trees from Caftafiles. Cafta export its datain several files. The file datatypes
are as following:

e Gatelist in aphabetical order;

» Gatelist in adepth first order;

e Gate description;

 Basic event probability/description;

» Basic event full definition (with type code).

One of the gate list fileis required as well as one of the basic event description file. The gate description file is optional.
To import atree contained in Caftafiles, proceed as follow:

» Select a system in the document manager;
« Click with the mouse right button on the document manager to gain access to its pop-up menu;
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o Select Import - Cafta v4 file (*.txt) option.

Create ... L4
Remove

Open

MNew version

(] Water_st Duplicate model
7 zz_cosi
Rename

Copy

Copy to clipboard
Cut

i &< @ 0

Paste
MBsA | Faul Freeze model

Praj... Add to export

Properties
Tree properties

Import 4 XML file (*aeml)
Export L Aralia file (*.dag,*.ara)
ARE file (*.arb)
Cafta v4 files (")

Add associated file
Remove associated file

Open associated file

The following window appears:

Cafta export files

Gate list (alphabetical)
Gate list (depth first)
Gate description

Basic event probability /description

aaaaal’

Basic event full definition {with type code)

[ validate ] [ Cancel

* Select thefilesto be imported using E];
« Pressthe Validate button to start the import or the Cancel button to cancel its action.

At the end of theimport, the newly created tree appears under the previoudy selected system node in the document manager.
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8. FMEA

8.1. Main principles

The FMEA part contains two notions under Cecilia: the notion of FMEA model and the notion of FMEA table.

The FMEA models allow to define the different relationships between entities appearing in the studied FMEA model and
the associated table structure and presentation. An entity-relationship model is used to describe entities and rel ationships
present in the model. The FMEA model management is done throughout a dedicated window.

The FMEA models are used during FMEA tables building. Then, an FMEA table refer an FMEA model. Under Cecilia, the
FMEA tables are managing in the same way as the fault trees. They are, in the document manager, attached under system
folders and are managed in versions.

The FMEA table datacan bereferenced by rate under the Failure Rate Bank. In the sameway, in an FMEA table, anumerical
datain acell can be referenced by another cell in another table.

8.2. FMEA models

8.2.1. The FMEA model manager

The FMEA model manager window is accessible with the FMEA model manager command located in the FaultTree
Tools menu as shown on the following figure:

IEE Options  Help

Flug-ins Manager

Frnea model manager
j=F€ Tool MinCuts = Aralia
5[ mire
3¢f oiFf-mcs

H’" Crnds Aralia

The following figure shows the FMEA model manager window.

" [ Fmea model manage

Friea models

add

Remaove
Impork
Exporter

[ add | Updste ||

Remove

Mame | Friea Madel 1
Description

Friea model example ~

Entities | Fielationships betwesn entiies | FMES Tabls fislds

Mame
Causze |
Failure mode |

Thiswindow allowsto do al the actions required to manage FMEA models.
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The following actions are provided to the user:

¢ Add anew FMEA model

« Update the selected FMEA model

* Remove the selected FMEA model

e Import an FMEA model contained in an XML formatted file
« Export the selected FMEA model into an XML formatted file

The FMEA model manager window contains two main areas.

The left part of the window shows the existing FMEA modé list. This part allows the user to select one or some models
on which apply an action.

Theright part of the window showsthe FMEA model definition selected in the list on the left part. It contains several fields
asthe FMEA model name, its description as well as three tabs, the goal of which will be described below in the document.

A Theright part of the window is enabled only when Add and Update commands are used.

8.2.2. Creating a model

To create an FMEA model from scratch, the user launches the Add command. The right part of the FMEA model manager
window became enabled to modification. The only requested field is the Name field.

In order to validate the model creation, the user presses the Validate button. If he wants to cancel al the modifications,
he presses the Cancel button.

In order to be usable, amodel has necessarily to contain at least one column then at least one entity model.
An FMEA mode building is realized by the three following steps:

« Creation of the entity models,

 Creation of the relationships between entity models,

* Definition of the entity model path used in the model based tables.
* Creation of the model based table columns.

The following chapters describe in details each of these steps.

8.2.2.1. Creating an entity model

An entity model owns an identifier and a set of attributes. This information has to be filled in the Entities tab in order to
validate the entity model creation.

The model identifier allows the user to identify in aformal way base, one entity of the model. So, it must be unique for the
concerned model. Concretely, the identifier is an attribute having as name, this one of the model and astype, the special one
named 'identifiant' derived from the 'string' type. An identifier is then a character string.

Even though it is displayed in the attribute table, the ‘identifiant' attribute is by nature neither modifiable concerning its
definition not removable. Its presence in the table is just to inform the user about its existence and its importance for its
future use.

The identifiers are used at several points:

« when referencing an 'identifiant' attribute while defining a column,
« when using an 'identifiant' attribute while matching file fields with FMEA table columns on a textual import,
e etc.
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To create an entity model, the user selectsthe Entitiestab and pressesthe Add button to show the following dial og window:

£ New Entity

Mame | EntityDefiritior63 |

Attributes

Mame Type
EntityD efinition63 |idenliﬁanl

Add

The dialog window contains a field that contents the entity model name to create or to modify and an area containing the
entity model attribute list. During the entity model creation process, the Name field is filled by default with an automatic
generated name. The user isinvited to change this string.

To add new attributes, the user pressesthe Add button on this dialog window in order to show the following dial og window:

2 New Attribute

Mame | attribute

Type

string
integer

ancel
double :

enumeration

The user fills the name of the attribute in the Name field, select its type among the possible ones (string, integer, double
or enumeration) and confirm the modifications by pressing the Validate button. If he wantsto cancel all the modifications,
he presses the Cancel button.

Supposing that the user has created the both following entity models: 'Failure mode' and 'Cause’ during the 'Fmea Model 1'
FMEA model creation or modification, the FMEA model manager window will appear as follows:

[ Fmea model manager
Frnea maodels MHame | Frea Model 1 |
Frivea lodel 1 Description
Fmea model example 5
b
Entities | Relationships between entities | FMEA T able fields
Marme Add
Cauze
Failure mode:
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8.2.2.2. Creating relationships between entity models

The creation of the relationships between entity models is done throughout the corresponding Relationships between
entities as shown on the following window:

[} Fmea model manage
Frea maodels Narne | Frnea Model 1 |
Frivea odel 1 Description
Fmea model example 5
“
Entities | Relationships between entities | FMEA T able fields
Enitity Related entity Tupe Entity path used
....... B3 Cause
------- B3 Failure mode
Add

Before creating a relationship, the user has to create at least two entities. A relationship defines the association existing
between two entity models in the entity-association underlying model. Two association cardinalities are allowed:

« 1-1: an entity of thefirst model is associated to only one entity of the second model,
* 1-N: an entity of the first model can be associated to several entities of the second model.

To create a new relationship, the user presses the Add button located above the relationships list. The following window
appesars:

£ New Relationship @
Fielated entity
Tupe One to Many
One to Many
ane ta One

Then, the user selects the both extremities of the relationship and its type (One to One or One to Many) in function of the
nature of the association.

To vaidate the modifications, he presses the VValidate button, to cancel he presses the Cancel button.
Using the previous example, if the user creates the following relationship:

¢ 1-N entre 'Failure mode' and 'Cause,
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then the FMEA model manager window appears as shown on the following figure:

. [ Fmea model manager

Fmea models MName | Friea Madel 1
Frivea odel 1 Description
Fmea model exsample -

Entities | Relationships between entities | FMEA T able fields

Enitity Related entity Tupe Entity path used
Failure mode |Cause |Dne ta Many |

Add

The reader will notice the new information inside the Entity path used area on the right side of the tab. This information
is described in the following section.

In aworry of clearness, in al the rest of the document, we will adopt the following convention: the model located in the

'Entity’ column of thetablewill be named the source of the extremity and thisonelocated inthe 'Rel ated entity' the destination
of the extremity. Thiswill allow avoiding all the confusions when using these notions.

8.2.2.3. Defining the entity path used in the FMEA model based tables

The definition of the entity path used in the FMEA model based tables is done throughout the Entity path used area of
the Relationships between entities tab.

The user should remind that one line of the FMEA table contains necessarily the data of one set of entity linked between
them by relationships. A path isthen built by al these entities, deduced directly of the corresponding relationship path.

The Entity path used area contains all the paths deduced of the existing relationships between entities. In our example,
only one path can be exploited: Failure mode -> Cause. The user cannot select another path than this one.
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By selecting the 'Cause’ entity model in the Entity path used area, the user defines the used path as (‘Failure mode' ->
‘cause’). The following figure shows the result, that all of the chosen path nodes are selected.

. [} Fmea model manage

Frnea models Mame | Frnea Model 1
~
~

Frivea lodel 1 Description

Friea model example

Entities | Relationzhips between entities | FMEA T able fields

Eritity Related entity Type Enlity path used
Failure mode: |Cauze |One to Many

Add

8.2.2.4. Defining the FMEA table model associated to the FMEA model

Remind that the FMEA tables are composed of columns, these columns are placed In a orderly way. Each of the table
columnsislinked to an entity model attribute created previously or used to display theresult of an arithmetic formulataking
as entries other column cells values.

When the column is linked to an entity model attribute, its type correspond to the attribute one and its value directly reflect
the attribute one.

In the case of the use of aformula, the only one columns that can participate as input variables are necessarily of numerical
type. The number of input variablesis not open. The use of formulais described below in the document.

The definition of the structure of the FMEA tables associated to the model isthe last step of an FMEA model creation. This
step isdone throughout the FM EA Tablefieldstab of the FMEA model manager window as shown on the following figure:

[} Fmea model manage AE R
Frnea maodels MName | Fmea Model 1 |
[Frivea plodel 1 Description
Frmea model exsmple ~
v
Ertities | Relationships between entities | FMEA Table fields
Mo | Mame Entity linked Attribute linked Formula add
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Thistab is composed of atable containing the set of the FMEA table columns associated to the model with their properties.
The table is composed of the following columns:

 Position: position of the column in the table (from 0 and left to right),

* Name: name of the column,

« Entity linked: entity the column is link to which,

Attribute linked: attribute the column islinked to which,

» Formula: formula applied to obtain the result displayed in the column cells.

The following actions are provided to the user:

¢ Add anew column the FMEA table model definition

 Edit the selected FMEA table model column definition

» Remove the selected FMEA table model column definition

« Move Up the column to a position up in the FMEA table model

* Move Down the column to a position down in the FMEA table model
« Sort the FMEA tables based on this model and merge cells

« Dictionaries: to manage dictionaries

In the column description table, the position of these columns is sorted in ascendant order.

To create and add a new column definition to the FMEA table model definition, one entity model at least must exist. The
user presses the in order to show the following dialog window:

2 New Column

Mame

(®) Link

Entity linked Cauze w
Atribute linked Cause v
() Formula

The user fills the Name field in with the new column name and then select the chosen column type with the Link and
Formula options.

If the user choosesthe Link option, the column islinked to an entity model attribute. The user then chooses the entity model
and the attribute by using the provided fields.

If the user chooses the For mula option, he then has to press the Edit for mula button in order to create aformula. We will
see the formula edition later.

When al fields of the New Column dialog window arefilled, the user confirmsits modificationsby pressing onthe Validate
button. If he prefersto cancel all the modifications, he then presses on the Cancel button.

Using the previous example, let us admit that the user has created the five following columns:

Name Entity linked Attribute linked
Failure mode Failure mode Failure mode
Failure cause Cause Cause

S Failure mode Severity
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w)

Failure mode

Detection

Cause

The FMEA model manager window then appearslike this:

. [ Fmea model manager

Occurrence

Frnea models

Friea Wadel 1

Mame | Frnea Model 1
Diescription
Froea model example +
v
Entitiez | Fielationzhipz between entities | FMEA T able fields
Mo | Mame Entity linked Aftribute linked Formula Add

0|F ailure rmode Failure mode Failure mode

1|Failure cause Cause Cauze

25 Failure mode Severity

3D Failure mode Detection

40 Cause Ocourence

Validate | [ Cancel |

The user can notice that the Formula column stay empty as the column principal type is not the result of an arithmetic

computation defined by aformula.

8.2.2.5. Create a formula associated to a column

To create a formula associated to an FMEA table model column, the user opens the edition dialog window by pressing
onto the Add button or onto the Edit button, selects the For mula option, finally presses onto the Edit for mula button. The

following dialog window then appears:

o

< Formula editor

Enter an arithmetic: farmula in the text area. The
available operators are +, -, ¥ and A The columis
are named $n. There iz no precedence between
operators. Tou can use parenthesis.

Example: $T$2+53) $1°52753. 275152, etc.

Lse the following convention to refer to columis:

$2-5
$3=D
$4-0

The edition areais located in the center of the window with a white background. The lower part of the window shows the
columns that can be used as input variables in the formula.

Concerning the formula syntax, the available operators are the following ones: +, -, * and /. Thereis no precedence between
operators so you can use parenthesis to define the order of the calculation. The input variables must correspond to columns
of numerical type (Integer or Double). Literal numerical values can be used.

An input value is written as follows:
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$n

Where nis the column position in the edited table model.

To confirm its formula, the user presses onto the Validate button. To cancel them, he presses on the Cancel button.

When the user presses onto the Validate button, a syntax check is done on the formula. An incorrect formula cannot be
saved. When aformulaisincorrect, amessage is shown.

For instance, if the user enters the following formula: $2 * A and presses onto the Validate button, the following message

is then shown:

Invalid Formula: unexpected character {current position = 53
§2% 4

If the user enters the following formula: $2 * $3 * $4 and presses onto the Validate button, the formula is then accepted

and the edition window appears as follows:

2 New Column

Mame

() Link.
Entity linked
Attribute linked

(®) Formula

§2 * §3 * §4

The user confirmsthe modification by pressing the Validate button. The FM EA model manager window appearsasfollows:

[ Fmea model manager u E m
Friea maodels Mame | Frea Model 1 |
Frivza ode! 1 Degcription
Frea model exsmple N
b
Entities | Felationzhip: between entities| FMEA Table fislds
Mo | Mame Entity linked Attribute linked Formula Add
0|F ailure mode Failure mode Failure mode
1|Failure cause Cause Cauze Edit
2|5 Failure mode Severity
30 Failure mode Detection Remove
40 Cause Oceurence
5C $2" 437 44 Muorve Up
Muove Diown
Add Update Flemove
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With our example, we shew how to create a column containing the criticity (C) of afailure cause resulting of the product
of the failure mode severity (S), the failure cause occurrence(O) and the failure mode detection (D).

8.2.2.6. Defining a sort set and merging cells

The user can define asort at the FMEA table model level. Furthermore, the user can achieve an operation called cellsmerge
which will be explained bellow. The sort and the cells merge operations are defined at the FMEA table model level so apply
on all the FMEA tables which are based on.

These operations are accessible by using the Sort button. When the user presses onto this button, the following dialog
window appears.

£ Sort lines

M Il
[] Merge cells e

Sort lines by the following columnsz:

Remove

Calurnn Order
Maove Up

Mave Down

k

Cancel

This window is based on a table containing the columns used to do the sort of the FMEA table lines. The functionality of
cellsmerge exist as an option of the sort processing with the following label Merge cells.

The main actions available on this window are the following ones:

« Add anew sort column,

* Remove the selected sort column,

* Move Up asort column,

« Move Down asort column,

» Validate al the actions done in the dialog window,
» Cancel al the actions done in the dialog window.

The sort is done on the first column of the table, then on the second column and so on. The Move Up and Move Down
commands allow the user to change the order of the multi-column sort using order. The sort on acolumnisdonein ascending
or in descending order.

Depending on the M er ge cells checkbox button, the number of columns of the sort definition table change: If the option si
not activated, the table columns are the following ones:

e Column: name of the column used in the sort,
* Order: sort order for the column (ascending or descending).

If the option is activated, the table columns are the following ones:

e Column: name of the column used in the sort,

» Order: sort order for the column (ascending or descending),

* Formula: indique I'emploi d'une formule pour obtenir les valeurs de cette colonne,

e Operation: formula applied on the source column merge cells,

» Source: name of the column containing the cellsimplied as effective parameters of the formula.

The Operation and Source columns cells are editable by double- clicking on the cells and at the condition that the
corresponding Formula cell is selected.

The cells merge during the sort definition is an action that allows to merge cells which are placed at contiguous cells by
the sort operation.

Once the cells grouped by the sort operation, it is possible to use aformulain order to obtain the values of a column from
the values of the grouped source cells. The conditions requested to make things work are the following ones:
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« the source column type must be humerical,
« the column containing the result of the formula application must be of numerical type,
« the cells merge must be realized by an adequate choice of columns to be used for the sort operation.

Let ustake an example. Let us assume that the user has changed the FMEA table model as shown on the following figure:

. [ Fmea model manager

Frnea model:

Frivza iodel 1

Description

Fmea model example

LA T3

Entities | Felationships between entitizs| FMEA Table fields

Mo Mame Entity linked Attribute linked Formula

(|F ailure mode Failure mode Failure mode
1|FM - Rate Failure mode Rate
2|Failure cause Cauze Cauze
J|Fail cauze - Rate  |Cause Rate
4|Effect Failure mode Effect

G Failure made Severity
6D Failure mode Detection
7|0 Cauge Ocourence
8c 45 46" 47

Add

- [ONX]
MName | Fmea Model 1

Let us now assume that the user has created an FMEA table based on this model and that he has entered datain this table.

The following figure shows the FMEA table edition window with the data entered by the user:

. B2 Fmea : Project/System/Fmea1/1.0

File Edit Tools

B oo B0 BOPE B

Failure mode FM - Fate Failure cause Fail cause - Rate Effect S o] 3
FM_1 new Cauge 3 1.000E-01 Effect 0 0.000E00
FM_1 new Cauze 1 2.000E-01 Effect 0 0.000E00
FM_2 new Cauge 4 5.000E-01 Effect 1 0.000E00
FM_2 niew Cauge 2 4.000E-01 Effect 1 0.000E00
FM_0 new Cauze 0 3.000E-01 Effect 2 0.000E00

In thetable, lines are not sorted. They are organized in an undefined order.

L et us assume that the user defines the sort shown on the following figure:

£ Sort lines

[ Merge cell:

Add
Sort lines by the following columns:
Remove
Calurnn Order
Failure mode |Ascending | Mave Up

Muove Down

k

Cancel
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The following figure shows the change on the FMEA table edition window:
- [olx])

. B2 Fmea : Project/System/Fmeal/1.0
File Edit Tools

B obo B0 ROBE RO

Faluemaode | FM-FRate | Falwecauws | Falcause-Rate |  Effect | 5 I D I u] I S
FM_0 new Cauze 0 3.000E-01 Effect 2 0.000E00
FM_1 new Cauze 1 2.000E-01 Effgct 0 0.000E0D
FM_1 new Cauze 3 1.000E-01 Effect 0 0.000E00
FM_2 new Cause 2 4.000E-01 Effect 1 0.000E00
FM_2 new Cauze 4 5.000E-01 Effect 1 0.000E00

We can here notice that the lines are well sorted on the 'Failure mode' column in ascending order. We can also notice the
grouping of cells with the same value in this column.

We assume now that the user would like to merge cells that have been grouped by the sort operation by the following way:

£ Sort lines

Merge cells

Add
Sort lines by the following columns:
Remove
Calurin Order Farmula Operation Source
Faiure made |4scending | O | | | Mave Up
Effect |Ascending | [ | |

Muove Diown

k

Cancel

The result appears on the following figure:

. E2 Fmea : Project/System/Fmea1/1.0
File Edit Tools

6 eo 59 B PS (B0

4 Failure ... FM - Rate Failure cause Fail cause - Rate Effect 5 D u] [
FM_0 new Cause 0 3.000E-01 Effect 2 0.000E00
FM_1 new Cauze 1 2.000E-01 Effect 0 0.000E00

new Cauze 3 1.000E-01 0.000E0D
FM_2 new Cause 4 5.000E-01 Effect 1 0.000E00
rew Cauge 2 4.000E-01 0.000E00

The both concerned columns are 'Failure mode' and 'Effect’.

Let us assume that the user would like to fill the 'FM - Rate' column in with the result of the sum of 'Failure cause - rate'
column cell values. The definition window includes the following information:

£ Sort lines

Merge cells

Add
Sart lines by the following columns:
Remove
Column Order Formula Operati... = Sounce
Failure mode |Ascending | [l | | | Mave Up
Effect Ascending

nding Maove Down

o
o

Cancel
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The 'FM - Rate' column was added with a formula specification.

The result of the formula application is shown on the following figure:

B2 Fmea : Project/System/Fmea1/1.0
File  Edit  Tools

B oo 30 B PR B

4 Failure ... FM - Rate Failure cause Fail cauze - Rate Effect 5 o} a [
Fi_0 3.000E-01 new Cause 0 3.000E-01 Effect 2 0.000E00
FM_1 3.000E-01 e Cause 3 1.000E-01 Effect 0 0.000E00

riew Cauge 1 2.000E-01 0.000E00
Fi_2 9.000E-01 new Cause 2 4.000E-01 Effect 1 0.000E00
new Cause 4 5.000E-01 0.000E00

8.2.2.7. Dictionary manager

A datadictionary gather a set of threshold - value couple. A valueinterval is associated to a name, the value affected to the
threshold corresponding to the lower bound. These notions allow the user to create for instance a dictinonary of criticities,
of severities aswell as of phases.

At the condition of defining at least one dictionary , the user can then associate a dictionary to a column. The cells of the
corresponding column will then display the name of the interval containing their value.

The dictionary manager is used to manage the dictionary set of an FMEA model.

For al concerning the dictionnaries use, the user is invited to read the 'Using data dictionnaries’ sub-chapter of the ' FMEA
tables' chapter.

The dictionary manager window can be accessed using the Dictionaries command. By pressing the corresponding button,
the following dialog window appears:

< Dictionna ry Manager,

MName Dezcription

Add

Ok

Cancel

This window contains the dictionary list on the left part of the pannel as well as a set of command buttons on the right part
of the pannel. The existing dictionary list contains two columns: a column containing the dictionary names and a column
containing the dictionary descriptions.

The aviailable commands are the following ones:

* Add anew dictionary to the liste of existing ones,

Edit adictionary which has been previously selected,

« Remove dictionaries which have been previously selected,
Validate all the modifications and close the dialog window,
Cancdl al the modifications and close the dialog window.

All the commands are described in the rest of the chapter.
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The Add command allows the user to create anew dictionary and to add it the list of existing ones. When the user presses
onto the Add button, the following dialog window appears:

£ pdd dictionnarny

Mame: | |

Description:

Entries

Threshold

Yalue

Add

This window alows the edition of a dictionary description and content either during its creation or its modification (by

using the Edit command.

This window contains several fields as the Name and Description.

In addition, the window comprises an area named Entries containing the list of threshold - value couples of the edited
dictionary. This area alows the user to do the following actions:

* Add an entry to thelist of existing ones,

« Edit theentry selected in thelist,

* Remove the entries selected in the list.

To add an entry in the current dictionary, the user presses onto the Add button. The following window is bringing forward

to the user:

£ Add dictionnary entry @

I ame: |

Walue |

The user enters the entry name and associated numerical value and validates his modification by pressing onto the Validate

button or cancels al his modification by pressing onto the Cancel button.

Assuming that the user has entered the following data:

Threshold Value
Minor 0
Major 3

Extreme 6

Disastrous 9
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and filled the Name and Description fields in respectively with the 'Criticity' and 'This dictionary contains the criticity
thresholds values, the dictionary edit window then will appear as shown on the following figure:

£ pdd dictionnarny

MName: | Criticities |

Description:

Criticity threshold dictionnary

Entries

Threshold Yalue Add
Disastrous
Extreme
M ajor
Miror

ol w|mfw

As we will see in the chapter entitled 'Using data dictionaries’ while editing an FMEA table, assuming that the user has
linked a column to the present dictionary, all the cells of this column which valueisincluded in the [0, 3[ range will display
the text 'Minor', all those included in the [3, 6] range will display the text ‘Major' and so on until the highest threshold.

For thislast, the corresponding range in our exampleis[9, Infinite]. For all the values included in this range, the cells will
display the text 'Disastrous.

By pressing onto the Validate button of the dictionary edit window, the dialog window will close and the dictionary manager
window will then appears as on the following figure:

£ Dictionna ry Manager

Mame Description
Criticities |Critic:ity threshaold dictionnary
Add

If the user would like to modify an existing dictionary, he will use the Edit button.
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8.2.3. XML import of an FMEA model

The XML import of an FMEA mode is realized by using the Import command accessible from the popup menu of the
existing FMEA model list or the corresponding button under the list as shown on the following figure:

[ Fmea model manager
Friea models Mame |
Fmea Model 1 Description
-~
“
| Entities | Relationships between entities| FMEA Table fields
add Mo | Mame Enitity linked Attribute linked Farmula Add
Update .
Remove Edit
Expoarker
Maove Up
Muove Diown
Sart
Dictionnaries
Add Update Remowve
Export Walidate Cancel

When activating this command, the following dialog window appears:

v #rEE

My Recent Frnea Maodel,xml
Documents

g' Filz name; | FMEA Model 2.uml | [ Open ]

My M etwork,

Flaces Files of type: <L files * ] | Cancel

This window allows the user to select the XML file containing the FMEA model to import in to the database. If the user
presses the Open button, the dialog window closes and the file datais imported into the database.
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The new model is appended to the FMEA model list. In our case, the FMEA model manager window then appearslikethis:

. [} Fmea model manager

|Fmea models Narne | FMEA Madel 2 |

Frea Model 1 Description

< >

| Entities | Relationships between entities| FMEA Table fields

Mo | Mame Enitity linked Attribute linkead Farmula Add
0|F zilure E ffects Failure Effects Failure Effects
1|Failure Cauze Failure Cauise Failure Cauze Edit
2|Failure Mode Failure Mode Failure Mode
3FMRA [10e-6/FH)  |Failure Mode FMRA Femave
Move Up
Muove Diown
Sort
Dictiornaries

[ Add H Update H Remove

" alidate Cancel

8.2.4. XML export of an FMEA model

The XML export of FMEA model is done using the Export command available from the popup menu of the existing FMEA
model list or from the corresponding button under the list as shown on the following figure:

. [t Fmea model manager

Frea models Mame | Fmea Model 1 |
Fmea Model 1 add

Update
Remove

Description

Frea model example

< >

Impart

Exporter | Entities | Relationships between entities| FMEA Table fields
Mo | Mame Entity linked Attribute linked Formula dd
0| Failure: rmode Failure rmode Failure mode
1|FM - Rate Failure mode Rate Edit
2|Failure cause Cauze Cauze
J|Fail cause - Rate  |Cause Rate Elzmime
4|Effect Failure mode Effect
RIS Failure mode Severity Move Up
ED Failure rmode Detection
7|0 Cause Ocourence e Bt
gC $5 " 46" $7
Sort
Dictionnaries

[ Add H Update H Femove

“alidate: Cancel
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The user selects the FMEA model to export among the model list and then activate the Export command. The following
dialog window appears:

Save jr: | (3 Arbor-Data vl T2 EE
=1 ) ARB All.xrnl arbor? sl
\_\ﬁ |) base-fichier-33 all_btp. xml arbord, xml
My Recent ) cafta All_rysgl.xml arbiorg, xml
Documents =) FYFMPLE ARBRE POLIR MANUEL [ amdsc xmi Arbre-Boucle. xmi
e |y FFT-107 Arndecl-1.xml arbre-new, xmil
L% |(5) FFT-DED-207 Amdecl.xml arbre_boucle_ xml
Desktop ) sous-arbre Arndecl _Frozen.xml Attributl cml
I sv AmdecSynthetique. xml batch. sl
: [C3) SYNTHESE Arbor.xml batch_2.xml
____/- | tem arbior10.:xml bidd_CUT .l
My Documents | () test export file arbor11.xml boucle xml
| test mel distrib arbor1Z.xml btp-as, xml
=1 | test-export-impaort Arbord, xml Btp .l
5 AFCS 3138006l Arbors, xml BTP3.6.xml
My Computer all the btp,xml arboré, xml Bug-Export, xml
‘-;_ < >
;!)] File name: Frnea Model 1.l
My M etwork,
Flaces Files of pe: | ML files [ i) v

This window allows the user to select or enter the name of the XML file into which he would like to export the FMEA
model. By default, the File name field isfilled in with the name of the model to export. If the user presses the Save button,
the dialog window closes and the model is exported into the chosen file.

8.3. The FMEA tables

8.3.1. Fmea tables management

The FMEA table's management is done under the application document manager the same way as for the fault trees. An
FMEA tableis associated to one and only one system. However, asystem can contain several FMEA tables. Asfor the fault
trees, the FM EA tables are managed in versions and subject to access rights.

The available actions on the FMEA tables are introduced in the following table:

Create- Fmea  |When selecting a system node | Creation of anew FMEA table and addition of this table under

the selected system
Paste - Fmea When selecting a system node | Copy or move the previously selected FMEA tables under the
presently selected system
Open When selecting an FMEA node | Edition of the selected FMEA tables

or FMEA version node
Rename - Fmea |When selecting an FMEA node | Rename of an FMEA table

New version - Fmea | When selecting an FMEA node | Creation of a new version of FMEA table and addition of this
version under the selected FMEA table

Properties When selecting an FMEA node | Display of the selected FMEA table

Copy - Fmea When selecting some FMEA | Copy of the selected FMEA tables
nodes

Cut - Fmea When selecting some FMEA | Mark the selected FMEA tables asto be moved
nodes

Remove - Fmea |When selecting some FMEA | To remove the selected FMEA tables
nodes or FMEA version nodes

Export - XML |When selecting some FMEA | Export of the selected FMEA tablesinto an XML formated file

file (*.xml) nodes or FMEA version nodes
Import - XML Do not need nodes selection Import data from XML formated filesincluding FMEAs and
file (*.xml) FMEA models
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In addition to these actions, the application main menu bar and toolbar contain some actions available on FMEA tables
which are the following ones:

Menu Icon |Functionnality Use
File New - Fmea Start the creation of anew FMEA table into the document manager
Open Edit the FMEA table selected in the document manager

Rename - Fmea

Rename the FMEA table selected in the document manager

Save

Save the currently edited FMEA table wich is active

Saveal Save al the currently edited documents (fault trees and FMEA tables)
-ﬂ Close Close the currently edited FMEA table which is active

Print Print the currently edited FMEA table which is active

File report Produce areport on the currently edited FMEA table which is active

8.3.2. Creating an FMEA table

The FMEA table creation is done from the application document manager using the popup menu as shown on the following

figure.

& Cpen

[Z Project
Rename L] [Ej
Tew version ] ? Tree
@ Properties B2 Fmea

Tree properties
Copy
& cut
E Paste

é{, Remove

Impork

* ¥ ¥ v v v

Export

When the user activates the Create - Fmea command, the following dialog window is bring forward:

< Create fmea

Fmea name | | |

Frnea model: | | [ Browse... ]

Save preferences

\-"ersion| Comment | Access

Wersion El

Date : 19-Feb-2008 16:05:36 by : admin

Comment

Cancel
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The user must fill the Name and FMEA model fields. The FMEA model field correspond to the FMEA model to which
the FMEA tableisreferred.

Tofill the FMEA model field, the user accesses to the existing model list by pressing on the Browse button. The following
dialog window then appears:

< FMEA Model Selection

Select in the list bellaw the FMEA model you wish ta use

Frnea Model 1
FMEA Model 2

Cancel

Here there is only one available FMEA model whichis'Fmea Model 1'.

The user selects the FMEA model by double-clicking on the model chosen in the list or by selecting it and by pressing
on the Validate button. When validating, the window closes and the selected model fills in the creation window FMEA
model field.

The other fields are optional. The user can change the number of the version which is fixed to the 1.0 value by default as
well as the comment inside the Version tab.

The Comment tab allows the user to edit the FMEA table attached comment which is common to all the FMEA table
versions. Finally, the Access tab allows the user to edit the FMEA table access rights which are by default set to 'read only’
for the group to which it is attached and 'No access' for the others.

When the user has ended to fill the chosen fields, he confirms the creation by pressing on the Validate button or cancels
all the creation in progress by pressing on the Cancel.

If the user confirms the FMEA table creation, this one is created into the database and appears in the document manager
under two different nodes: a node with the name of the FMEA table as label and a node with the FMEA table version as
label, as shown on the following figure:

The figure above shows the creation in the document manager of the FMEA table named 'Fmeal’ with itsfirst version '1.0'.

The FMEA table is assigned to the user that has logged onto the application and in its default group. The access rights for
the FMEA table owner are 'Read/Write'.
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8.3.3. Editing an FMEA table

To edit an FMEA table, the user activates the Open command of the document manager popup menu. When the command
is activated, the following editor window is opened:

. B2 Fimea : Project/System/Fmea1/1.
File Edit Tools

B oo B0 BPE B

Failure mode | Failure cause I 5 i D I u] I ©

. [ol]

This edit window is an internal frame inside the application workspace. All the FMEA table edition is done throughout
this window.

The edit window comprises a menu bar and atoolbar.

The available commands on the menu bar and possibly on the toolbar are the following ones:

Menu Icon |Functionnality Use
File Import - Text Import atext file
File...
Edit New entity Create anew entity and insert it into the FMEA table
New relation Create arelationship from the selected entity and insert the new objects into
the FMEA table
New relations Create a complete line of datainto the FMEA table

Remove entity Remove the entity selected in the FMEA table

Removerelation | Remove the relationship which extremity is the entity selected in the FMEA

B R EE e

table
Merge cells Merge verticaly cells which are abut
Tools Dictionnaries... Edit the dictionnary manager window

All these commands are described in detail thereafter in the chapter.

Inthe FMEA table, the cells appearing in gray color correspond to cells which columnislinked to an entity model for which
no entitiesis linked to one of the source entity model on the used entity path in the table.
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8.3.3.1. Adding a new line

To create a new line in the FMEA table, the user needs to create all the entities of the entity path (defined at the FMEA
model level) and all the relationships between these entities. In order to do it, the user launches the New entity command.
A new line appears in the FMEA table as shown on the following figure:

. B3 Fmea : Project/System/Fmea1/1.0*
File Edit Tools

B Bo B0 BOPRE RO

Failure mode J Failure cause I 5 I o I a I [

AEH

.new Failure mode 0 . .new Cauze i I [ 0.000E00 .

At the time of creation of a new line inside the FMEA table, the names identifying the new entities are automatically
generated. These names have as suffix, the name of the entity definition (entity model). This suffix isfollowed by a number
auto-incremented.

The user is invited to modify the automatically generated names by significant names in the studied domain. If the user

tries to rename an entity by editing one corresponding cell, a check on the unicity of the namesis done in order to validate
the modification.

8.3.3.2. Removing an entity
To remove an entity and all the resulting lines in the FMEA table, the user proceeds as follows:

« hesdectsin the table acell which column islinked to an attribute of the entity to remove,
« and launches the Remove entity command.

The entity is then removed from the underlying model which leads to the removal of all the associated FMEA table lines.

8.3.3.3. Adding a new relationship
To add a new relationship, the user proceeds as follows:
« he selectsin the table a cell which column is linked to one attribute of the entity from which the relationship has to be
created,

 then launches the New relation command.

The relationship is then created into the underlying model which leads to the appearance of new lines in the FMEA table.
Thereis creation of only one relationship direct from the selected entity and not of all the entity in cascade from this entity.

8.3.3.4. Decline a part of a line

The user would like to create a relationship between two given entities which results, in the FMEA table, in the creation of
anew line of data declining the one that served asreference. On the new line, the dataiis identical for all the columnslinked
to entities upstream on the entity path defined in the edited FMEA model. In the other hand, from the selected entity, the
data differsin the way that new entities (as well as relationships between them) are created.

To decline apart of aline, the user proceeds like this:

* hesdlectsinthetable acell which columnislinked to one of the attributes of the entity from which the line must decline,
* then usesthe New relations command.
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The figure that follows shows the declension of a part of line.

[ [oiix]

. B2 Fimea : Project/System/Fmea1/1.0*
File Edit Tools

B oo R0 P B

Failure mode Failure cause i 5 I D I u] i [
nieva Failure mode 0 new Cause 1 0.000E00
riew Failure mode 0 rew Cause 0 0.000E00

The example mentioned on this figure is obtained after selecting the cell containing the text "new Failure mode 0" then
using the command. In the underlying model, a new entity of 'Cause' type and "new Cause 1" nameis created aswell asone
relationship between the "new Failure mode 0" and "new Cause 1" entities. Thereafter, there is creation of the new linein
the FMEA table located at the first position in the table of the example.

8.3.3.5. Removing a relationship
To remove arelationship, the user proceeds like this:

» he selects in the FMEA table the cell which column is linked to one of the attribute of the entity destination of the
relationship to remove,
« then uses the Removerelation command.

The figure that follows shows the content of the FMEA table before removal of one relationship.

. [olx]

. B3 Fmea : Project/System/Fmea1/1.0™
File Edit Tools

B oo R0 P B

Failure mode Failure cause 5 D [
new Failure mode 0 new Cauge 1 0.000E00
new Faiure mode 0 niew Cause 0 0.000E00
hiew Failure mode 0 new Cause 2 0.000E00
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When the user selects the cell containing the text "new Cause 1" and uses the Remove r elation command, then the FMEA
table appears as shown on the following figure:

B2 Fmea: Project/System/Fmea1/1.0~:

- [oix]

File Edit Tools

B oo B0 P B

Failure mode

Failure cause

C

hew Failure mode 0

new Caugze 0

| o.o0oE00 |

new Failure mode 0

rew Cause 2

0.000E 00

We can see on this figure that the removal of the line which manifested the existence of the entity of 'Cause’ type and "new

Cause 1" name.

8.3.3.6. Sorting lines and merge cells

Line sort and cells merge has been well developed in the chapter titled 'FMEA models. Go to this chapter to know the
principles and use during the FMEA table edition.

The FMEA table editor own a special command named mer ge cells. This command is only enabled when a sort with the
merge cells option was defined at the model creation step. It allows the user to activate/deactivate the cells merge option.

8.3.3.7. Importing textual data

The text import allows the user to import textual data. The datafeed the FMEA table and the underlying FMEA model. The
import fileformat must at least use one character to trim thelinesinto fieldsin order to separate the fields from onesto ones.

Thefile can for instance be of the cvs format (comma separated) or still of asimple text format with separator.

Thetextua import isdone using the Import - Text File... command available on the FMEA table editor menu bar as shown

on the following figure:

. B2 Fimea : Project/System/Fime:

File

Import b
-

Edit Tools

4 Failure mode

FM -F

- a.600

1.400
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Toimport atext file, the user activates this command to make the following dialog window appear:

Look ir: |@ data v| I F-‘,'E'El

) amdec, csv:

[Z] amdec. bxt

&

My Recent
Documents

o

o
o
i
B
51
k=]

&

My Documents

:_)’ File name: | amdec.cav | [ Open ]
My M etwork,

Places Files of type: |AII Files v | Cancel

From this window, the user selects the file to import. An optional filter on the txt and csv file extensionsis available.

When the file has been chosen, a second dialog window appears.

< Text File Import Assistant Step 1 of 2

Thiz step letz pou sat the deliniters your data contains.
You can see how your text is affected in the preview below.

Delimiters [] Treat cansecutive delimiters as ane

Tabi [ Semicolon [] Comma
[] Space [ othe[;:l Text qualifier: | [

Skip lines

before line n*:

after line n*:

Data preview

[ 1 )|+ Failure Modes 2nd.__ ~
—= ... Bizczate : ,,,.Eq...
= J|.:c Fonctional Sub-&s._.
(5 |paSs5aULT EQUIFEMENTSE. ...
[ & J|Ref..Failure Mode,Fai...
& | Comp...Page . Type: v--.
T | &nalegic [
& | &nalegic [
g |- &nalegic [
10 J|.&nalegic Interface [...
11| &nalegic [
1z | &nalegic [
1z |- &nalegic [

This second dialog window is the Text File Import Assistant. This assistant contains two steps which we will detail.
Thefirst step allows the user to fill the information that will serve to interpret the file data.

The Delimiters area alows the user to select the field's delimiters. These delimiters are used to cut the file in several fields
which at last will correspond to columnsin the edited FMEA table. This area contains several checkboxes allowing to select
the right delimiter. The Other checkbox allows the user to choose a different delimiter as the others.

The text qualifier allows to inform that there is a character in the file that is used to enclose the text. This character has
priority on the field delimiters so all characters corresponding to afield delimiter located inside two text qualifiers, will not
be interpreted as field delimiter but as simple character (belonging to the enclosed character string).

The Skip lines area alows the user to indicate the lines to consider.
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Finally, the Data preview area give to the user a preview of the data such as they will be interpreted during the import

with the chosen parameters.

In the example shown on the following figure, the delimiter to use is the comma. In addition, the sixth first line of the file
correspond to the file header. Finally, the user wants to do an import test on the fifth first line. So, he will use the following

setting:

= Text File Import Assistant Step 1 of 2

Thiz step lets pou set the delimiters your data contains.
You can zee how pour text iz affected in the preview below.

Drelimiters [] Treat conzecutive delimiters as one
OTad [ Semicolon Comma

[] Space [] ather: Teut qualifier :

Skip lines

before line n*: | 7

afterline n™: | 11

Data preview

=

=

g |DASSAULT EQUIPEMENTS

(TS Failure Mode Failure causes
&) Comp -
— Znalogic Interface (1) [R2ZE
——= Znalogic Interface (1) [R2ZE
—= Znalogic Interface (1) [R227
1o Znalogic Interface (1) [R227
1 Znalogic Interface (1) [R225
1z Znalogic Interface (1) [R22E
= Arnalamic Tnrearfara 117 RFFQ
<

Cancel

When the user has done its choices, he presses the Next button to go to the next step. The following window then appears:

£ Text File Import Assistant Step 2 of 2

Thiz step lets pou set the comespondences between the imported file columng
and the edited FMEA columns

Column comespondences

Sauver preferences

File Edited FMEA

Calumn 0 A~

Calurnr 1

Calurnn 2

Column 3

Calurnr 4 v

Data preview

Colurnn 0 Colurnn 1 Colurin 2 Colurnn 3 Colurnn 4 Column &
&nalegic Interface [1) |RZZE a7 epen cizcuit
Znalegic Interface [1) [REZE a7 short cizcuit
Znalegic Interface [1) [REZT a7 epan cizcuit
Znalegic Interface (1) [R227 a7 short cizcuit
&nalegic Interface (1) [RZZE a7 open circuit

Calumn
0,136

B

The second step of the text file import consists in defining the correspondences between the fields extracted in the file
and the FMEA table columns. Doing the correspondence is not an insignificant action because it must take account of the
relationships between entities. It conduct to the obligation to match at least the columns identifying the entities with the

filefields.

The window corresponding to the second step of the import contains two areas:
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e Column correspondences, area allowing to match the columns of the FMEA table with fields in thefile.
« Data preview, area showing the set of available fieldsin the file with the data that it contains.

The user proceeds as follows. He visualizes on the data preview the fields that he is interested with in the file (shown in
columns on the data preview) and then defines the correspondencesin the Column correspondences area. In our example,
the fields corresponding to the columns 1 and 5 are to import because they contains respectively the identifiers for the
'Failure mode' model entities and for the 'Failure cause' model entitiesin our model. The user will set the correspondences
shown on the following figure:

£ Text File Import Assistant Step 2 of 2

Thiz step letz pou set the comespondences between the imported file columng
and the edited FMEA columns

Colurnn corespondences

Calurnr 1 Failure mode ~
Calurnn 2
Column 3
Calurnr 4
Calurnn & Fallure cause v
Data preview
Colurnn 0 Calurnr 1 Colurnn 2 Calurnn 3 Calurnn 4 Calurnn 5 Calurnn B

&nalegic Interface (1)
&nalegic Interface (1)
&nalegic Interface [1)
&nalegic Interface [1)
&nalegic Interface [1)

[REZE

0,126
[REZE

open circuit
shozt cizeuiv
Rzz7
Rzz7

Rzz&

The user can save the correspondences in its preferences by pressing the Save pr efer ences button.

When he has finished its setting, the user presses the Finish button. The data import is then initiated. When it is finished,
the edited FMEA table contains the data that has been imported.

8.3.3.8. Using the data dictionaries

While editing FMEA tables, the dictionaries can be used to display in the cells the names of the threshold associated to the
numerical intervalsinstead of the real numerical values themselves.

Providing that the user has first defined at least a dictionary, the user can associate a dictionnary to a column by using the
Link to dictionary command accessible in the column popup menu. The user clickswith the right button on column header
to show the popup menu as on the following figure:

A=

BH
| Pd-pate | Failure cause | Fail ca

WY Link to dictionnary Criticities

o

Occurrences 7oy

1. Sork Ascending 7.00
1| Sork Descending FALS
1 H00EDDrEW CalEE ¥ 7.00

The user then can choose the wanted dictionary. The previous figure shows the two following dictionary : 'Criticities and
'‘Occurrences.

To remove the link between the column and the dictionary, the user launches the Unlink from dictionary command also
located in the column popup menu.
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Let ustake an example. Let us suppose that the user has entered the following information in the FMEA table:

HE S

. Ex Fmea : Project/System/Fmea1/1.0
File Edit Tools

B oo B9 KPS [ad|

# Failure mode FM - Rate Failure cause Fail cauze - Rate Effect 5 D u] ©
FM_0 8.600E-00 [rew Cause 0 8.600E-01 Effect 2 1 1 2 2.000E00
FM_1 1400E00  [new Cause 3 7.000E-01 Effect 0 2 2 2 8.000E00
new Cause 2 7.000E-01 2 2 1 4.000E00
FM_2 T i Cause 1 7.000E-01 Effect 1 3 4 1 1.200E01
new Cause 4 7.000E-01 3 4 2 2.400E01

If the user decides to associate to the 'C' column (last column of the table) the criticities dictionary mentioned in the chapter
concerning the Data Dictionary Manager, the FMEA table will appear as following:

1. [oiix]

. Ex Fmea : Project/System/Fmea1/1.0
File Edit Tools

B oo 39 X PR 5|

#  Failure mode | F-mate | Failure cause | Falcause-Rate | Effect 5 B} u] ©
FM_0 2.E00E-01  |new Cauge D 2 BO0E-01 Effect 2 1 1 2 Minor
Fi_1 new Cause 3 7.000E-01 Effect 0 2 2 2 E utreme
- 1.400E00
new Cauge 2 7.000E-01 2 2 1 M ajor
FM_2 1 400EOD |PEw Cauze 1 7.000E-01 Effect 1 3 4 1 Dizastrous
) new Cause 4 7.000E-01 3 4 2 Disastrous

8.3.3.9. Printing an FMEA table

The printing FMEA table functionality considers the possible external references from FMEA table attributes. To know
more about it, the user isinvited to go and | ook at the 'Referring to aset of datain an FMEA table from another table' chapter.

The FMEA table printing is done by using the File - Print command located in the application main menu bar or from the
corresponding button on the toolbar. The command activation shows the following dial og window:

Fmea print §|

Contents

[] Quantitative analysis

Fields
[ Attribute

Save preferences

[ Y alidate ] [ Cancel ]
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Thiswindow allowsthe user to choose the printing options beforeits effective launching. The options are thefollowing ones:

< Quantitative analysis. print the section containing the FMEA table properties
« Attribute: print the 'Attribute’ column in the tables showing the external references

When all the options are set, the user launches the printing by pressing the Validate button.

The following figures show an example the printing of an FMEA table containing attributes with external references:

4 DASSAULT

AVIATION

1. QUANTITATIVE ANALYSIS

FMEA TABLE

This example was generated with the Quantitative analysis and Attribute options selected. The second print page shows
the existence of an attribute linked to two external references listed in the corresponding table.

8.3.3.10. Generating a file report on the FMEA table

The FMEA table generation functionality considers the possible external references from FMEA table attributes. To know
more about it, the user isinvited to go and | ook at the 'Referring to aset of datain an FMEA table from another table' chapter.

The file report generation on an FMEA table is done using the File report command accessible from the corresponding

button on the application toolbar:

#

The activation of this command shows the following dialog window:

Fmea file report

Format | Content
[] SCRIBE
[] TEXTE
[ HTML

RTF

File name | E:\rbor-DatahFeal (1.0).0f

Save preferences

[ valdate |

[ Cancel ]

Ed

L]
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The Format tab allows the user to specify the format , the path and the name of the output file.
The Content tab allows the user to choose the options of file report generation before its effective launching.

« Quantitative analysis: print the section containing the FMEA table properties
« Attribute: print the 'Attribute’ column in the tables showing the external references

When all the options are set, the user launches the file report generation by pressing the Validate button.

The following figures shows an example the result of afile report generation on an FMEA table containing attributes with
external references:

T&TE | 19/0i405 | FAGE 11
FMEA TAELE
UUENTITATIVE RNWALYSIS
Fre feren
Base . DataBase
Project : Projest (1.0)
Syrtem : Spstam (1.0)
Fiea : Fmeal (1.0)
Dat
Creation : Ol-Feb-2003% 10:59:55 by admin
Modification : OL-Feb-2005 10:59:55 by admin
FHER TRELE
[ THER
Failure mode ™ - Eate Failure cause r‘“R::‘:” T | Effecs 3 b [ r
0 T E0OE-01 frem Lause % ENOE-NL  [Effect £ | 1. NOOE0D |1 U0OEGD | £ O00ED| Mimer
1 L 400EI0 fnew Cause ¥ T ON0E-01  [Effect 0 | £. 00GE00 | ¢ (00EGH | . 000E0 0| Ewbreme
e Tause & TTHE- 1L EOWGENG | & G00EGH [ L OGOEIG | Majer
_E L 40UEIT frew Cause L TUNGE-0L  [Effect L | . 00GEGG |4 G00EGH | L OGOEIG [0 sastrous
| e Cause 4 TAHE- 1L ¥ UUOENG |4 000E00 | 000K [ sastrous
EXTERMRL REFERENCES LIST
" Ertity : Cange mew Causze O
Palue : & 6O0E-01
External ceferences
Tmea path | Entity [ artribute | Valuz
Frojectfaystem fmeat 1.0 Tause Caaze 0 ate F 0 0E- 0L
[Froject /Ty stem/Fmeat 1.0 Cause Causel ate ¥ HE- 01

Thisexamplewas generated with the Quantitative analysisand Attribute options selected. We can seeinthe' EXTERNAL
REFERENCESLIST' chapter the presence of an attribute linked to two external referenceslisted in the corresponding table.

8.4. Referencing data in FMEA tables

There istwo means to referencing FMEA table data:

« from an event mode! in the failure rate bank,
» from another FMEA table.

In the FMEA table, a referenced data correspond to an entity attribute. The referencing is done during the FMEA table
edition.

In addition, the referenced data must be a numerical value. The column cells of any other type than the numerical one
(Double or Integer) cannot be referenced.

The information allowing the user to identify the referenced datais the following one:

« thetarget Fmeatable identifier,
« theidentifier of the entity containing the attribute,
« theattribute identifier.

8.4.1. Referencing an FMEA table data from an FRB event model

In this case, the user can link an event model law parameter to an FMEA table entity attribute. When thelink is created, all
maodification of the attribute is sent back to the linked law parameter.
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To create a link, the user must first edit the concerned event model. Remind that the event model edition is done in the

following internal window:

& Event Models A=
Definition | Attribute(s) | Description|
~Defintion i
Path | Alimentation/E qu Alimentation/F ct Alimentation/Déf Alimentation |
Name| p_alim |
Application Approval l:l
Author Substantiation
rLa
Law type | Esponential - |
[ Bound time
Farameters) -
lambela | 2.000E 00 |[) =
™
< >

From this point, the user clicks on the (...) button to access to the law parameter assignment window and selects the Link

to Fmea tab.

Assignment [z
Mame | lambda |
Description

Failure rate

|>

| M amed Parameter || Law of parameter |} Link to Fmea;

Friea | |[ ]

Entity | |

Attribuite | |

Walue | |

Validate

TheLink to FMEA tab contains the following fields:

FMEA : the FMEA table containing the attribute,
Entity : the entity containing the attribute,
Attribute : the attribute,

* Value: the attribute value.
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To put in place the link, the user clicks on the (...) button located at the right of the FMEA field. The following dialog
window then appears:

Fmea choice fgl

[ Project

Cloge

This first step allows the user to select the FMEA table in the existing document tree. The user double clicks on the tree

nodes in order to make their sons appear. Then the user browses the tree structure until the version node of the FMEA table
that has interest to him.

The following figure shows what the window can looks like when the user expands a branch until an FMEA table version
node:

Fmea choice rg|

a Project
B%j System

[ Open ] [ Cloze ]

You will notice that the tree shows only the nodes corresponding to FMEA tables and not those that correspond to fault
trees. In addition, the Open button is enabled only when the selected node is the version node of an FMEA table.
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At thistime, to edit the selected FMEA table, the user double clicks on the version node or presses the Open button which
leads to the opening of the following window:

Fmea : Project/System/Fmea2/1.0

Cauze i Riate
Causze_1 4.000E-01
Cauze_2 3.000E-01
Causze 0 2.000E-01
Cause_3 1.000E-01

Cancel

To select the attribute of interest, the user must select a corresponding cell displaying this attribute. He then presses the
Validate button to confirm its choice. Alternatively he can also double click on the chosen cell.

Once the validation done, the selection windows close and the Assignment window fields are filled with the selected data
as the following figure shows:

Assignment [Z|
Mame | lambda |
Description
Failure rate L

v

Marned Parameter | Law of parameter | Link to Fmea

Friea |Proiect.-"System.-"Fmea2.-"1.D | [ ]

Entity | Causze.Cauze [ |

Altribute | Rate |

Value | B.O0CE-O1 |

W alidate ] [ Cancel

To confirm its action, the user must at last press Validate button, otherwise he presses the Cancel button.

8.4.2. Referencing an FMEA table data set from an FMEA table

The user can reference several entity attributes of numerical typein order to compute the value of another FMEA table entity
attribute being edited. the formulato compute the reference attribute is the Pointcarré approximation formula:

V = (v1+v2) - (VIxv2)

Applied on two input variables.
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To calculate the value on more input, we cal culate successively the V intermediate values. For instance, for the three input
variablesv1l, v2 and v3, we calculate the V value from v1 an v2 then from V and v3 to obtain the final value of V.

To define the input variables of the formulafrom the edited FMEA table, the user clicks on the computed cell (which must
get the result of the Pointcarré formula), then clicks with the right button to show the popup menu and selects the Link to
Fmeas command. The following window appears:

£ External links

Friea path Entity Attribute Walue

Add

Cancel

Thiswindow shows all the referenced attributes from the attribute on which the formulais defined, in a table which of the
signification of the columnsis the following one:

* Fmea: the FMEA table containing the attribute,
< Entity : the entity containing the attribute,

< Attribute: the attribute,

* Value: the attribute value.

Furthermore, the available command from this window and using buttons are the following ones:

Add areference,

Edit areference,

* Remove areference,
Validate the modifications,
» Cancel the modifications.

To add a new reference, the user presses on the Add button. The following window appears:

Fmea choice §|

[ Project

Cloze

The process of selection of the referenced attribute is then the same as for the creation of areference from an event model:
first, the user selects the FMEA table from the document manager then the target attribute in this FMEA table.

We will notice that at the FMEA table selection stage, the user is not authorized to select an FMEA table that would lead
to acircular reference ring between FMEA tables.
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Assuming that the user has referenced two attributes from distinct FMEA tables, the External linkswindow could appear

likethis:

£ External links

Friea path Entity Attribute | Walue
Project/System/Fmea2/1.0 |Cause.Cause_0 |Rate |8.000E-01 |
Project/System/Fraea3/1.0 |Cause.CauseD |F|ate |3.DDDE-D1 |

Add
Edit
Remaove

Ok

Cancel

To finish, the user confirms its modification by pressing the Validate button.
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9. Grid computing

9.1. Introduction

The aim of the Grif computing is to launch computation a part or al the calculations in another computer. User can use
Grif computing for fault tree computation or for sequence generation.

In Options-Preference, user can choose the type of calculation wanted in Plugins - PluginAction - Engine for tree

computation.

£ Preferences

5] Preferences

B+ Enwvironment

(-] Desktop

(] Tools bars

(] Edition

-] Inputs/Outputs

-] Simulator

-] FaultTree

= Plugins - PluginAction
@ FaultTree generation (ABC) ...

@ Temporal propagation ...

@ Sequence generation (generic) |
[ BEngine for tree computation

@ Docbook Export

(-] Plugins - PluginStepper
[#-[_] Plugins - PluginTranslate

4

L1}

For local computation:

Engine for tree computation

Engine compute choice

Aralia4

CediliaBDD

Fault tree evaluation

() Only local
(@ Local or distributed depending on the tree

() Only distributed

Save Close

For distributed computation: ;Aralia‘} - .

For local computation, user can configure the memory allocated using Configuration button. In general, more the the tree
isimportant, moreit is necessary to allocate memory using Study standard i.

Grid computing window can be opened with the Options-Grid computing menu.

Configuration -CeciliaBDD

Standard configuration

Table-BDD
Initial B85535

Minimum | 2047

Maximum 65535

Ratio of increase

Ratio of decrease
Table-BDD

Mumber maximum of pages

Period of garbage collector

(Options defined by the user

Maximum 65535

0.25

0.01
1024
2000

2147483647

Options

Preferences ...

Grid computing
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9.2. Grid computing interface

9.2.1. Presentation of interface
Theinterface is made up of 5 parts:

« A menu bar : Contains all actionsthat can be performed

e Anicon bar : Enables quick accessto actions

« A requeststab : Contains requests table (number, state, server which compute, history)

e A serverstab : Contains serverstable (server name, stock size, current computed request, checkbox to say if server have
to be used or not)

« A recycle-bin tab : Contains requests that are finished (request, state, last server having computed it) (a double-click on
arequest opens detailed history)

£ cvinuesall @I

Requests Distribution Metwork
T 0o & e #M @
Requests | Seryvers | Recycle Bin

Request State Server History

9.2.2. Requests menu

Cancel all requests

I  Empty recycle bin

9.2.2.1. Cancel all requests

The Cancel all requests menu cancels all requests. Servers are warned that requests are cancelled. Then they are put in
the recycle-bin.

9.2.2.2. Empty recycle bin

The Empty recycle bin menu remove all requests from recycle bin.

9.2.3. Distribution menu

Distribution

Ul Pause distribution
[+ Resume distribution
Relaunch requests that are not finished

“®, Relaunch arequest ...
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9.2.3.1. Pause distribution

The Pause distribution menu enables to stop sending requests to servers. Requests stay in NEWstate. Distribution can be
resume with Resume distribution.

9.2.3.2. Resume distribution

The Resume distribution menu enables to resume requests sending.

9.2.3.3. Relaunch requests that are not finished

The Relaunch reguests that are not finished menu enable to relaunch all requet that are not yet fully threated. These
requests are cancelled on servers, their state are set to NEW and then they are redistributed.

9.2.3.4. Relaunch a request

The Relaunch a reguest menu does the same action that the one described before, but for only one request whom number
has to be specified in the dialog box.

9.2.4. Network menu

Metwork

#4  Search for new peers
Detailed server card ...
e List of refused connections ...

9.2.4.1. Search for new peers

The Search for new peers menu enables to search new peers on network. New detected peers will be added to list. This
action can take along time (10 - 20 seconds), awaiting window is displayed during thistime.

9.2.4.2. Detailed server card

The Detailed server card displays detailed information about selected server. If no server is selected, the Server s tab will
be displayed, and a message will inform user that a server must be selected in list. This server card can also be displayed
by double-clicking on a server in thelist.

&= Detailed informations @

Mame : Server-5.1

Version: 1.8.1

Hostname @ cvinuesall

Description :

Stock: 0 Regquests

Current request :

Engines : CECILIABDD,iBAMN, TESTFILE
Cnline :  Yes

Authorised @ Yes
Should be used :

Processor: 0 MHz

Memory : 0O MB

This detailed card contains;

e The name of the peer

» The hostname of the computer hosting the peer

e The description of the server

» The number of requests that arein stock on server
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 The current computed request

e Thelist of enginesthat are available on server

e Theonline status

 The authorization to communicate with server or not

A checkbox should be used to choose if server should be used or not, for computations.
« The processor frequency (not yet implemented)

e The amount of memory available on the server (not yet implemented)

User's Manual - Version 6.1 - 2022 183/ 265



Cecilia-Workshop

10. Others functionalities

10.1. Event global list

10.1.1. Introduction

The event global list is alist of which the event is the reference data. An event can exist in severa trees. In that case, the
event appearsin several linesin the data extraction result table if the corresponding trees are part of the extractions criteria.

The event globa list display is composed of the two following steps:

» Datageneration in the database;
« Dataextraction and display.

These steps are described in the following sections.

10.1.2. Data generation

The data generation consists in collecting information from all events contained in all trees from the database and stores it
in acentral table in order to get afast access while extracting it. The first time this operation can cost alot of time because
it depends directly of the total number of eventsin the database. It can be costly in space for the same reason. Inside, the
data generation proceeds as follows:

* Open each treg;
* Read and store information relativesto all events.

The data generation take account of the last modified time stamp and the likely reading error. The cost is decreased because
only the trees modified after a given generation are treated during the next generation. The trees that could not have been
read during a given generation are read again during the next generation.

Be aware: during the data generation, all the strings are truncated to 255 characters.

To start the data generation, the user select the command Fault Tree - Event global list - Generate.

FaultTree

Tree configurations

¥ File report

Event global list » Generate

Regenerate
Fmea model manager

Extract

Options !
:E"I MNominal compute Ctrl+Alt+C
:@‘] Compute after first failure Ctrl+ Alt+M

Automatic treatment (for fault-tree) Ctrl+Alt+B
When the data generation is done, the user can extract a subset and display it in the Event global list window.

10.1.3. Data extraction

The data extraction consists to select the data the user would like to display. Using this principle the time cost is decreased
and the displayed data are more useful for the user.

The data extraction follows the steps:

 Display Extract from event global list window;
« Add projects, systems or trees to the extract criteria using a drag and drop of the project, systems or trees;
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« Dataextraction.

To show the Extraction from event global list window, the user apply the command Fault Tree- Event global list - Extract
. The Extraction from event global list window appears as follows:

Extraction criteria

&% Extraction from event global list

==l

=5 Manual

=551 Attributes
. -9 Common-Atiribute-Analysis

Treat anly the last versions

Validate |

[ Cancel

This window shows the selected extraction criteria. Criteria constitute the application field of the extraction. Information
is organized in a Project - System - Tree paths. The user can add or remove criteria. To add a criteria, the user select the

project and drag and drop the folder. To remove a criterion, the user presses the icon dh .

When the all the criteria are selected, the user click on the Validate button to extract the data or on the Cancel button to
close without doing anything.

10.1.4. Data display

At the end of the extraction process, the Event global list window appears as follows:

EH Event global list = R
date : 15-0ct-2015 10:07:22
_AII - Filter Quantity 69 on 69 [ synthesis
Praojects Systems Trees Events Given laws Insp;c. .. | Attributes

Manual Attributes  [Commen-Attribute-Analysis { 1.0 (A exponential 1.000E-03 -[Zone[1]'=[1 -
Manual Attributes  [Common-Attribute-analysis { 1.0) B exponential 1.000E-03 -[Zome[1]'=[1 F
Manual Attributes  [Common-Attribute-Analysis { 1.0} |C exponential 1.000E-03 -Zone[1]'=[2]

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [Common-Attribute-Analysis |-

Manual Attributes  [Common-Attribute-Analysis { 1.0) D exponential 1.000E-03 -[Zone[1]'=[2] =
Manual Attributes  [Common-Attribute-Analysis { 1.0) [E exponential 1.000E-03 -[Zone[1]'=[2]

Manual Attributes  [Common-Attribute-Analysis { 1.0) F exponential 1.000E-03 -Zone[1]'=[3]

Manual Attributes  [Common-Attribute-Analysis { 1.0} |G exponential 1.000E-03 -Zone[1]'=[3]

Manual Attributes  [Common-Attribute-Analysis { 1.0) H exponential 1.000E-03 -Zone[1]'=[4] =
Manual Attributes  [Common-Attribute-Analysis { 1.0} I exponential 1.000E-03 -[Zone[1]'=[4]

Manual Attributes  [Common-Attribute-analysis { 1.0) (3 exponential 1.000E-03 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MC51 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0 [MCS2 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MC53 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MCS4 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MCS5 |-

Manual Attributes  [Common-Attribute-analysis { 1.0)  [MCS6 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MCS7 |-

Manual Attributes  [Common-Attribute-Analysis { 1.0)  [MCS8 |-

Manual Attributes  [Common-Attribute-analysis { 1.0)  [MC59 |-

Manual Centrale centrale ( 1.0) And11l |-

Manual Centrale centrale (1.0) And21 |-

Manual Centrale centrale ( 1.0) And22 |-

Manal Centrale rentrale £ 1.0% And?3 -l- T

1 | n +

The List tab contains the data extracted using the extraction criteria. Each table line contains all the information relatives
to an event. The user can select the event type he would like to be appearing in the table (undevel oped, intermediate, etc.)
by using the combo box.
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He can aso display the fields he would like to be visible in the table (table columns) by selecting them in the Fields tab:

[# Events : Manual\Water_Tank\Water_disruption(2.1) o [
Fields | subj &b Optionnal fields [E3a] |  [Per fight hour
i 5] Given laws

E [] Compute probabilities State —
Events [ Generic [ Generic extension e

HHL sensof || Subtree [[]osF nal e
HL sensor {7 subtree/DSF name [C]Frb nal

Input Valveg mal

Input Valvy [7] Fmea [C] Gsr nal

Input Valvg [ Inspected [ Inflight tested nal

Input Valvg i . mnal

Input Vaive Attributes [ Conditional probability L

Input Valvg [~ Marginal impartance factor [] Critical importance factor ~ nal

Input valveg X . . X nal
Ty [ Diagnestic importance factor [~ Risk achievement worth o
LL sensor f| [ | Risk reduction worth Inal
Water_disr| " mal
o) (concel ]
4 L] 3

Finally, the user can apply afilter on the data by selecting the Filter option in the combo box and fill in the different fields
as needed in the Filter tab:

 Inthedrop-down list, select thefilter criteria;
 Or directly filter to create apersonal filter.

[ Events : Water_Tank\Water_disruption(2.1) =R )
Fkde | [ Per flight hour
(Al = Filter Quantity 12 on 12
Al
Events Intermediates Given laws State
HHL senscr fUndeveloped exponential 1.900E-05 MNormal -
HL sensar fajoubTree exponential 3.800E-05 MNormal
Input Valve DSF exponential 5.700E-05 Mormal
Input Valve lnsFected MNormal
Input Valve Jinflight tested exponential 5. 700E-05 MNormal
Input Valve Mormal
Input Yalve 2 was commanded to closure Mormal
Input Yalve 1 failed stuck dlosed exponential 5.700E-05 Mormal
Input valve 2 failed when dosed Mormal
LL sensor failed active exponential 1.900E-05 Mormal
LL sensor failed inactive exponential 3.800E-05 Mormal
€ i ] 3
 If Filter isselected, the following window appears to create the filter.
&% Filter
Event types
Intermediates
[7] Undeveloped
[] SubTree
Do
[] Inspected
[ Inflight tested
[] Mame
[] Comment
Law Exponential > 0.0
Attribute &
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10.2. Batch computation
Theam islaunch all the calculation automatically in the same time.

To configure the automatic treatment:

Click on the following icon: or inthe menu FaultTree - Automatic treatment (for fault tree) :

FaultTree

Tree configurations

1 File report
Event global list

Fmea model manager

Options
:@ MNominal compute Ctrl+Alt+C
:ﬁ Compute after first failure Ctrl+Alt+M

Automatic treatment (for fault-tree) Ctrl+Alt+B

The following window appears in order to set-up the calculation:

£ Automatic treatment (for fault-tree) @
=] EEEDQ
Tree {proj/syst/name version) Tree configuration Compute configuration
Manual [ Centrale [ centrale (1.0) |defau|t |MCS BEDD 01 hh 00 min 00 sec
Manual / Attributes / Comman-... [default |MCS BDD 01 hh 00 min 00 sec
Save results as reference calculation :If no reference v |
Always
Mever
If no reference

The Automatic treatment window contains the tree list on which a computation has to be done.
To add anew treein thelist, use adrag and drop of the tree, project to the Automatic treatment window.

The Automatic treatment window contains the following buttons:

= Open XML fil containing computelist : loads alist of calculation already performed and previously saved,

‘=& Savelist in XML file: alows storing of the computation informations,

& Edit tree configuration : allows to configure the tree. For example if the calculation used default configuration or
DSF or Sub-trees or CCF configurations. This option is also accessible with a double-clicks on the Tree configuration

column. The following dialog box appears:

&% Tree configuration - Manual / DSF / Sys... IEI

Configuration idefault -
Bus-&-Eng2
[ selectin
Event name

ol
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* Bl Edit compute configuration: allowsto configure thetree. For exampleif the cal culation used default configuration or
DSF or Sub-treesor CCF configurations. Thisoption is &l so accessible with adouble-clicks on the Compute configuration
column. The following dialog box appears:

Param MCS - Mominal compute
MEL - Compute after first failure

X5

‘& Compute configuration - Manual / Centrale / centrale (1.0) @ ‘& Comy c ion - Manual /
Type \MCS - Nominal compute =] Type |ME.L - Compute after first failure

=l

Compute cuts
[CLmitat |3

Compute probabilities

Type |Max Risk Approach (via BDD)

Time |1 v hh(0 «|minlo0 «|sec
[] Compute events probabilities

Compute importance factors

Result format
Filter :None

Sort .by order

Limit at  Mone

Export result

order
Compute cuts

[[umitat |3

Compute probabilities

P MCS - Nominal compute
MEL - Compute after first failure

Pessimistic approximation (time saving)

Type :Max Risk Approach {via BDD)

Time |1 «|hh[0 w|minl0 +|sec

BB Y

Format Path

Opts
T GRen s I | .. 44, \. . \Common-Attribute-analysis(1.0).mel word. xml

. [ Events list
v.
-
-
Export result
HEETL
Opts Format Path

In this dialog box in the first part, user select the different type of computation and parameters for the calculation in the
Section 5.1.4, “Minimal cut set calculations (MCS)” and Section 5.1.6, “Minimum equipment list computations (MEL)”

The second part corresponds to the result format and export.

For MCS calculation, inthe Filter field it is possible to filter result by Standard, Relative weight or Latent Specific Risk.

All thesefilters/ sorts and limitations are detailed in the Section 5.1.4, “Minimal cut set calculations (MCS)”

The export results parts permits to select the file format and the path where the file is saved. The following formats are

available:

Format Path Opts

Word (2003) ...4\..\..\;:ommon—Ath'ibutE—Analy:;is(l.U}.mcs.word.xml

ML

Cocbook:
Word (2003)
CAA Docbook
CAA Word
[Tree View

- Delete selection : delete the selected tree,

* 1 Move up : to move up inthelist of trees,

4 M ove down : to move down in thelist of trees,

Save results as refer ence calculation permits to save results as reference or not.
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10.3. Task manager

Task Manager shows the calculations, fault tree generation, sequence generation,... That are currently running or already

performed.
it Task manager = [-E- [
[T} i 2
S... Identifier Description CurrentMsg Progress  Times
[T} |¢§ ABCTree FaultTree generation (ABC) ... End of process i)

B |Eg) Compute after fir... |Compute MEL - Exemples/Water_Tank/Water_disruption(2.1)  [Finished i}
MNominal compute  |Compute cuts - Exemples/Water_Tank/Water_disruption(2.1) |Finished
Compute cuts - Exemples/Water_Tank/Water_disruption(2. 1)

Close

Task Manager is automatically displayed when calculation or generation are performed. User can display the window in
MBSA menu.

Initial states
@ Simulation 4
@ Compile 3
Plug-ins Manager
Task Manager
Check properties ... Alt+C

& Statistics ...

¥
y Check syntax ... Alt+5
S

Translate model ...

This tab is made of 6 columns:

Status: finished, in progress, ... ;

Identifier: type of calculation or generation;

« Description: type of calculation or generation and file name;
CurrentMsg;

» Progress: progress bar;

» Time: time calculation.

In Task Manager some actions are available:

’ %: Clear al compute;
ao-. suspend selected compute;

0B resume compute in suspend,;
) : stop selected compute;

: remove selected compute;

L up the compute;

+: down the compute;
These actions are also available by aright click in acompute line.

When atask is added to TaskManager, user is not blocked until the task is ended. He can continue to work. He can even
relaunch a calculation or a generation of result. The various tasks accumulate and are treated sequentially. It is possible to
pause the current task to launch the following task because the user considersit as more priority..
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A. Laws and uncertainties

1. Description of the laws

A total of 10 laws are available in the CeciliazWorkshop module. Each of these laws has one or more corresponding
parameters. Hereis alist of the different "types' possible:

 Probability: value between 0 and 1 inclusive.

« Rate: value greater than or equal to corresponding to afailure rate.

 Duration: value greater than or equal to 0 corresponding to a duration or to atime.
 Factor: value strictly greater than 0.

« Natlnt: integer value greater than or equal to 0.

« Boolean: can take avalue of 0 or 1 corresponding to an option parameter.

e Other: any value.

In the remainder of this chapter, the parameter "types" will be specified for each law.

1.1. Constant probability

This law has one parameter: the probability q of the event. Whatever the time, the probability of the component failing
is constant.

Parameter:
e : constant (Probability)

The law is defined as follows:
o) =q

Thislaw generally correspondsto the case where the only failure considered for the componentsisthat of arefusal to change
state (e.g.: Failsto start/stop, etc.).

1.2. Exponential probability

This law only has a one parameter: the component's failure rate (supposed to be constant over time). It describes the time
interval before the first failure for a non-repairable component.

Parameters:
e Lambda (Rate) = failure rate

The law is defined as follows:
Oty=1-¢™"

Thislaw iswidely used sinceit isamost the only oneto makeit possible to obtain analytical results. In addition, it describes
the lifetime of a non-repairable component very well (at least when there are a large number of components) when the
component is no longer young.

1.3. Constant mission time
It corresponds to an exponential law with afixed time given as parameter.

Thislaw does not depend on thetime, it is a short version of a constant law.

Parameters:

e Lambda (Rate) = failure rate
e T (Duration) = mission time
* Q (Probability) = optional law
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The law is defined as follows:

O = O+l-e”

1.4. Weibull probability

This law has three parameters: alpha , beta and t0 . It describes the behavior of a component which is not repairable and
which does not fail to start. Its specific feature is that it takes account of the component's young and old periods.

Parameters:

* Alpha (Factor) = scale parameter
» Beta (Factor) = form parameter
e TO (Time) = location parameter

The law is defined as follows:

g
O(t)y=1—exp —[r_%]

a

The significance of thislaw isthat new distributions can be tested by varying the beta factor:

« If Betaisless than 1, the failure rate decreases and the law then alows the period when the component is young to be
taken into account.

« If Betais greater than 1, the failure rate increases and the law then allows the component's ageing period to be taken
into account.

« If Betaisequal to 1, the Weibull law is equivalent to the exponential law.

1.5. Periodic testing probability

This law allows a component which fails to be represented according to an exponential distribution law and whose failure
isfound during a periodic test. The repair is then carried out instantaneously.

Parameters:

e Lambda (Rate) = failure rate
e Tau (Duration) = test period (timeinterval between two consecutive tests)
e TO (Time) = date of first test

The law is defined as follows:

1-e*  if t<t,

o=
1- e ] G herpise

Hereisasmall graph representing the different phases of the component's "life":

TEST TEST TEST
t=0 To t=TO Tau t=Tau+TO0 Tau t=2Tau +TO
operation operation operation
(law exp(A))

J Thislaw isasimplified version of the Complete "Periodic testing" probability" law.

1.6. Complete "Periodic testing" probability

This law allows a periodically tested component to be represented as completely as possible. There are many parameters
in play.
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Parameters:

« Lambda (Rate) = failure rate during operation or on standby

* Lambda* (Rate) = failurerate during the test

* Mu (Rate) = repair rate (once the test has shown up the failure)

e Tau (Duration) = test period (timeinterval between two consecutive tests)

* Theta (Time) = date of first test (ignore parameter value: Tau )

« Gamma (Probability) = probability of failure due to starting the test (ignore parameter value: 0 = starting the test does
not cause afailure)

 Pi (Duration) = duration of test (ignore parameter value: 0 (instantaneous test))

* X = (Boolean) indicator of component availability during the test (O = component unavailable during the test; 1 =
component available) (ignore parameter value: 1 = available during the test)

« Sigma (Probability) = test cover rate (probability that the component failure is detected during the test) (ignore parameter
value: 1 = thetest coversall the possible failures)

» Omega ((Probability) = probability of omission of reconfiguration (after thetest and after repair) (ignore parameter value:
0 = no reconfiguration problem)

J The "ignore parameter value' isthe value to type if you want parameter to do not affect component availability.

Hereisasmall graph representing the different phases of the component's "life":

TEST TEST
t=T0 t=T0+Tr t=Tau+T0 t=Tau +T0 +m

operation operation operation
(law exp(A)) \ \
repair repair
(law exp(p))

1.7. Dormant law

Components that form part of a standby system, which may lie dormant for long periods of time, may not have failures
revealed until they are required to operate or are tested during maintenance or a start-up inspection. Only at these critical
times can repairs be performed. It is during the dormant time that the system's components exhibit characteristics similar
to non-repairable components. Variations of unavailability with time are periodic because of the different lengths of time
that components may lie dormant.

This law has three parameters: afailure rate, a mean repair time and adelay. In addition, it does not depend on the time.

Parameters:

* )\ (Rate) =failurerate
e MTTR (Duration) = average repair time
* 1 (Duration) = delay

The law is defined as follows:

dr—(1-e?" )+ AMTTR (1—¢*7)

Qme{m - /Lz- + ;L,MTTR -(l - e—/’--f)
for MTTR = 0:

Ar—(l-e 7 e’
Qmean: ()L_z' ):1_( AT )

User's Manual - Version 6.1 - 2022 192 / 265



Cecilia-Workshop

1.8. NRD probability

This law takes two parameters. a repair rate Mu and a recovery time D . For non-repairable components, it gives the
probability of not succeeding to recover the component before a delay Delay.

Thislaw does not depend on thetime, it is a short version of a constant law.

Parameters:

* Mu (Rate) = repair rate
 d (Duration) = recovery time

The law is defined as follows:
O(t)y=e"

1.9. GLM probability

This law describes the behavior of a component (repairable or not), with (or without) failure to start, using exponential
expressions. It generalizes the exponential law with the Lambda parameter (failure rate).

It is equivalent to the following Markov diagram:

1-y
In
operafion

Parameters:

* Gamma (Probability) = probability of initial start failure (at t = 0)
e Lambda (Rate) = failure rate

* Mu (Rate) = repair rate

The law is defined as follows:

A A—y@A+ @
£) = _ % o= A+t
e A+ u A+u ¢

The Gamma and Mu parameters are optional. Depending on the case, they can be zero.

* If the component is not repairable, set Mu to zero.
« If the component cannot fail to start, set Gamma to zero.

Thefailureto start is only taken into account at t = 0.

1.10. GLM Asymptotic law
Thislaw corresponds to the probability of a Gamma-Lambda-Mu law calculated at t = infinity.
NB: This law does not depend on the time, it is a short version of a constant law.
Parameters:

* Lambda (Rate) = failure rate
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* Mu (Rate) = repair rate

The law is defined as follows:

/Lr

o) =~

A+ u

2. Modifier coefficient of the law
It is possible to modifie the law using a coefficient called Bound time.

Bound time indicates the duration where the law is considered. Before tg it is considered the probability for the selected
law at 0. Between tg and tp + delay the selected law at t = t-tg and after the law considered for to+delay.

3. Uncertainties on the parameters

For each probability law used in the model, it is possible to introduce an uncertainty on each of the parameters. There are
two distributions available::

* Uniform distribution;
« Lognormal distribution;

The principle underlying sensitivity studiesisto run a Monte-Carlo simulation on the calculation of the probability of the
top event.

Each history of the simulation comprises three stages:

« history of the simulation comprises three stages. First, the value of the parameters of the probability laws are drawn
pseudo-randomly according to the distributions set;

 For each time point considered, you then calculate the probabilities of the terminal events on the basis of the parameter
values,

« Finally, you calculate the value of the top event on the basis of the probabilities of the terminal events and the binary
decision diagram coding the top event.

The same operation is then repeated and naturally deliversasecond result, different from thefirst. Y ou recommence 5 times,
10 times, 100 times ... N times until you obtain a sample considered statistically representative.

The resulting sampleis then statistically processed, by calculating:
The mean m of this collection of values:

N Valeurs
N

A standard deviation ©

A confidence interval at 90%:

1.6450
N

[m—q,m+ qlwithq =

Sensitivity studies can be performed on al the risk measurements which can be calculated by Ardlia i.e. not only the
probability of the top event, but also the various importance factors and the magnitudes for calculating approximate
reliability.

3.1. Uniform distribution

This law has two parameters: and upper limit and a lower limit.
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Parameters:

e a=upper limit
* b =lower limit

The law is defined as follows:

_ (t-a)
Q0 = =

3.2. Lognormal distribution
This law has two parameters: the mean and the standard deviation.
Parameters:

¢ Mu=mean
» Sigma = standard deviation

A random variable is distributed according to a lognormal law if its logarithm is distributed according to a normal law.

If pand o are respectively the mean and the standard deviation of the relevant normal law, the probability density of the
random variable is asfollows:

¢ 1 _“' (lnf—,;;)2 A
O(t) = 1| f(n)dt f(H=———e " 260 ]
! to2m
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B. Probabilities computations

1. Introduction / Aeronautic Context
CeciliaWorkshop software is developed to perform reliability and availability studies for aeronautic domain.

In this context, whether it isthe authorities of validation/ certification or whether it isthe standardsto apply, the quantitative
objectiveisin link with a probabilistic risk for an average flight. Mission time corresponds to average flight duration.

In aplane, components can be grouped in various types of component.
There are components:

 Structural which are often considered as non-repairable over the plane life.

Periodically tested: equivalent of components tested / replaced during the big and small maintenances on an industrial
equipment.

» Systematically tested after or before each flight.

Used only during a certain phase of the plane flight (take-off, landing, ...)

Furthermore, except very particular case, during the flight, components are not repairable.

During flight duration, Failure probability of a component not reparable is given by an exponential law (failure rate is
constant). On the other hand the test duration or repair time of a component can be considered as null because they are
realized on the ground. Besides, the inspections taking place on the ground, the various tested components have all a period
of inspection which is amultiple of the flight duration of the plane.

If the temporal reference corresponds to plane life, components can be considered as periodically tested component.

If the temporal reference corresponds to the next flight, components can have aready lived a number flight (since the
previous maintenance) and potentially with not detected failure. We speak then about hidden failure or dormant failure.

In all cases, aeronautic reliability engineers link to failure mode:

aconstant faillurerate: Aj,
 atest periodicity T;.

How in this context, to calcul ate the probability of occurrence of an undesired event?

2. Notion of maximum risk and average risk

Thereafter, example are based on a system made up of 2 components C; and C, with failure rate A; and A, and inspection
periods such as To = n.Ty (nisan integer greater than 0).

It is possible to represent the failure probability of the system S (PrS) tot = 0fromt > T (t is the time) with the following
curve (on thisgraph n = 4).

3,50E-02

3,00E-02

2,50E-02 /

2,00E-02

—Pr1

1,50E-02

ya
1,00E-02 / A /Nl A . Prs
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Iz
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Thereisadivisor factor on Pr1 (Probability of failure of component C,) and Pr2 (Probability of failure of component Cy)
in order to show the 3 curves on the same graphic.

The green curve represents the immediate risk that the system is down. The maximum is reached at timet = T,. Thistime
corresponds at the last moment of the last flight before the inspection of components C; and C,. It adequately represents
the maximum risk of the system S.

In case of hidden failures or dormant failures, the notion of maximum risk can be too strongly penalizing.

It is authorized, within the standard ARP-4761 and under certain conditions, to calculate an average risk instead of the
maximum risk.

3. Calculation of the average risk for 2 hidden failures
Mathematically, this average risk can be calculated using an integral calculation from 0 to T, of PrS.

Compared with the previous curve, the average risk can be obtained from the following equation:

r .
f ! (1= exp~1t). (1 — exp=22@T:+0)) gy

(
((1 — exp Alt) (1 _ exp—.lz 1. T1+t)) dt
(
(€

+
,_‘.'3

ey

Qavg = T, +})
0
BN

This eguation can beto simplify by considering that products A;.T1 and A,. T are very small front 1 (A1.T1<<1, A2.To<<1)
and to generalize for n different to 4:

-+

)

)
(1—exp=2t).(1 - exp—lz.(z.'!‘1+r)))_dt

)

- exp”"l't). (1 - exp‘lz'(g"n”)) .dt

T] 7
j (A1.t.2,.(0.T; +1)).dt
0

T
1 +f (A1t A5 (L.Ty + £)).dt
Qavg = T_z °

1o m
:Fz;Uo ()Ll.t.il,z.((p—1).T1+t)).dt]

Ty
+f (A1.t.25. (2.Ty + ). dt
0

Ty
+f (A1.t.25.(3.Ty +1)).dt
0 i

Knowing that the sum of n consecutive terms of an arithmetic progression is worth n times the half a sum of the first and
the last term and that T, = n. T4, we obtain (by developing and by simplifying the formula):

A4y

" n A2 Ty (3.T, + T
Qavg = f t2.dt+ | (t2dt+ (T, — Ty).t.d) | = =2 LG+ 1)
2.7, |J, .

12

Theformulaproposed in this appendix correspondsto asimplified formulawhichisvalid only for the following hypotheses:
A.T1<<1, Ao To<<1.

Thereisin CeciliaWorkshop algorithms which calculate this average risk using not simplified formula

Starting with the same principle, mathematical formulae were devel oped to calcul ate the average risk for the conjunction of
1, 2 or 3 components in hidden failure. Beyond 3 components, the approach risks maximum was kept.
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4. Probability calculation within Cecilia-Workshop

Within Cecilia-Workshop, user associates with the terminal events:

Either an inspection period T and afailure rate A (via an exponential law).
In this case, it will be possible to take into account for this event an average risk or a maximum risk.

The maximum risk, for aflight duration or mission timet, consistsin associating with this event the foll owing probability:

1l—exp™T fT>t
Q) = wo
1—exp™t ifT<t

If the flight duration is upper to the inspection period, then the calculation is performed on the flight duration.
Either an exposition time X and afailurerate | (viaan exponential law).

In this case, the maximum risk can be considered. For aflight duration or amission timet, probability is calculated using
the following formula:

1—exp™X ifX<t
Q@) = At
1—exp™t fX>t

If the flight duration is lower to the exposition time, then the calculation is performed on the flight duration.
Or aprobability law
In this case also, only the maximum risk is considered.

The probability associated in the flight duration t depends on the probability law of the event. These laws are described
within the Appendix A, Laws and uncertainties.

For probability calculation (Aswell asfor the calculations of minimal cut sets) for the undesired event (or top event), Cecilia-
Workshop uses alibrary B.D.D (Binary Decision Diagram).

By means of thislibrary, Cecilia-Workshop can:

1
2.
3.

()]

To create adata structure (called exactly B.D.D.) which codes the Boolean formula corresponding to the fault tree seized.
To calculate, from the B.D.D. (the data structure created previously), the minimal cut sets of the fault tree.

To calculate, from the B.D.D., the exact probability of the undesired event according to the probability of the terminal
events.

. To calculate directly the minimal cut sets limited at the order given by the fault tree.
. To create the B.D.D. from the minimal cut sets limited at the order given.
. To calculate from the minimal cut sets the probability of the undesired event (average risk or maximum risk).
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Wefind all these functionalities in the diagram below:

Probability
(Max Risk)

Formulae
FaultTree

Probability
(Max or
Average Risk)

CeciliaWorkshop proposes several methods to calculate the top event probability (see Section 5.1.4, “Minimal cut set
calculations (MCS)”).

e Max Risk Approach (via BDD):

This option consists to perform a probability calculation from the B.D.D.. This B.D.D. is obtained either directly from
the Boolean formula (way 1), or indirectly from the minimal cuts sets for a calculation limited at an order given (way
4, then 5).

At each basic event is associated an occurrence probability. For the events defines by an inspection period, the formula
of the maximum risk is used to calculate this occurrence probability.

e Using sum of minimal cuts:

This option consists to perform a probability calculation from the minimal cuts. These minimal cuts are obtained either
viatheway 1 then 2, or viathe way 4 as the user limits or not the given order for his calculation.

The probability associated with each terminal event is realized in the same way as the previous method. The probability
of each minimal cuts is calculated by making the product of the probability of the different events which compose the
minimal cut. The probability of the top event is calculated by making the sum of the probability of minimal cuts. This
calculation is apessimistic approximation of the probability of the top event (Theorem of Poincaré limited to the order 1).

In the same way as the previous method, the result is thus considered as an approach in maximum risk.
» Averagerisk approach:

This option also consists to perform acalculation of probability from the minimal cuts. The difference compared with the
previous option consists to calculate the probability of each minimal cut differently.

For agiven minimal cut set, the events which compose it are split into 2 categories:
— The events of type average risk: only the events with an inspection period can be in this category.
— The events of type maximum risk: by default, all the events with no inspection period are for type maximum risk.

The probability of the conjunction of the events of type averagerisksis calcul ated from the devel oped formul ae presented
previously. At this average risk is multiplied the product of the probability of the events of type maximum risk.

« Averagerisk approach for critical system:

This last option is similar to the previous one in a notable difference: for acritical system, a minimal cut cannot consist
that of hidden failures. Because if it was the case, the system would aready down before taking off!

If aminimal cut consists only of event of type average risk, then one of the events (the one who has the smallest period
inspection) is chosen to associate it a maximum risk (notion of obvious failures), the other events will be classically
treated as average risk.
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5. Risks matrixes defines using an attribute

In the probability calculation by an approach of type average risk, it was specified that only the events with inspection
period can be events of type average risk. The users did not wish forcing that an average risk is systematically allocated
to all the events with an inspection period. It is the reason which urged to be able to pilot the calculation of average risk
using an attribute.

The main idea consists to associate each terminal event at an attribute (generally of enumerated type) which the value
specifies how it is taking into account for the average risk calculation. This matrix will also allow to verify the coherence
between the different elements seized by the user.

Therisk matrix is defined in the project properties. Only an administrator can modify this risks matrix because it affectsthe
way of calculating the average risk for all the trees of all the systems of the same project.

To modify (or show for auser non administrator), it is necessary to go to the project properties in the tab Compute.

Save/Load attribute drive
definition to/from XML File

Select an attribute

Add or delete
version of attribute

Attribute drive average risk

Attribute  Detection & H 2B
Version |1 | Ei B HHET 3
Condition Risk choice Default periodidty

[ ==Flight ] |Average risk

[==PBIT] Maximum risk Perdiodicity 100[1]

Add or delete one
condition in risk matrix

Up or down
selected element

Check box permitsto specify that administrator wants to use an attribute to manage the average risk approach. An attribute
(Aswell asitsversion for the attributes with several versions) must be selected. For each possible value of the attribute (in
the case of an enumerated attribute), it will be necessary to specify thetype of risk (By default , Averagerisk or Maximum
risk ) and a periodicity by default.

The rules to check, which applies when the user asks for a calculation with an approach of average risk, are the following:

« From the moment where an attribute pilots the approach average risk, each event must have been associated with the
selected attribute.

» Each event hasto answer at least at one condition of the risks matrix (the risks matrix being read in the order, the selected
condition isthe first one met).

« Each event must be compatible with the Risk choice and the Default periodicity define by the selected condition.

« If Risk choice = Default periodicity then the event cannot be have a inspection period, else the event has to forcing
have an inspection period.

« If Default periodicity was defined, then the inspection period of the event must be equal to the value of Default
periodicity.

If at least one of these checksis not validated, an error message displays.

Thismatrix thus allowsto differentiate among the events with inspection period those which will be handled by an approach
of average risk of those which will be handled by an approach of maximum risk.
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C. Importance factors

This section reviews the different importance factors available in Cecilia-Workshop. Importance factors are for evaluating
the role of a component in the reliability or availability of a system. The word component as used here should be taken in
the broad sense. A component can be described by any Boolean function. The calculations run by Aralia are therefore not
limited to just basic events or groups of basic events.

Throughout the rest of this section, the following convention applies:

» Sthe function describing system failures;
« ethefunction describing component failures.

And also:

* & the negation of the function e;
 p(F) the probability of the function F;
* p(F|G) the conditional probability of F given G (where G is any function).

1. Conditional probabilities

Thefirst of theimportancefactorsavailableisof course conditional probability CPr(S,e), that isthe probability of the system
Sfailing, given that component e has failed.

Snre
CPr(S.e) =p(S|e)= M
ple)

2. Marginal Importance Factor (MIF)

The marginal importance factor MIF(S,e) was introduced by Birnbaum. It isthe rate at which the availability of the system
Sincreases when availability of the component e increases.

ap(S)

MIF(S,e) = (@)

The margina importance factor may aso be interpreted as the probability of system Sbeing in a state such that if, al other
things being equal, the component e has failed, then the system fails, if not it works.

Effectively, we write;

o p(s) @ lp@lpsier- pesio)s pisfe)

MIF (S, e) = o) " 2 o] = p(Sle) - p(Sle)

3. Critical Importance Factor

The critical importance factor CIF(S,e) which was apparently introduced by Lambert, is for evaluating the relative
importance of the components. It is, by definition, highly dependent on the marginal importance factor, since:

_r)
CIF (S.€) = & X MIF (S.¢)
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4. Diagnostic importance factor (DIF)

The diagnostic importance factor DIF(S,e) , which was introduced by Vesely and Fussel, is the probability of component e
having caused the failure of the system S, given that system S has effectively failed. Its definition is as follows:

DIF(S,e) = p(e|S)

5. Risk achievement worth

The risk achievement worth RAW(S,e) or risk increase factor is, an indicator of the importance of maintaining the level of
reliability of the component e in maintaining the reliability of the system S. It should be interpreted with extreme caution
asit is only arough approximation.

RAW (S, e) =22 (Sle)
r(S)

6. Risk Reduction Worth (RRW)

The risk reduction worth RRW(S,€) or risk decrease factor represents the maximum decrease in risk which can be expected
by improving the reliability of a component e. It isimportant for identifying those components whose improved reliability
ismost likely to increase that of the system S.

RRV (S, e) = P
p(Sle)
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D. Minimal Cut Set utilities

This chapter dealswith all Minimal Cut Set utilities (translator, comparator, ...) of Cecilia-Workshop which enable easy use.

1. Translation of MCS into Aralia equation
Translation of minimal cuts set into Aralia Boolean formula
1.1. Introduction
MCS s abbreviation of Minimal Cut Set.

The Aralia is reference software in Safety community. This enables processing of Boolean formulae with probability.

Each minimal cut istrangated into boolean conjunction (AND gate). The set of minimal cutsis considered as adisjunction
(OR gate).

In order to ease reading by Aralia or other software that can import MCS, minimal cuts are checked in fixe size packets.

A separator character is used in order to create variables for each minimal cut and for each packet of minimal cuts.
1.2. Launching of translation

In order to launch translation, use the Tools MinCuts => Aralia command.

The following window enables to select an input file containing minimal cuts, and aresult file.

Tool MinCuts => BDDEngine (=
Minimal cut set file
sre'cvinuesa \CECILIAFile. GenerationSequence . seq E
Result file

rs'cvinuesal\CECILIA\Fire. GenerationSequence.dag

Convertion options

Maximum size for ane group | 100 -
Group separator . -

The input file containing minimal cuts must be in one known format described in previous chapter.
Options enable to define maximum size of each group (packet) of minimal cuts and separator character.

If an issue occurs during input file reading, an error message is displayed.

Message (=)

10Exception : Error parsing MC5 "ACC.Com_Fails', 'house_1 fire'}

1.3. Command line

This utility can be launched without user interface with the following command line;
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<JavaPat h>/j ava. exe -cl asspath <Tool sPath>/core/lib/ban/MCSUWUil.jar
comdassault.cecilia.lib.ncs. McsToAralia
[--input <input-file>]
[--output <output-file>]
[--size <size-group>]
[--separator <separator>]

where

e <JavaPat h>: Javainstallation directory

e <Tool sPat h> : CeciliaWorkshop installation directory

e <input-file>:inputfilecontaining minimal cuts

e <output-file>:resultfile

e <si ze- group>: size of groupes (integer > 1)

e <separ at or > : separator used by generated identifier (only one character)

Default separator isthe dot "." and group sizeis set to 10.
2. Compare two set of minimal cuts

2.1. Introduction
MCSis abbreviation of Minimal Cut Set.
di f f isthe name of historical program that compare 2 files.
Di ff MCS allows comparison of 2 minimal cut set.
A simple file comparison doesn't allow efficient MCS comparison, for two reasons:

* There are many different save/display formats.
* Order inside MCSis not unique (no order, lexicographic order, increasing probability, ...)

This utility has been improved in last version, it can a'so compare Minimal Sequence Set. Files format specify if data must
deal with minimal cuts or minimal sequences.

2.2. Different formats
Sets of minimal cuts can come from different sources.
This utility can read following formats:

e CeciliaARBOR - Export of minimal cutsinto Text format [ *. t xt ]

ExampleD.1.

Docurment produit par CECILI A ARBOR
COUPES M NI MALES
<DATE>07/ 03/ 06

COUPES M NI MVALES D ORDRE ( 1 2)
COUPES M NI MALES
Numéro Occurrence Nom Conmentaire Loi Périodicité Tenps d' exposition Propriétés Attributs

1 0.000EO0 bt_2.panne exponential 1.000E-06 - - U
equl. cst 10. panne exponential 1.000E-06 - - U

2 0.000EO0 equl.cst10. panne exponential 1.000E-06 - - U
equ2. cst 10. panne exponential 1.000E-06 - - U

¢ CeciliaARBOR - Export of minimal cutsinto XML format [ *. xni ]
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ExampleD.2.

<?xm version="1.0" encodi ng="1S0O 8859-1"?>
<! DOCTYPE EXPORT SYSTEM "file:///R\Site\App\Arbor\V3.7\data\properties.dtd">
<EXPORT>
<M NI MAL_CUT> <| DENTI FI CATION_LIST .../>
<PRQJECT> <I| DENTI FI CATION .../>
<SYSTEM> <I DENTI FI CATION .../>
<TREE CREATI ON_DATE="06- Mar - 2006 19: 16: 45"> <| DENTI FI CATION .../>
<CUT>
<EVENT NAME="bt _2. panne">
<EXPONENTI AL> <VALUE_PARAMETER VALUE="1. 000E- 06" ></ VALUE_PARAMETER>
</ EXPONENTI AL>
</ EVENT>
<EVENT NAME="equl. cst10. panne">
<EXPONENTI AL> <VALUE_PARAMETER VALUE="1. 000E- 06" ></ VALUE_PARAMETER>
</ EXPONENTI AL>
</ EVENT>
</ CUT>
<CUT>
<EVENT NAME="equl. cst10. panne">
<EXPONENTI AL> <VALUE_PARAMETER VALUE="1. 000E- 06" ></ VALUE_PARAMETER>
</ EXPONENTI AL>
</ EVENT>
<EVENT NAME="equ2. cst 10. panne">
<EXPONENTI AL> <VALUE_PARAMETER VALUE="1. 000E- 06" ></ VALUE_PARAMETER>
</ EXPONENTI AL>
</ EVENT>
</ CUT>
</ TREE>
</ SYSTEM>
</ PROJECT>
</ M NI MAL_CUT>
</ EXPORT>

e Aralia- Commandresult di spl ay products ... [*.nts|*.seq]

With MCS format, Sequences gener ation (Generic) products aresult file in same syntax.

Example D.3.

product s(MRS(' cst12.s.false')) =

{' equ2. cst10. panne', 'bt_2.panne', 'equl.cst10.panne'}
{' equ2. cst10. panne', 'equl.cst10. panne'}

{"bt_2. panne', 'equl.cst10.panne'}

end

* Sequences generation (Generic) with XML format for result file[ *. xni ]

ExampleD.4.

<?xm version='"1.0" encodi ng="iso-8859-15" ?>
<seqgen>
<defi ne>
<target nane="cst12.s" val ue="fal se">
<param nane="resul tset" val ue="m nseqs"/>
</target>
</ define>
<abstract >
/* Order of products

o
</ abstract>

<resul t>

<seq><tr id="1" evt="equ2.cst10. panne"/>
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<tr id="16" evt="bt_2.panne"/>
<tr id="19" evt="equl.cst10. panne"/></seq>
<seqg><tr id="1" evt="equ2.cst10.panne"/>
<tr id="19" evt="equl.cst10. panne"/></seq>
<seq><tr id="16" evt="bt_2.panne"/>
<tr id="19" evt="equl.cst10. panne"/></seq>
</result>
<nodel >
<fl ow nane="cst12.s" donmi n="bool " orientati on="out"></fl ow>
<state name="cst12.stt" domai n="{no_ok, ok}">
<init value="ok"/></state>

<event nane="equ2.cst 10. panne">
event >

</ nmodel >
</ seqgen>

<l aw val ue="exponential (1. 0E-4)" aralia="exponential 1.0E-4" noca="exp 1.0E-4"/></

Ther esul t set parameter in XML file enables to distinguish between minimal cuts and minimal sequences.
» The alta-seq sequences generation with control automaton creates XML file compatible with this utility. [ *. xm ]

Example D.5.

<?xm version="1.0"?>
<l --
#sequences: 3
running tine:
-->
<sequences nane="sequences. mai n. aut omat onl" >
<sequence >
<transition event="equ2.cst10. panne" />
<transition event="bt_2.panne" />
<transition event="equl. cst10. panne" />
</ sequence>
<sequence >
<transition event="equ2.cst10. panne" />
<transition event="equl. cst10. panne" />
</ sequence>
<sequence >
<transition event="bt_2.panne" />
<transition event="equl. cst10. panne" />
</ sequence>
</ sequences>

2.3. Launch a comparison

1

The following window enables to select two files containing MCS to be compared.

In order to launch a comparison between two sets of minimal cuts, use the Diff. MCS command.

MCS diff utility (23
First Minimal Cut Set file
srs\cwinuesa \CECILIA\Fire. GenerationSequence. xml E

Second Minimal Cut Set file

vinuesa\CECILIA\File. GenerationSequence_EVT.seq
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2.4. Comparison result

If the two sets are equivalent, the following message id displayed:

MCS diff utility

If they are not equivalent, awindow displays differences:

=) Info - MCSDff [E=R I
MCSDiff

pirz wcs : -
< file:/C:/Usersa/cvinuesa/CECILIL/Fire.GenerationSequence . xml

> file:/C:/Users/cvinuesa/CECILIA/File.GenerationSequence EVI.seq

Size @ '< 44" I= "> 147

<< house_l.fire,ACC.Com Fails

<< house_1.fire,ACC.Com house 1.failure

<< house_2.fire ACC.Com Fails

<« house_2.fire,ACC.Com house_2.failure

<< pumps_£fail, house_l.fire

<< pumps_fail,house 2.fire L
<< walwe_l.failure,house_l.fire i
<< valwe_ 2.failure ,house 2.fire

<« wvalwes_fail,house_l.fire

<< wvalwes_fail,house_2.fire

<« det_l.failure,house_l.fire,det 2.failure

<< det_2.failure,det_l.failure, house 1.fire

<< det_2.failure,house l.fire,det l.failure

<< det_3.failure, house 2.fire,det 4.failure

<< det_4.failure,det_3.failure, house 2.fire

<« det_4.failure,house_ 2.fire,det 3.failure

<< house_l.fire,det_l.failure,det_2.failure

<< house_l.fire,det 2.failure,det l.failure

<< house_l.fire,pump 2.failure,pump_l.failure

<< house_2.fire,det 3.failure,det 4.failure

<« house_2.fire,det 4.failure,det 3.failure

<< house_2.fire,pump 2.failure,pump l.failure

<< pump_l.failure,house_l.fire,pump_2.failure -

Cutsthat arein thefirst file but not in the second one are noticed with a << sign.

Cuts that arein the second file but not in the first one are noticed with a>> sign.

2.5. Command line

This utility can be launched without user interface with the following command line:

<JavaPat h>/ j ava. exe -cl asspath <Tool sPat h>/core/lib/ban/MCSWil.jar
comdassault.cecilia.lib.ncs. MesDiff <filel> <file2>

where

e <JavaPat h>: Javainstallation directory
e <Tool sPat h>: CeciliaWorkshop installation directory
o« <filel> <fil e2>:the2filesto becompared
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E. Language AltaRica

1. Introduction

1.1. Objectives of this document
AltaRica Extended language is reference language of Cecilia-Workshop.
It comes from confluence works on different AltaRica dialects from 2000 to 2003 :

 AltaRica Dassault (reference language of Cécilia OCAS 2.7 Béta) [4]
 AltaRica DataFlow (reference language of Alta-X tools from ARBoost Technologie) [3]
« Origina AltaRicaand its extensions from LaBRI (reference language or LABRI tools) [1,2]

The objective of thislanguage is to enables complex grammatical constructions, like common cause failures or structured
flows in order to be compliable in elementary construction. Then, it's possible to add new functions without modifying
computation core which can still use alanguage that doesn't handle this structure.

Two languages have been defined:

< A minimalist language that doesn't handle structured flows, operators, common cause failures synchronizations, and some
specificities of AltaRica Dassault language:

Thislanguagerelies essentially on current version of Altarica DataFlow language. The main difference with thislanguage
is syntax of assertions which is closer than the one of origina AltiRacalanguage.

» AltaRica Extended mainly relies on functionalities expected of Cecilia-Workshop:

So, it has been built from AltaRica Dassault language and has been improved with AltaRica DataFlow notions (init and
extern clause, parting component and equipment at language level).

In addition of original language functionalities, these two languages handle arithmetic operators (+, -, *, /) and "Integer"
and "Real" domains (even if tools using minimal language don't take it into account).

A tranglator enables to translate from AltaRica Extended language to minimal language.

This document deals with grammar rules of AltaRica Extended language.

1.2. References

[1] : Projet AltaricaPhase l11 - Le Langage Altarica- Manuel de Référence, par G. Point, 01/06/2000, réf. 1X1-AltaRica/03/
TOL/DT00-VO

[2] : AltaRica— Manuel méthodogique, par A. Arnold, G. Point, A. Griffault, A. Rauzy, 05/10/2001

[3] : The AltaRicaData-Flow Language — Syntax, par A. Rauzy, 09/10/2002, réf. ARBoost Technologies/AltaRica/NT02-1,
version 7

[4] : Atelier Cécilia OCAS version 2.7 Béta, couplé au moteur de calcul IMoteur version 4.59
2. Syntax of AltaRica Extended language

2.1. Lexical conventions

2.1.1. Lexemes
Lexemes of Altaricaare identifiers, keywords, integer or real constants, operators, and separators.

White-spaces, tabulations, end-line characters and comments are ignored unless they separate |exemes.
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2.1.2. Comments
Two type of comments are allowed:

1. Characterd * mark the beginning of a multi-line comment which must endswith */ . Comments can't be imbricated.

/ *
* This is comment over many |ines
*/

2. Characters/ / mark the beginning of a one-line comment. Comment ends with End-Of-Line or End-Of-File character.

/1 this is one-line coment
/1 This is another comment

2.1.3. Identifiers

Anidentifier isasequence of letters, digitsor ' . A ssimpleidentifier always begins with aletter and can have an unlimited
lenght. Uppercase and lowercase are differentiated.

Example: Engi ne, Engi ne_9, engi ne_9 (Thelast two are different identifiers).

<identifier> '[a-z][a-zA-Z0-9_-]*

2.1.4. Keywords

Following Identifiers are reserved keyword:

and assert bool case cnuf const
domai n edon el se event extern

fl oat flow func i f i mply in
init i nt inverse knil I'ink | oca
max mn node not or out
private state sub sync term t hen
trans

2.1.5. Constants

There are different types of constants, Integer constants, Real constants, enumerated constants and Boolean constants:

1. Aninteger constant is:
o either0;
« either asuccession of digits which doesn't begin with O.

<i nt eger > "0 | ([1-9][0-9]*)"

2. A red constant

<fl oat > "[0-9]*.[0-9] +([ eE] [ +-] ?[ 0- 9] +) ?'

3. A Boolean constant in one of the two key-word: t r ue or f al se.

4. An enumerated constant is an identifier declared beforehand in an enumeration domain (cf. Section 2.5.3, “ Enumeration
of symbolic constants”).

2.1.6. Strings

A string is a sequence beginning and ending with double-quote ™ '.

<string> AT+
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2.2. Structure of an AltaRica file

An atarica description is a set of declarations of constants, domains or component models. These declarations can't be
imbricated, the range of objects so declared is global from the declaration point.

<al tari ca-description>
<gl obal - decl aration-1ist>
<gl obal - decl aration-1ist>
<gl obal - decl ar ati on> Y <gl obal - decl ar ati on>

<gl obal - decl ar ati on>
<const ant - decl ar ati on>
<domai n- decl arati on>
<functi on-decl arati on>
<nodel - decl ar ati on>

2.3. Path in hierarchy

State variables, flow variables or events of a node can be specified by a path in hierarchy of Altarica models. Such a path
isasuccession of identifier separate with points (.).

<hi er ar chy- pat h> <identifier> ('.' <hierarchy-path>

Depending on context, apath can be construed as either avariableidentifier, or an event identifier, or an enumerated constant
identifier, or adeclared constant identifier (cf. 0). In this condition, such anidentifier cannot be used for adeclared constant,
avariable or an enumerated constant

2.4. Expressions
This section deals with syntax of AltaRica expressions that can be found in assertions, guards or transitions of a node.

Expressions can be regrouped into different categories depending on the returned type: Boolean (<bool - expr >),
numerical (<num expr >), symbolic (<synmb- expr>) or structured (<struct-expr>). Expression type is not
syntactically verified as made in Altarica DataFlow language, but it's made after, during lexical verification of data.

AltaRica Extended syntax takes operators priority into account (like former version of AltaRica Dassault or AltaRica
LaBRI).

<bool - expr> <expr essi on>
<num expr > <expr essi on>
<synb- expr> <expressi on>
<struct - expr> <expr essi on>

2.4.1."if ... then ... else ..." and "(if ... then ...)" expressions

Expressions |f-then, without Else has been introduced in AltaRica Dassault. These expressions are equivalent to implication.
Their syntaxes have been kept for compatibility reasons and user habitude. But they are trandated in imply operator => in
low level language. Brackets must surround expressions.

Moreover, informer version of Altaricalanguage, If-Then-Else expression was surrounded with bracketsin order to facilitate
understanding. Now, brackets are no more mandatory.

<expressi on>
<mat ch- expr >
<unmat ch- expr >
<mat ch- expr >
<ot her - expr >
i f <bool -expr> then <match-expr> el se <mat ch-expr>
<unmat ch- expr >
"('" if <bool-expr> then <bool-expr> ")’
i f <bool -expr> then <match-expr> el se <unmat ch- expr>
<ot her - expr >
<or - expr essi on>
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For an If-Then-Else expression, the first sub-expression must be Boolean (predicate); it is called condition of operation. The
two following sub-expressions are Then and Else of If-Then-Else.

2.4.2. Atomic expressions

Atomic expressions are either access path of variables or constants or expressions between brackets, or functions of the
language (min, max, cardinality '#) or defined by user, or case operator of AltaRica DataFlow.

<at omi c- expr essi on>
<i nt eger >
<f| oat >
true
fal se
<i d-vari abl e>
"(' <expression> ')’

mn ' (" <numexpr> (',' <num expr> !
max ' (' <numexpr> (',' <num expr> !
"#' ' (' <bool-expr> (',' <bool-expr> + ")
<identifier> '(' <expression> (',' <expression> * ')’
<identifier>'(' ")’
case '{'

<bool -exp> ':' <expression>

el se <expression>

'y

<i d-vari abl e>
<hi erarchy-path> '~ <identifier>
<hi er ar chy- pat h>

In order to access to a variable of a sub-node, point (. ) must be used as separator of the path. In order to accessto afield
of astructured flow, circumflex accent (*) is used and followed by field name.

2.4.3. Unary operators

Unary operations are valuated from right to left.

<unary- expr essi on>
- <unary- expressi on>
<oper at or - not > <unary- expressi on>
<at om c- expr essi on>
<oper at or - not >
not

Operand of arithmetic negation - must be from arithmetic type (integer or real) and the result of this negation isthe opposite
of its operand.

Boolean negation is described thanks to the two following identifiers: not word or tilde (~). Operand of a Boolean
expression must be Boolean.

2.4.4. Multiplying Operators

Multiplying operatorsare*, / and %are valuated from left to right. Their operands must be arithmetic. * is multiplication,
/ isdivision and %is remainder of integer division (in this case, operands must be integer).

<mul tiplicative-expression>
<mul tiplicative-expression>'*' <unary-expression>
<mul tiplicative-expression> '/' <unary-expression>
<mul tiplicative-expression>"'% <unary-expression>
<unary- expressi on>

2.4.5. Additive operators

Additive operators + and - are valuated from left to right. Operands of these operators must be arithmetic. + operator gives
the sum of values of operands. + operator gives the values of the first operand minus the value of the second one.
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<addi ti ve- expressi on>
<additive-expression> '+ <nmultiplicative-expression>
<additive-expression> '-' <nmultiplicative-expression>
<mul tiplicative-expression>

2.4.6. Relational operators

Relational operators are valuated from left to right. Operands must be arithmetic because - in opposition to some
programming language - neither enumerated constants nor Boolean are assimilated with integer.

< (lessthan), > (greater than), <= (lessthan or equal to) et >= (greater than or equal to) givethevaluef al se if the specified
comparison is not verified with the operands; otherwise the value of expressionist r ue.

<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<addi ti ve- expressi on>

<' <additive-expression>
>' <additive-expression>
<=' <additive-expression>
>=' <additive-expression>

2.4.7. Equality operators
These operators are = (equal to), ! = or # (different from), i npl y or => (imply).

Operands of = and ! = are Boolean, arithmetic or enumerates. Operands of = operator can aso be structured. The value of
these expressionsist r ue if the equality is verified by operands, and f al se otherwise. In Boolean case, equality matches
equivalence of operands, difference matches Exclusive or (XOR)

Operands of i npl y and => must be Boolean. These operateur matches logical implication.

<equal i ty- expressi on>
<rel ati onal -expressi on> '=" <rel ati onal - expressi on>
<rel ati onal - expressi on> <oper at or-neq> <rel ati onal - expressi on>
<rel ati onal - expressi on> <operator-inply> <rel ati onal - expr essi on>
<rel ati onal - expressi on>
<oper at or - neg>
=
e
<operator-inply>
i mply
D 5f

2.4.8. Logical AND operator

Logical AND operator has got two identifiers: & and and. Its operands must be Boolean. It is valuated from left to right.
Thevalueist r ue if thetwo operandsaret r ue, f al se otherwise.

<and- expr essi on>
<and- expr essi on> <oper at or - and> <equal i ty- expr essi on>
<equal i ty- expressi on>
<oper at or - and>
and
g

2.4.9. Logical OR operator

Logical OR operator has got two identifiers: | and or . Its operands must be Boolean. It is valuated from left to right. The
valueisf al se if thetwo operandsaref al se, t r ue otherwise.

<or - expr essi on>
<or - expr essi on> <oper at or - or > <and- expr essi on>
<and- expr essi on>

<oper at or - or >
or
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2.5. Domains statement

2.5.1. General points
Language has predefined domains: bool (for Boolean variables), i nt (for integer variables), f | oat (for real variables).

New domain can be created using following syntax:

<donmi n- decl ar ati on>
domai n <identifier> = <domai n-definition>
<donmi n-defini ti on>
<l i nk- domai n>
<donmi n>
<donmi n>
<r ange- donmi n>
<enuner at i on- donai n>
<pr edef i ned- donmai n>
<identifier>
<pr edef i ned- donmai n>
bool
i nt
fl oat

An existing domain name cannot be redefined. The declared domain can be used in the rest of description if a domain of
valueisrequired. Domain alias can be created associating a domain name to another domain name (predefined or declared).

Three domains construction are allowed: relative integer interval, symbolic constant enumeration, and structured domain.

2.5.2. Integer interval

Integer interval are specified between square bracket ([ , ] ), bounds are separate with comma. Bounds are integer. The
value of left bound must be less than the value of right bound.

<r ange- donai n>
"[' <integer> ',' <integer> ']

2.5.3. Enumeration of symbolic constants

An enumeration is alist of identifiers which are between brace and separate with commas ({ ...} ). These identifiers must
not be associated with a global constant name.

<enuner at i on- donai n>
"{' <identifier-list>"}"

2.5.4. Structured domain

Structured domain replacestype def of AltaRicaDassault language. They are essentially used to simplify entry of connection
beam between components (bus, serial cable, informationstransmission, ...). Only flow variables (in or out) can be declared
with structured domain (private or state variables can't).

The f | ow clause allows to define a set of structured domain fields. Each field is defined with an identifier and a domain
(which can't be structured).

A structured domain defines two plugs: the in plug and the out plug. Each connection plug is composed of n fields defined
with f | ow clause. Usually, afield has the same orientation as its reference plug. Thei nver se clause defines plug fields
having reversed orientation.

Theassert clause defines equality relations between in plugin and out plug. In order to simplify understanding, equality
relations are oriented and defined with assignment.

<l i nk- domai n>
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l'ink

flow <link-flowlist> (";"
inverse <inverse-list> (';

assert <connect-list> (';

kni |
<link-flowlist>

<link-flowdecl> (";' <link-flow decl>
<l i nk-f 1 ow decl >

<identifier-list>"':' <domai n>
<inverse-list>

<id-flowlink> (';' <id-flowlink>
<connect-list>

<connect-decl > (';"' <connect-decl >
<connect - decl >

<id-flowlink>"':=" <id-flowlink>

<id-flowlink>
in'" <identifier>
out '~ <identifier>

Examples:
Cas | Cas 2 Cas 3
o A A A
B —m™» B B B B B
c ¢ (i C [P ©
D —m» D D D D D
domain cas3 = |ink
domain casl = |ink domain cas2 = |ink flow AB,C,D: int
flow AAB,C,D: int ; flow AB,CD: int ; i nverse out”A; out”C
assert assert in"B; in"D
i n"A = out"A; i n"A = out”"B; assert
in"B := out”"B; in"B := out”"A in"A := out”B
in"C := out"C in"C := out"D; oOut™A :=in”"B
in"D := out"D; in"D := out"C in"C := out"D
knil; knil; out"C : = i n?D;
knil;

2.6. Declaration of functions or operators

Operators (or functions : f unc) enable definition of output variable functions of variables in parameters.

Description of afunctioniscloseto description of acomponent (node). The differenceisfunction doesn't describeabehavior.
A function isacomponent model having an output flow, someinput flows and assertions enabling definition of output flow

functions of input flows.

<functi on-decl >
func <identifier>
<function-el en>
<functi on- body>
cnuf
<function-el en>
<fl owcl s> <function-el enr

<functi on- body>
<assert-cl s> <functi on-body>

Domains of flow variables can be any domains, even structured domain. In this last case, structured flows having inverse
clause are forbidden. Moreover, equality between structured flows takes into account crossing that are defined in asser t

clause of structured domain.
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A function can be used only in expression of model assertions. It cannot be used in guards of assignments. Moreover,
recursive function cannot be written.

2.7. Declaration of models

A model is declared using the above syntax. Declaration begins with node keyword, followed by the model name, alist
of fields and ends with edon.

<nodel - decl ar ati on>
node <identifier>
<node- el en>
<node- body>
<extern-I|st>
edon

The first part enables declaration of data manipulated in this component model, that is to say flow variables (f | ow), state
variables (st at e), events (event ) and nodes (sub).

<node- el en>
<node-el em fi el d> <node- el en>

<node-el emfi el d>
<fl owcl s>
<state-cl s>
<event - cl s>
<sub-cl s>

The second part describes behavior and connections between data thanks to assertions (asser t ), transitions (t r ans),
synchronizations (sync) and initialization (i ni t ).

<node- body>
<node- body-fi el d> <node- body>

<node- body-fi el d>
<trans-cl s>
<assert-cl s>
<sync-cl s>
<init-cls>

Thelast part (one or many ext er n clauses) enables addition of information that are external to language. It's mainly used
for tools.

<extern-|st>
<extern-cl s> <extern-|st>

Thesync field is allowed only for hierarchical component model, that isto say if at least one sub-node has been declared
insub field.

st at e fieldsandt r ans fields are allowed only if model is not hierarchical.

2.7.1. Declaration of flow variables
Flow variables serve as interface with other components.

Declaration of flow variables must respect following syntax.

<fl owcl s>
flow <fl owdecl-Ilist>

Thef | owkeyword is followed by an unempty list of variables declaration separate with semicolon. Declarations list may
end with semicolon.
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<fl owdecl -1ist>
<flowdecl> (';' <flowdecl>

Every declaration conforms to following syntax : A list of names of variables, a separator : , a value domain, a second
separator : and the flow orientation (input flow : i n, output flow : out , loca flow or private component: | ocal or
pri vat e). Variablesidentifiersmust not befollowed by adeclared constant, an enumerated constant or an already declared
variable of the model (in the same or in another variable class).

<f | ow decl >

<identifier-list>"':' <domain> ':' <orientation>
<orientation>

in

out

private

| ocal

2.7.2. Declaration of state variables

State variables are used to imitate component state. Component changesits state by changing the value of one or many state
variables thanks to transitions.

Declaration of state variables must respect following syntax.

<state-cl s>
state <state-decl-list>

Thest at e keyword isfollowed by an unempty list of variables declaration separate with semicolon. Declarations list may
end with semicolon.

<state-decl-list>
<state-decl> (';' <state-decl>

Every declaration conformsto following syntax : A list of names of variables, a separator : and avalue domain. Variables
identifiers must not be followed by a declared constant, an enumerated constant or an already declared variable of the model
(in the same or in another variable class).

<st at e- decl >
<identifier-list>"':" <domain>

2.7.3. Declarations of events

Declarations of events must respect following syntax.

<event - cl s>

event <event-decl-list>
<event-decl -1ist>
<event-decl > (';' <event-decl>

<event - decl >
<identifier>

Declaration of event begins with event keyword, followed by an unempty list of event specifications separate with
semicolon. Declarations list may end with semicolon.

An event is defined with its name that is to say with an identifier. If an event is declared, a model must contain at least
one transition labeled with this event.

2.7.4. Declaration of sub-components

Declaration of sub-nodes of an Altarica model begins with the sub keyword. For the rest, syntax is the same as the one
used for state variables, except the fact that domain is replaced by a name of a previously declared model.

User's Manual - Version 6.1 - 2022 216/ 265



Cecilia-Workshop

<sub-cl s>
sub <sub-1list>
<sub-decl -list>
<sub-decl > (';' <sub-decl >
<sub- decl >
<identifier-list>"':' <identifier>

2.7.5. Definition des transitions

Definition of model transitions begins with t r ans keyword. This keyword is followed by an unempty list of transitions

specifications separate with semicolon. Declarations list may end with semicolon.

<trans-cl s>

trans <trans-1list>
<trans-list>

<transition> (';' <transition>

Transition definition always begins with a boolean expression which is the transition guard.

<transition>
<bool -expr> (<transition-target>

Guard of atransition isfollowed by an unempty list of actions linked to events.

An action beginswith aseparator | - followed by an unempty list of events previously declared in the model.(cf. 2.8.1) The

list ends with - > separator, followed by a possibly empty list of assignments of variables.

<transition-target>
"|-' <event-nanme-list> '->'" <assignment-list>
"|-' <event-nanme-list>'->

Assignments of variables are separate with commeas.

<assignment -1ist>
<assignment> (',' <assignment>

An assignment is composed of a state variable identifier, followed by assignment separator : = and ends with an expression

from the same type as state variable.

<assi gnnment >
<identifier>':=" <expression>

2.7.6. Definition of assertions

Definition of component assertionsbeginswithasser t keyword. Thiskeyword isfollowed by an unempty list of Boolean

expressions separate with semicolon. Declarations list may end with semicolon.

List of assertionsis construed as conjunction (logical AND) of assertions of the list.

<assert-cl s>
assert <assert-list>
assert
<assert-list>
<bool -expr> (';"' <bool - expr>

2.7.7. Definition of synchronizations

Declaration of synchronizations vectors begins with sync keyword. Declaration of synchronizations vectors is allowed if

model contains at |east one sub-component.
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<sync-cl s>
sync <vector-list>

Declaration of synchronizations vectors consists in an unempty list of vectors separate with semicolon. Declarations list
may end with semicolon.

<vector-list>
<vector> (';' <vector>

Synchronization vector consist in an event vector beginning with < and ending with >. Events can be events of the model,
or events of sub-component for hierarchical models, in this case events are prefixed with the name of the sub-component
and followed by a dot.

Discussions about synchronizations have shown that there are 3 types of synchronizations:

1. Synchronization like mec : events can only appears at the same time

<vect or - sync> '<'" <hierarchie-path> (',' <hierarchie-path>) + '>'

2. Broadcast : all eventsthat can appear at the same time appear at the same

<vector-diff> '<' <hierarchie-path> ('|"' <hierarchie-path> '

3. Common cause: either events appearsindividually (failure without common cause), or eventsthat can appear at the same
time appear at the same time (common cause strictly speaking ~= broadcasting)

<vect or - ccf > '<'" <hierarchie-path> ('?" <hierarchie-path>) + '>'

A vector can be written these ways.

<vect or >
<vect or - sync>
<vector-diff>
<vector-ccf>

2.7.8. Definition of initialization

Theinit keyword enables specifications of initialization of model state variables, and initialization of sub-component state
variables for hierarchical models.

Declaration of component initialization beginswith i ni t keyword. This keyword is followed by an unempty list of state
variable assignments separate with semicolon. Declarations list may end with semicolon.

List of assertionsis construed as conjunction (logical AND) of assertions of thelist.

<init-cls>

init <init-list>
<init-list>

<init-def> (';' <init-def>

An initialization consists of a path to a state variable. If the length of path is 1, then the referenced variable is a variable
of the currently defined model, else it is a variable of a son-component of the model. Each variable is associated with a
constant expression which must have the same type as that of variable.

<init-def>
<hi erarchy-path> ':=" <expression>

Initialization specified in a model override the ones specified in sub-components (these ones can be considered as value
for default initialization).
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2.7.9. Definition of external directives
Theext er n clause of amodel has been introduced in order to give information to tools using AltaRica language.

Declaration of directivesbeginswith ext er n keyword. Thiskeyword isfollowed by an unempty list of directives separate
with semicolon. Declarations list may end with semicolon.

<extern-cl s>

extern <extern-list>
<extern-list>

<extern-decl> (';' <extern-decl>

Contrary to previous versions of AltaRicaDassault (and AltaRicaLaBRI), the syntax of external clauseis specified. It takes
and extends the one defined in AltaRica DataF ow language.

<ext er n- decl >
<identifier> <extern-term> '=' <extern-ternp
<identifier> <extern-termp
<extern-ternms
true
fal se
<i nt eger >
<fl oat >
<string>
<identifier>
<identifier> '(' <extern-termr (',' <extern-ternmp)* ')’
' <extern-terne (',' <extern-terne "}
fl ow <hi erarchy-path> ">
state <hierarchy-path> '>
event <hierarchy-path> '>
sub <hi erarchy-path> '>
| ocal <hierarchy-path> '>
term' (' <expression>')' '>'

ANNNNNNT

The second way to declareext er n clause enables description of a set of term having specific priority (defined by identifier
before this set).

Thus, aterm (of ext er n clause) isanumber, astring (surrounded with double-quotes), an identifier, afunction using some
parameters (external type), or a set of term (of ext er n clause).

A term (of ext er n clause) can also refer to a part of the described component (flow variables, state variables, events or
sub-components).

The< local ...>term enables definition of a parameter linked to current component, but only usable in external
clauses. On the contrary, aterm composed by only oneidentifier is defined as a global parameter.

The< term ... >term enablesthe use of expression inside external clauses.

Following chapter deals with wanted syntax of usual extern directives.

2.7.9.1. Comments

It's possible to add a comment, that isto say a string, to a part of a component (flow variable, state variable, event or sub-
component).

This comment can be used by tools in order to display extra information. For example, let be a comment linked to events
representing failure of the component. This comment can be used by fault-tree generator for commenting basic event of
tree for more traceability.

<remar k- decl >

remark <objects> '='" <string>
<obj ect s>

<obj ect >

<obj ect s- set >
<obj ect s-set >

"{' <object> (',' <object>* '}
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<obj ect >

fl ow <hi erarchy-path> '>'
state <hierarchy-path> '>
event <hierarchy-path> '>
sub <hi erarchy-path> ' >

| ocal <hierarchy-path> '>

ANNNNN

2.7.9.2. Named parameters

Named parameters can be used for parameters of probability laws. It links identifier (local or global) to alaw parameter,
that isto say a number or adensity function.

<par am decl >

paraneter <identifier>'=" <parane

paraneter '<' local <hierarchy-path> "'>" '=" <parane
<par am>

<fl oat >

<identifier>

<identifier>'(' <extern-termr (',' <extern-termp)*® ')’

'<'" local <hierarchy-path> ">

Theidentified density functions are :
« uniform(min-value, max-value)

« normal (mean, standard-deviation)
* lognormal (mean, error-factor)

2.7.9.3. Probability laws

Model events can be linked to probability law of occurrence. This is mainly used by tools generating fault-trees. These
probability laws are described with functions using one or many parameters.

<l aw decl >
| aw <events> '=" <l aw>
<event s>
'<' event <hierarchy-path> '>'
<event s-set >
<event s-set >
"{' <events> (',' <events> "1
<l aw>
<identifier> '(' <paramr (',' <paranmp)” ')

Identified probability laws are :

 exponential (lambda)

» Welhull(alpha, beta)

« Dirac(delay)

« constant(probability)

« asymptotic_exponential (lambda, mu)
¢ GLM(gamma, lambda, mu)

« periodic_test(lambda, period, t0)

¢ CMT(lambda, mission-time, Q)
 uniform(min, max)

e periodic(T, t0)

2.7.9.4. Attributes

Attributes can be linked to model events. These attributs are couples (name, value) mainly used by tools generating fault-
trees.

Syntax used to define attributs on base eventsis the following:

<attribute-decl >
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attribute <identifier>'(' <events> ')' '=' <attribute-val ue>
<attribute-val ue>

true

fal se

<i nt eger >

<f| oat >

<string>

<identifier>

<events> is defined in chapter dealing with laws.

For example, attri bute type(<event def>)="CircuitBreaker" meansvalue of "type" attribut for "def"
event isequal to "CircuitBreaker".

2.7.9.5. Priority

In case of deterministic events, two events (instantaneous or time delay) may appear at the same time. In order to choose
the firing order of transition, a priority can be defined as shown below:

<priority-decl >
priority <events> '=' <integer>

<events> is defined in chapter dealing with laws and <integer> is an integer greater or equal to zero.

Events with high priority will be the more priority events.

2.7.9.6. Conditional events

Conditional transition are a specific case of immediate transitions. They are merged and defined with a bucket external
clause. Every transition of a bucket must have the same guard. When transitions of a bucket become fireable, only one
transition is randomly chosen (fired) depending on their probability law.

In order to say that an event is conditional, we haveto link it to a constant probability, and we have to declareit in a bucket
with the following syntax:

<bucket - decl >
bucket <events>

<events> is defined in chapter dealing with laws.

Sum of event probabilities of a bucket must me equal to 1.

2.7.9.7. Predicates and properties

Predicates and properties are quantity computed from model and can be observed with different tools. These quantities can
be defined from state or flow variable, and generally from expression definewith <t er m ( expr ) > clause. Predicated are
Boolean quantity, properties are numerical quantity (that isto say integer or real).

Therole of this quantity isto give away to observe model to external tools.

They are defined with the following syntax:

<predi cat e- decl >

predicate <identifier>'=" '<' term'(' <expression> ')"' '>'

predicate '<' local <hierarchy-path> "> '=" '<' term'(' <expression> ')"' '>'
<property-decl >

property <identifier>'=" '<' term'(' <expression>"')"' '>'

property '<' local <hierarchy-path>'>" "= '<' term'(' <expression>"')' '>

2.7.9.8. Events with memory (preemtible)

When transition is valid, a delay is defined functions of probability law assigned to event. Delay is randomly fired for
stochastic transitions, or fire with a determinate way for deterministic transitions. Transition will be fired at the current
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time of simulation plus this delay if transition stay valid until firing time. If transition doesn't stay valid (because of other
transition firing) until thistime, there are two way to handle transitions when they become valid again:

» Thetimed elapsed when transition was valid is forgotten. When transition becomes valid again, a new delay is computed.
It's AltaRica normal behavior.

» Thetimed elapsed when transition was valid is memorized. When transition becomes valid again, remaining timeis used
instead of anew one.

This property of eventsis declared as shown below:

<preenpti bl e- decl >
preenpti bl e <events>

<events> is defined in chapter dealing with laws.

2.7.9.9. Properties of component (nodeproperty)

It can be useful to memorize information. It is useful to keep information about components in results files, for example
their name, their creation date, their version or owner.

It can be made thanks to node property external clause as shown below:

<nodepr operty-decl >
nodeproperty <identifier> '=" <attribute-val ue>
nodeproperty '<' local <hierarchy-path> "> '="<attribute-val ue>

<attribute-value> is defined in chapter dealing with attributes.

It's al'so possible to memorize information about generation of AltaRica file, and other information (user who generated
it ...), adding external clause nodepr operty tonmai n node of AltaRicafile.
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F. AltaRica Extended Grammar

<identifier> '[a-z][a-zA-Z0-9_-]*

<i nt eger > "0 | ([1-9][0-9]*)"

<f1 oat > "[0-9]*.[0-9] +([eE][+-]?[0-9] +)?'
<string> B[R] PR

<al tarica-description>
<gl obal -decl aration-1ist>
<gl obal -decl aration-1ist>
<gl obal -decl aration> ((';"' <gl obal - decl arati on>

<gl obal - decl ar ati on>
<const ant - decl ar ati on>
<donai n- decl arati on>
<function-decl arati on>
<nodel - decl arati on>

<hi erar chy- pat h> <identifier> ' <hi erarchy- pat h>
<bool - expr > <expressi on>
<num expr > <expr essi on>
<synb- expr> <expressi on>
<struct - expr> <expr essi on>

<expr essi on>
<mat ch- expr >
<unmat ch- expr >
<mat ch- expr >
<ot her - expr >
i f <bool -expr> then <match-expr> el se <mat ch-expr>
<unmat ch- expr >
"('" if <bool-expr> then <bool -expr> ")
i f <bool -expr> then <match-expr> el se <unmat ch- expr>
<ot her - expr >
<or - expr essi on>

<at om c- expr essi on>
<i nt eger >
<fl oat >
true
fal se
<i d-vari abl e>
"(' <expression> ')’

mn ' (" <numexpr> (',' <num expr> DR

max ' (" <numexpr> (',' <num expr> ")

"#' ' (' <bool-expr> (',' <bool-expr>)+ ")
<identifier>'("' <expression> (',' <expression>* ")’
<identifier> "' (' ")’

case '{'

<bool - exp> <expressi on>

el se <expression>

'y

<i d-vari abl e>
<hi erarchy-path> '~'" <identifier>
<hi erar chy- pat h>

<unary- expressi on>
- <unary-expressi on>
<oper at or - not > <unary- expr essi on>
<at om c- expr essi on>
<oper at or - not >
not

<mul tiplicative-expression>
<mul tiplicative-expression>"'*' <unary-expression>
<mul tiplicative-expression> "'/' <unary-expression>
<mul tiplicative-expression>"'% <unary-expression>
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<unary- expr essi on>

<addi ti ve- expressi on>

<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expr essi on>
<rel ati onal - expressi on>
<addi ti ve- expressi on>

<equal i ty- expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<rel ati onal - expressi on>
<oper at or - neg>
Cp o
oy
<operator-inply>
i mply
0 gt

<and- expr essi on>

<equal i ty- expressi on>
<oper at or - and>

and

g

<or - expr essi on>

<and- expr essi on>
<oper at or - or >
or

o
<donmi n- decl ar ati on>

<donmi n-definiti on>
<l i nk- domai n>
<donmi n>

<donmi n>
<r ange- donmi n>
<enuner at i on- donai n>
<pr edef i ned- donmai n>
<identifier>

<pr edef i ned- donmai n>
bool
i nt
fl oat

<r ange- donmi n>
<enuner at i on- donai n>

<l i nk- domai n>
l'ink
flow <link-flowlist>
assert <connect-list>
kni |

<link-flowlist>

<l i nk-f 1 ow decl >

<inverse-list>

<connect-list>

<additive-expression> '+ <nultiplicative-expression>
<additive-expression> '-' <nultiplicative-expression>
<mul tiplicative-expression>

'<' <additive-expressi on>
'>' <additive-expressi on>
'<=' <additive-expression>
'>=' <additive-expression>

'=' <rel ational - expressi on>
<oper at or-neqg> <rel ati onal - expr essi on>
<operator-inply> <rel ati onal - expr essi on>

<and- expr essi on> <oper at or - and> <equal i ty- expr essi on>

<or - expr essi on> <oper at or - or > <and- expr essi on>

domai n <identifier> = <domai n-definition>

"[' <integer>',' <integer> ']

"{'" <identifier-list>"}"'

inverse <inverse-list> (';

<link-flowdecl> (';' <link-flow decl>
<identifier-list>"':' <domai n>
<id-flowlink> (';' <id-flowlink>

<connect-decl > (';"' <connect-decl >
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<connect - decl >

<id-flowlink>
in'" <identifier>
out '~ <identifier>

<functi on-decl >
func <identifier>
<function-el en>
<functi on- body>
cnuf
<function-el en>
<fl owcl s> <function-el en>

<functi on- body>
<assert-cl s> <function-body>

<nodel - decl arati on>
node <identifier>
<node- el en»
<node- body>
<extern-|st>
edon

<node- el en»
<node-el em fi el d> <node-el en>

<node-el emfi el d>
<fl owcl s>
<state-cl s>
<event - cl s>
<sub-cl s>

<node- body>
<node- body-fi el d> <node- body>

<node- body-fi el d>
<trans-cl s>
<assert-cl s>
<sync-cl s>
<init-cls>

<extern-|st>
<extern-cl s> <extern-|st>

<fl owcl s>

<orientation>
in

out

private

| ocal
<state-cl s>

state <state-decl-list> (';
<state-decl-1list>

<state-decl> (';' <state-decl>

<st at e- decl >

<identifier-list>"':' <domai n>
<event-cl s>

event <event-decl-list> (';
<event-decl -1ist>

<event-decl > (';' <event-decl>

<event - decl >

flow <flowdecl-list> (";"
<fl owdecl -1ist>
<flowdecl> (';' <flowdecl>
<f| ow decl >
<identifier-list>"':' <domain> "'

<id-flowlink>":=" <id-flowlink>

<orientation>
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<identifier>

<sub-cl s>
sub <sub-list> (';
<sub-decl -list>
<sub-decl > (';' <sub-decl >
<sub- decl >
<identifier-list>"':' <identifier>

<trans-cl s>

trans <trans-list> (';
<trans-list>

<transition> (';' <transition>

<transition>
<bool -expr> (<transition-target>

<transition-target>
"|-' <event-nane-list>"'->'" <assignment-list>
"|-' <event-nane-list>"'->

<assignment-1ist>
<assignnment> (',' <assignnment>

<assi gnnment >
<identifier>':=" <expression>

<assert-cl s>
assert <assert-list> (';"'
assert

<assert-list>
<bool -expr> (';"' <bool - expr>

<sync-cl s>
sync <vector-list> (';

<vector-list>

<vector> (';' <vector>
<vect or-sync> '<' <hierarchie-path> ('," <hierarchie-path>
<vector-diff> '<' <hierarchie-path> ('|"' <hierarchie-path>
<vector-ccf> '<' <hierarchie-path> ('?" <hierarchie-path>

<vect or >
<vect or - sync>
<vector-diff>
<vector-ccf>

<init-cls>

init <init-list> (";"'
<init-list>

<init-def> (';' <init-def>

<init-def>
<hi erarchy-path> ':=" <expression>

<extern-cl s>

extern <extern-list> (';"'
<extern-list>

<extern-decl> (';' <extern-decl>

<ext er n- decl >
<identifier> <extern-ternr '='" <extern-terne
<identifier> <extern-terne
<extern-ternp
true
fal se
<i nt eger >
<f| oat >
<string>
<identifier>
<identifier>'(' <extern-term> (',' <extern-ternp
"{' <extern-term> (',' <extern-tern "}
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<' flow <hierarchy-path> ">
'<' state <hierarchy-path> '>
'<' event <hierarchy-path> '>'
'<' sub <hierarchy-path> ">
'<' local <hierarchy-path>"'>
"< term' (' <expression> ')' '>'
<remar k- decl >
remar k <objects> '=' <string>
<obj ect s>
<obj ect >
<obj ect s-set >
<obj ect s-set >
"{' <object> (',"' <object> "}
<obj ect >
'<' flow <hierarchy-path> ">
'<' state <hierarchy-path> '>
'<' event <hierarchy-path> '>'
'<' sub <hierarchy-path> ">
'<' local <hierarchy-path> ">
<par am decl >
paraneter <identifier>"'=" <paranp
paraneter '<' local <hierarchy-path>"'>" '=" <parane
<par an»
<fl oat >
<identifier>
<identifier>'(' <extern-term> (',' <extern-ternp ")
'<' local <hierarchy-path> ">
<l aw decl >
| aw <events> '=" <l aw>
<event s>
'<' event <hierarchy-path> '>'
<event s- set >
<event s- set >
"{' <events> (',' <events> "}
<l aw>
<identifier>'(' <parane (',' <paranp ")
<attribute-decl >
attribute <identifier>'(' <events> ')' '=' <attribute-val ue>
<attribute-val ue>
true
fal se
<i nt eger >
<fl oat >
<string>
<identifier>
<priority-decl >
priority <events> '=' <integer>
<bucket - decl >
bucket <events>
<pr edi cat e- decl >
predicate <identifier>'=" '<' term'(' <expression>')"' '>'
predicate '<' local <hierarchy-path>"'>" '= '<' term'(' <expression> ')' '>'
<property-decl >
property <identifier>'=" '<' term'(' <expression> ')' '>'
property '<' local <hierarchy-path>'>" '= '<' term'(' <expression> ')' '>'
<preenpti bl e- decl >
preenpti bl e <events>
<nodepr operty-decl >
nodeproperty <identifier>'=" <attribute-val ue>
nodeproperty '<' local <hierarchy-path>"'>" '="<attribute-val ue>
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G. AltaRica model verification

AltaRicamodel verification requires a certain number of steps. Each step will detect potential errors on model.

The linking of these steps is described as follows:

Reader LocalSimul
. CCF
Syntactical & — *| Check local
Si;n:cnktlc Translate simulation
Simul
Model Convert el ’
Error(s) Fune, Link & DataFlow Error Params
CCF —
assert Verify
== ¥ (Before Flatness)
affect
Local
Properties
DiataFlow
I | Flatness
. B File/Stream . _Iiaramj
[ ] Process : Setting flat .
: : Verif
[ ] Parameters .

(After Flatness)

Global
Properties

i ’ Exceptionsf\Narningi -~
. B Structure , Error

-

Warning

Overdl principle consistsin:

« reading file (or flow) in extended AltaRicaformat. Extended format adds elements to manage functions, structured links
and common cause failure synchronization.

« trandating extended model in 'standard’ AltaRica.

 converting assertions to assignments (or convert to ‘dataflow’ format)

« verify node having behavior with local ssmulation

* setting flat amodel (that's to say removing hierarchy in order to use only one component standing for the system)
« verifying properties like validity of some predefined external clauses, or like loop presence in assertions ...

Each transformation generates adata structure standing for system, if no error is detected. On the contrary case, an exception
is generated so that user can modify his model. Some transformations need one or more input-parameters.

The following part deals with each transformation principle in details and all possible error messages.

1. Syntactical check

Syntactical check uses lexical and syntactic analyzer like Lex& Y acc. AltaRica Extended's syntax is defined in BNF format
(e.g. LggOcas-02-0.pdf).

If thereis at least one error, amessage will display line and position of the found error.

1 | node syntax
2| state State:bool;
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3| event Evt;

4 | trans

5 | State |- Evt -> State= ;

6 | edon;

AltaRica: 5 : Parser error on token = : syntax error
Event : 4 : Event (Evt) is orphan (No transition use it).

2. Semantic check

Semantic check aimsat model consistency validation. That'sto say, model usesknown and defined data, dataare compatible,

model seemsto be'logic), ...
Errorson domains:

¢ Unknown domain

1 | node Senmantic
2| flow Qut : Power;
3 | edon;

Undef Donmain : 2 : Donmain (Power) unknown
AltaRica : 2 : Construct donamin

* Impossible interval-domain: Min > Max

1 | node Semantic
2| flow Qut : [3,2];
3 | edon;

Undef Domain : 2 : Domain : Mn (3) > Max (2) in range

« Already declared domain

{Pos, Null, Neg};
[0,2];

omai n Power

d
donmai n Power

1]
2|

Domai nRange : 2 : Nane (Power) already used for another donamin
AltaRica : 2 : Defined domain (Power)

Errors on structured domains (I i nk):

» Not structured domain made of fields with structured domain

1| domain First = link
2| flow A B:int;

3| assert

4 | i N"A 1= out A
5| in"B : = out”"B;

6 | knil;

7

8 | domain Second = |ink
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9 | flow

10 | Aint;

11 | B: First;

12 | assert

13 | i N"A ;= out A
14 | in"B : = out”"B;
15 | knil;

Link : 11 : Link : Struct domain not allowed
AltaRica : 11 : Construct link

Link : 15 : Flow (B) unknown

AltaRica : 15 : Construct link

* 'inverse' and 'assert' clauses are not compatible

1| domain First = link

2| flow A Biint;

3| i nverse

4 | i NMA; out A

5| assert

6 | i N"A = out A

7 | in"B : = out”"B;

8 | knil;

Flow : 2 : inverse and assert clauses are unconpatible
AltaRica : 8 : Construct link

* Fow variable already assigned

1| domain First = link
2 | flow A B:int;

3 assert

4 | i N"A D= out A
5 | i N*A = out”B;
6 | knil;

Flow: 2 : Flow (in”A) already assigned
AltaRica : 6 : Construct link

Errors on operators/functions (f unc):

» Structured domain with 'inverse' clause are not allowed in function

1 | domain Connect = |ink
2 | flow A Bint;

3| inverse i n"A; out”"A
4 | assert

5| out A : = in"A

6 | in"B := out”"B;

7 knil;

8 |

9 | func Operation

10 | flow

11 | Operation:int:out;
12 | Argl: Connect:in;
13 | assert

14 | Qperation = Argl”B;
15 | cnuf
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Flow : 12 : Struct inverse not possible
AltaRica : 15 : Defined function (Operation)

» Output variable already defined

| func Operation

| flow

| Operation:int:out;

| Argl, Arg2:int:in;

| Add: bool : out ;

| assert Operation =

| (if Add then Argl+Arg2 el se Argl-Arg2);
| cnuf

O~NO OB WNE

Flow : 5 : Qut variable already exists
AltaRica : 8 : Defined function (Operation)

« Wrong number of argument

1| func Operation

2| flow

3| Qperation:int:out;

4 | Argl, Arg2:int:in;

5| Add: bool : i n;

6 | assert Operation =

7 | (if Add then Argl+Arg2 el se Argl-Arg2);
8 | cnuf

9 |

10 | node Args

11 | flow

12 | Inl, In2:int:in;

13 | Qut:int:out;

14 | assert

15 | Qut =Oper ation(lnl,In2);
16 | edon

Expr : 15 : argunents nunber
AltaRica : 16 : Defined node (Args)

 Function aready declared

1 | func Operation

2| fl ow

3| Operation:int:out;

4 | Argl, Arg2:int:in;

5| Add: bool : i n;

6 | assert Operation =

7 | (if Add then Argl+Arg2 el se Argl-Arg2);
8 | cnuf

9 |

10 | func Operation

11 | fl ow

12 | Operation:int:out;

13 | Arg:int:in;

14 | assert Operation = -Arg;
15 | cnuf

Fct : 8 : Nane (Operation) already used for another function
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AltaRica : 15 : Defined function (Operation)

« Unknown function

1 | node Node

2| fl ow

3 Qut:int:out;

4 | Inl, In2:int:in;

5| assert

6 | Qut = Fct(Inl,In2);
7 | edon

Expr : 6 : Fct (Fct) unknown
AltaRica : 6 : Construct expression
Expr : 6 : Undef expression
AltaRica : 7 : Defined node (Node)

Errors on nodes/components (node):

» Component already declared

1 | node Node

2| flow

3| Qut:int:out;

4 | Inl, In2:int:in;

5 | assert

6 | Qut = I nl+ln2

7 | edon

8 |

9 | node Node

10 | flow

11 | Qut:int:out;

12 | In:int:in;

13 | assert

14 | Qut = -1In;

15 | edon

Node : 7 : Nane (Node) already used for another node
AltaRica : 15 : Defined node (Node)

* Name-conflict with flow variable

1 | node Node

2| flow

3| Qut:int:out;

4 | Inl, Inl:int:in;
5 | assert

6 | Qut = I nl+ln2
7 | edon

Flow : 4 : Nane-conflict (Inl) with flow variable
AltaRica : 7 : Defined node (Node)

* Name-conflict with state variable

1 | node Node
2| state Qut:int;
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3 flow Qut:int:out;
4 | Iniint:in;
5| assert

6 | Qut = In;

7 | edon

Flow : 3 : Nane-conflict (Qut) with state variable
AltaRica : 7 : Defined node (Node)

« Name-conflict with symbolic constant

1 | node Node

2| flow Qut:{ST, SF, SB}: out;

3 state ST:int;

4 | assert

5| Qut = (if ST>3 then SF el se SB);
6 | edon

State : 3 : Name-conflict (ST) with synbolic constant
AltaRica : 6 : Defined node (Node)

« Unknown component

1 | node Unit
2| flow
3| Cut : bool : out ;
4 | I n:bool :in;
5 | state OK: bool
6 | assert
7| Qut = (if OKthen In else );
8 | edon
9 |
10 | node Equip
11 | flow
12 | Qut : bool : out;
13 | I n:bool :in;
14 | sub
15 | A B unit;
16 | assert
17 | Aln =1In;
18 | B.ln = 1In;
19 | Qut = (Aln | Bn);
20 | edon
AltaRica : 15 : Node (unit) unknown
Expr : 17 : Synbol (A.In) not found in current node
AltaRica : 20 : Defined node (Equip)

Errors on flow variables (f | ow):

* Unknown flow variable

1| domain Connect = |ink
2| flow A B:int;

3| i nverse in"C, out”A
4 | assert

5 | out A : = i n"A

6 | in*"B : = out "B

7] knil;
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Link : 7 : Flow (C unknown
AltaRica : 7 : Construct link

* Flow variable aready declared

1 | domain Connect = |ink
2| flow A Alint;

3 i nverse in™A; out”A
4 | assert

5| out ™A : = i n"A

6 | in"B := out”B;

7] knil;

Flow : 2 : Flow (A) already exists
AltaRica : 7 : Construct link

 Local flow variables are not allowed with structured domains having 'inverse' clauses.

1| domain Connect = |ink

2| flow A Biint;

3| inverse i n"A; out”"A

4 | assert

5| Out A : = in"A

6 | in"B : = out”"B;

7 | knil

8 |

9 | node Unit

10 | flow

11 | Mem Connect : | ocal ;

12 | Qur: Connect : out ;

13 | assert

14 | Qut = Mem

15 | edon

Link : 12 : Flow : Inverse struct domain not allowed for |ocal flow
Expr : 14 : Symbol (Qut) not found in current node
AltaRica : 15 : Defined node (Unit)

Errors on state variables (st at e) :

» State variables are not allowed with structured domains.

1| domain Connect = |ink
2| flow A B:int;

3 i nverse i n*A; out"A;
4 | assert

5| OUt A = i n"A;

6 | in?"B : = out”B;

7 | knil

8 |

9 | node Unit

10 | fl ow Qut: Connect: out;
11 | state State: Connect;
12 | assert

13 | Qut = State;

14 | edon
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Link : 11 : State : Struct donmin not allowed
Expr : 13 : Synbol (State) not found in current node
AltaRica : 14 : Defined node (Unit)

Errorson events (event ):

* Unknown event

|
| fl ow

| Qut : bool : out;

| I n: bool :in;

| state OK: bool;

| trans

| K |- def -> K := ;
| assert

| Qut = (if OKthen In else );
| init K := ;

| edon

POOWOO~NOULA WNE

e

Tree : 7 : Event (def) unknown
AltaRica : 11 : Defined node (Unit)

« Event aready declared

1| node Unit

2| event def;

3| fl ow

4 | Qut : bool : out;

5| In: bool :in;

6 | state OK: bool;

7 | event def;

8 | trans

9 | K |- def -> K := ;

10 | assert

11 | Qut = (if OKthen In else );
12 | init K := ;

13 | edon

Event : 8 : Event (def) already exists
AltaRica : 13 : Defined node (Unit)

 Orphan event (used by none of transitions)

| node Unit

| flow

| Qut : bool : out;

| In: bool :in;

| state OK: bool;

| event def;rep;

| trans

| K |- def -> K := ;
| assert

| Qut = (if OKthen In else );
| init K : = )

| edon

©COoO~NOULDAWNE

Event : 7 : Event (rep) is orphan (No transition use it).
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Errors on sub-components (sub):

* Sub-component already declared

1 | node Unit

2| flow

3 Qut : bool : out;

4 | I n: bool :in;

5| state OK: bool

6 | assert

7| Qut = (if OKthen In else );
8 | edon

9 |

10 | node Equip

11 | sub

12 | A A Unit;

13 | edon

Sub : 12 : Sub (A) already exists
AltaRica : 13 : Defined node (Equip)

Errors on assertionsg/assignments (assert) :

» Alwaysfalse assertion

1 | node Unit

2| flow True:bool:in;

3 state OK: bool

4 | assert

5 | (if OK then not( ) else );
6 | init K := ;

7 | edon

Expr : 5 : Assert always false
AltaRica : 7 : Defined node (Unit)

» Assertion directly defined with function

1| func Fct

2| fl ow

3 Fct:int:out;

4 | Arg:int:in;

5| assert

6 | Fct = Arg+

7 | cnuf

8 |

9 | node Unit

10 | flow In:bool:in;

11 | assert

12 | Fct (1 n);

13 | edon

Expr : 12 : Assert not define with function
AltaRica : 13 : Defined node (Unit)

 Assertion without constant boolean expression

1| node Unit
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flow In:int:in;
assert

Expr : 4 : Assert with no bool ean constant expression
Expr : 4 : Attach data
AltaRica : 5 : Defined node (Unit)

Errors on expressions (assertions/guards/assignments) :

« Unknown identifier for current node (neither a variable, nor possible value of enumerate)

flow
Qut : bool : out;
In: bool :in;
state State: {CK KO SB};
event def;rep;
trans
State=OK |- def -> State: =Ko;
assert
Qut = (if State=ok then In else );
init State := OK;
edon

©COoO~NOOULDWNE

Expr : 8 : Synbol (Ko) not found in current node
AltaRica : 12 : Defined node (Unit)

» Non-boolean Argument(s)

|
| flow

| Qut : bool : out;

| In: bool :in;

| state State: {OK, KO SB};

| assert

| Qut = (if State then In else );
| init State := OK

| edon

©COoO~NOULDA WNBE

Expr : 7 : No boolean args : State
AltaRica : 9 : Defined node (Unit)

« Non-numeric argument(s)

I
I
| Qut:int:out;

| In:int:in;

| state State: {CK KO SB};
| assert

| Qut = mn(ln, State);
| init State := OK;

| edon

O©CoO~NOOUTDWNRE

Expr : 7 : No numeric args : State
AltaRica : 9 : Defined node (Unit)
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« Non-structured argument(s)

1 | domain Connect = |ink

2| flow A Bint;

3| assert

4 | i N"A D= out A

5 | in"B : = out”"B;

6 | knil;

7|

8 | node Unit

9 | flow

10 | Qut : bool : out;

11 | In1, In2:Connect:in;

12 | assert

13 | Qut = (Inl !=1n2);

14 | edon

Expr : 13 : No structured args : Inl
AltaRica : 14 : Defined node (Unit)

« Equality between arguments from domains that aren't compatible

1 | node Unit

2| flow

3| CQut : bool : out ;

4 | I nl: bool :in;

5 | In2:int:in;

6 | assert

7| Qut = (Inl = 1n2);
8 |

edon

Expr : 7 : Equality args
AltaRica : 8 : Defined node (Unit)

» Assignment with two input flows (in = in)

|
| flow

| Qut : bool : out;

| Inl, In2:int:in;
| assert

| Inl = In2;

I

~NOoO U~ WN

edon

Expr : 6 : Assignnent args (in = in)
AltaRica : 7 : Defined node (Unit)

» Assigne Assignment with enumerate domains that aren't equivalent

I
| flow

| Qut: { OK, KO, SB}: out ;
| In: {CK KG:in;

| assert

| Qut = In;

OO WNBRE
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7 | edon

Expr : 6 : Assignnent enuns not equival ent
AltaRica : 7 : Defined node (Unit)

» Assignment with two constants (cst = cst)

I

| flow

| Qut : { OK, KO, SB}: out ;
| In: {OK KGO :in;
| assert

| X = KO
I

~NOoO O~ WN

Expr : 6 : Assignnent args (cst = cst)
AltaRica : 7 : Defined node (Unit)

 Division by zero

1 | node Unit

2| flow

3| Qut:int:out;

4 | In:int:in;

5 | state OK: bool

6 | assert

7 | Qut = (if OKthen In else In/0);
8 | edon

Expr : 7 : Division by zero
AltaRica : 8 : Defined node (Unit)

« Function are not allowed into transitions (guard or affectation), or into extern clause.

1| func Add

2| flow

3| Add: i nt:out;

4 | Argl, Arg2:int:in;

5 | assert

6 | Add = Argl+Arg2

7 | cnuf

8 |

9 | node Unit

10 | flow

11 | Qut:int:out;

12 | Inl, I n2, Chk:int:in;
13 | state OK: bool

14 | event fail

15 | trans

16 | K |- fail -> OK := (Add(In1,In2)!=Chk)
17 | assert

18 | Qut =

19 | edon

Expr : 16 : Function are not allowed in this context (transition or extern clause)
AltaRica : 19 : Defined node (Unit)
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Errorson transitions (t r ans) :

¢ Guard of anon-boolean transition.

| node Unit

| flow In:int:in;

| state OK: bool ;

| event chg;

| trans

| In |- chg -> OK := not (XK);
| init K := ;

| edon

O~NO O WN -

Expr : 6 : Not bool ean guard
AltaRica : 8 : Defined node (Unit)

e Guard alwaysfase

1 | node Unit

2| state State: {CK KO SB};

3| event def;

4 | trans

5 | OK=KO | - def -> State := KO
6 | edon

Expr : 5 : Cuard always fal se
AltaRica : 6 : Defined node (Unit)

» Variable already assigned in transition

node Unit
state OK: bool ;
event def;
trans
K |- def ->
X :
X :

O~NO T WN

Trans : 7 : State (OK) already assigned
AltaRica : 8 : Defined node (Unit)

» Domain not compatible for variable assignment

| node Unit

| state OK: bool;

| event def;

| trans

| K |- def -> K := ;
I

OO WNPE

Expr : 5 : Conflict domain assignnent for state (OK)
AltaRica : 6 : Defined node (Unit)
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Errors on synchronizations (sync):

* First event of a synchronization must belong to current component.

1 | node Unit

2| state OK: bool ;

3 event def;rep;

4 | trans

5 | K |- def -> K := ;
6 | not (OK) |- rep -> K : =

7 | init K := ;

8 | edon

9 |

10 | node Equip

11 | sub A/B: Unit;

12 | sync <A. def ? B.def>;

13 | edon;

Sync : 12 : First event nust belong to current nodel
AltaRica : 13 : Defined node (Equip)

» Eventsfollowing the first event must belong to sub-components

1 | node Unit

2| state OK: bool;

3 event def;rep;

4 | trans

5 | K |- def -> K := ;
6 | not(COK) |- rep -> K : =

7 | init K := ;

8 | edon

9 |

10 | node Equip

11 | sub A/B: Unit;

12 | event rep;

13 | sync <rep, A.rep, rep>;

14 | edon;

Sync : 13 : Other event nust belong to nodel s conponent
AltaRica : 14 : Defined node (Equip)

Errorson initializations (i ni t):

» Impossible initialization: Usualy, initial value is not compatible with the domain of state variable.

1| node Unit

2| state OK: bool;
3| init K := ;
4 | edon

AltaRica : 4 : Defined node (Unit)

Expr : 3 : Init [OK := 10] is not possible

3. Translation into 'standard' AltaRica

AltaRica Extended language has added some constructions helping model entry. It's so useful to convert to 'standard’

AltaRica
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They are tree specific constructions:
1. Structured flows: they alow easy representation of complex connection between two components.

2. Operators/Functions can be considered as components without behavior (no state variable, no event). They are used
directly in component assertions.

3. Synchronizations of Common Cause Failures (CCF) enrich model. They allow to consider that many events (failures)
can be fired at the same time, but without deleting each event presence (as it would be done in case of broadcast
synchronizations).

If syntactic and semantic check didn't display errors, this processing should not generate errors.

4. Convert assertions to assignments

Conversion to Dataflow format

In AltaRica, it's possible to write assertions that are not implicitly assignments. Some users use to write assertions like i f
[condition] then [var]=[val ue]. It'sthe same thing as the following boolean implication [ condi ti on]
=> ([var]=[val ue]).

‘AltaRica DataFlow' language view assertions as assignments on output flow variables. That istosay out = [fct (i ns,
states)];.

Goal isto convert usually used assertions of type implication to dataflow assignments.

In order to do that, transformation algorithm need parameters which are all component assertions to generate equivalent
assignments.

This algorithm is made of two steps:
A. For each flow (local or output), it search an equation likef | ow = fct (fl ows, states>.
This step is made of three sub-steps:
1. Isthere adataflow equation on considered flow ?
2. Isthere adataflow equation hideinclausesif ... then ... else ... onconsideredflow ?

3. Onthecontrary, all clausesassigning variable areretrieved in couple (condition, assignment) and equival ent equations
are generated.

Consistency and completeness of assertions are checked thanks to simple flow-simulator.
B. For every assertion:
1. It verifiesthereisno assignment with output-variable if at |east one assertion has been generated in step A.3.
2. It verifiesthat thereis no circular definition of variables. Assignment istidied up to avoid ambiguities.
List of A.3 errors:

* No assignment for agiven variable

| node Dat aFl ow

| fl ow

| Qut : bool : out;
| state

| Stat e: { K, KO, SB};
| /* L */

| assert

I Qut;

| edon

©CoO~NOULSA WNE

User's Manual - Version 6.1 - 2022 242 | 265



Cecilia-Workshop

Node : 9 : DataFl ow( Dat aFl ow, Cut)

- No assignnent operation for variable :

Qut

» Presence of operator avoiding processing. Inside non-dataflow-equation, the only allowed operatorsare : implication i f
[condition] then [affects] andtest-operatorsi f [ condition] then [affects] el se [affects]
; condition is boolean expressions and assignment is conjunction (operator &) of assignment ([ Var ] =[ Val ue]).

1 | node DataFl ow
2| flow
3 Qut : bool : out;
4 | I n: bool :in;
5| icone:[1, 3]:out;
6 | state
7| State: { K, KO, SB};
8 | /* */
9 | assert
10 | if State=OK then icone=1 | Qut= ;
11 | if State=KO then icone=2 | Qut= ;
12 | if State=SB then icone=3 | Qut = ;
13 | edon
Node : 13 : DataFl ow(DataFl ow, Qut) - Operator not dataflowi sable : ((icone = 1) or Qut)
 Output flow not connected.
1 | node DataFl ow
2| flow
3| Qut : bool : out;
4 | In: bool :in;
5| icone:[1, 3]:out;
6 | state
7 | State: { OK, KO, SB};
8 | /* */
9 | assert
10 | (if State=OK then Qut=In else Qut= )
11 | edon
Node : 11 : DataFl ow( Dat aFl ow, icone) no connected variable
List of B errors:
» Assignment of output flow is not allowed.
1 | node DataFl ow
2| flow
3 Qut : bool : out;
4 | I n: bool :in;
5| icone:[1, 3]:out;
6 | state
7| St at e: { OK, KO, SB};
8 | /* */
9 | assert
10 | if State=OK then icone=1;
11 | if State=KO then icone=2;
12 | if State=SB then icone=3;
13 | if icone=1 then Qut=In else Qut= ;
14 | edon
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Node : 14 : DataFl ow( Dat aFl ow, Qut) assignment with output flow invalid

» At the end of 'dataflowisation’ process, there are still assertions that are not taken into account. It usually comes from

useless assignment of avariable.

1 | node DataFl ow

2| flow

3 Qut : bool : out;

4 | In: bool :in;

5| icone:[1,3]:out;

6 | state

7 | State: { K, KO, SB};

8 | [* ... %

9 | assert

10 | if State=OK then Qut=In else Qut=
11 | if State=OK then icone=1;

12 | if State=KO then icone=2;

13 | if State=SB then icone=3 & Qut=
14 | edon

Node : 14 : DataFl ow( Dat aFl ow, ???) - Already assert exist
((State = SB) => (Qut = false))

 Set of assignments creating aloop

1 | node DataFl ow

2| fl ow

3| a, b, c:bool :in;
4 | V, W, X, Y, z: bool : out;
5| /% ... %

6 | assert

7| w= (v &b);
8 | X =(y & z);
9 | y = (wé&a);
10 | z = (v &c);
11 | v = (a|b|x);
12 | edon

Node : 12 : DataFl ow( Dat aFl ow, ???) - No DAG equati on.
Current |oop :
v

X
y
w
\

Possible errors during check with simulation of flows:

 Itisn't possible to verify completeness and/or consistency of a model, if one of its input flows has an infinite domain

definition (integer or float)

| node Dat aFl ow

| flow

| Qut : bool : out;

| Iniint:in;

| state

| St at e: { K, KO, SB};
| 1 ..

| assert

| if State=OK & In > then Qut= ;
| if State=KO & In < then Qut= ;

QOWoOO~NOOAWNE

[N
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11 | if (State=SB | In <= | I'n >=20) then Qut = ;
12 | edon
Node : 12 : DataFl ow(DataFlow, Qut) - Simul - Infinity domain fromvariable : In

« Simulation isonly possibleif component isn't too-complex. On the contrary, this simulation will take too much time and

too much memory.

1 | node DataFl ow

2| flow

3| CQut : bool : out ;

4 | In1,In2,1n3,In4,In5,1n6: [0, 9]:in;

5| state

6 | State: { K, KO, SB};

7| [* .0 %

8 | assert

9 | if State=0OK & (I nl+ln2+ln3+l n4+l n5+I n6) > then Qut= ;
10 | if State!=0OK then Qut= ;

11 | edon

Node : 11 : DataFl ow(DataFlow, Qut) - Simul - Too conpl ex conponent

» The simulation engendered an affectation of avariable outside its domain of definition.

1 | node DataFl ow

2| flow

3| Qut:[1,2]:out;

4 | state

5 | State: { OK, KO, SB};

6 | [* .0 %

7 | assert

8 | if State=OK then Qut=1;

9 | if State=KO then Qut=2;

10 | if State=SB then Qut=3;

11 | edon

Node : 11 : DataFl ow( DataFl ow, Qut) - Simul - Affectation outside domain of definition
Value 3 (Domain [1,2]) with valuation :
State = SB

« Consistency error during simulation: avaluation of input variables can generate assignments having different values.

1 | node DataFl ow

2| fl ow

3| Qut : bool : out;

4 | I n: bool :in;

5| state

6 | St at e: { K, KO, SB} ;

7| [* .0

8 | assert

9 | if State=OK | In then Qut= ;

10 | if State=KO & In then Qut= ;

11 | if State=KO & not(In) then Qut= ;
12 | if State=SB then Qut= ;

13 | edon

Node : 13 : DataFl ow(DataFl ow, Qut) - Sinul - Incoherence error
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Value (true, false) with valuation :
State = KO
In = true

« Completeness error during simulation: thereis an input variable valuation that has no assignment.

1 | node DataFl ow

2| flow

3| Qut : bool : out;

4 | In: bool :in;

5 | state

6 | State: { OK, KO, SB};

7| [* .00

8 | assert

9 | if State=OK & In then Qut=

10 | if State=KO & In then Qut= ;
11 | if State=KO & not(In) then Qut=
12 | if State=SB then Qut= ;

13 | edon

Node : 13 : DataFl ow( DataFl ow, Qut) - Simul - Unconpl et eness error
No value with valuation :

State = K

In = fal se

5. Local simulation of components

Local simulation of components enables detection of potentials default like:

« trangition conflicts: Two transitions - having equivalent guards and associated with the same event - may be valid

simultaneously.

« variable assignment with avalue from a different domain of definition.

« atoo much complex component (too many state variables, too many input variable) which could generate a combinative

explosion with some tools.

A dynamic component can be an issue during somefault tree generation, and for compari sons between tree generation and
seguence generation. A component isdynamic if fromthe sameinitia state, 2 event-permutationslead to 2 different states.

Principle is to do a local simulation of each component having behavior (presence of transition or state variable). This
simulation assumes that component input flows have the same value during simulation time. This simulation is made for

every value of state variables and input flows.
M essages associated with too complex components.

* Loca smulation can't be doneif avariable (state or flow) has an infinite domain (Integer or Float).

| node Test

| flow

| I :int : in;

| state S : bool

| event a;

| init S:=

| trans

| (r > ) &not(S) |- a->S:=
| edon

O©COoO~NOOULD WNE

Node : 9 : Local Sinmul (Test) - Infinity domain fromvariable : |
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e Loca simulation can't be done if component is to complex. Otherwise, this simulation would take too many times and

memory.
1 | node Test
2| fl ow
3 O : bool : out
4 | 11,12,13,14,15 : [0,9] : in;
5| state S : bool
6 | event a;
7 | init S:= ;
8 | trans
9 | ((1 1+l 2+ 3+1 4+15) > 25) & not(S) |- a ->S :=
10 | assert
11 | O= (if Sthen 11>12 else |3>4);
12 | edon
Node : 12 : Local Sinul (Test) - Too conpl ex conponent
Cardi nal = 200000 [ > 100000]

« Loca simulation can't be done if there are too many dependent events. Otherwise there are too many permutations, and

simulation takes too many time.

n+
n+
n+
n+
n+
n+
n+
n+

1 | node Test

2| fl ow

3| In: [0,9 @ in;

4 | state S: [0,9] ;

5 | event a; b; c; d; e; f;
6 | init S:= ;

7 | trans

8 | S=1In+0 |- a->S:=1
9 | S=1In+l |- b->S:=1
10 | S=In+2 |- ¢c ->S:=1
11 | S=1In+t3 |- d->8S:=1
12 | S=In+4 |- e->S:=1|
13 | S=1In+5 |- f ->S:=1
14 | S=1In+6 |- g->S:=1
15 | S=1In+7 |- h->8:=1
16 | edon

Node : 16 : Local Sinul (Test) -
Cardi nal = 4032000 [ > 100000]

Too conpl ex conponent

A fault tree is a static view of a system. During fault tree generation, we assume that generated system is static. Local

simulation enables static component checking. That's to say its state doesn't depend on events order leading to it.

o Examplel
1 | node Test
2| state S: [0,4] ;
3 event a; b
4 | init S:= ;
5| trans
6 | S=0]-a->S:=1;
7| S=1]-b->S:=2;
8 | S=0]-b->S:=3;
9 | S=3]|-a->S:=4;
10 | edon
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scenario
MenConb(a, b) => {S=2}
CurPerm(b, a) => {S=4}
fromthe followi ng conditions
S=0

Node : 10 : Local Sinul (Test) - Final state conponent depend on failures order fire in

| node Test

| state S: [0,3] ;
| event a; b; c;

| init S:= ;

| trans

I |- a->
I |- b->
I |- ¢ ->
I |- b->
I

QWO ~NOUDWNLE
[= NN N N )]

o mnu

nununun

o mnu

=
[¢]
o
=]

scenari o
MenConb(a, b) => {S=3}
CurPerm(b, a?) => {S=2}
fromthe foll ow ng conditions
S=0

Node : 10 : Local Sinul (Test) - Final state conponent depend on failures order fire in

Two transitions are in conflict at agiven time, if they have valid guards and are associated with the same event. Transition

in conflict can be detected during alocal simulation.

* Transition in conflict

1 | node Test

2| flow | : [0,4] : inm

3 state S: [0,4] ;

4 | event a; b;

5| init S:=0;

6 | trans

7| S=2]-a->8S:=

8 | S=38&l1 =0]-b->8S:=4
9 | S = |- b->8S:=

10 | edon

fromthe followi ng conditions
S=2
Il =0

Node : 10 : Local Sinul (Test) - Conflict transition fire

Seq(a, b)

During thelocal simulation, anumber of error can arise as an affectation except adomain of definition or adivision by zero.

» Affectation outside domain of definition included assert

| node Test

| flow

| Qut : [0,4] : out
| In: [0,2] : in;
| state S: [0, 3]

| event a;

| init S:

| trans

| S = |- a->8S:=

9]

©COoO~NOOULDWNE
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10 | S=1]-b->S:=3;
11 | S=0]|-b->S:=2;
12 | S=2]-a->S:=3;
13 | assert

14 | Qut = I n+S

15 | edon

Node : 15 : Local Sinul (Test) - Affectation outside domain of definition
Qut : val ue=5, domai n=[0, 4]

fromthe followi ng conditions
In = 2
S =3

» Affectation outside domain of definition included transition's affect

1 | node Test

2| state

3 | S: [0,3];

4 | event a; b;

5| init S:=0;

6 | trans

7 | S = |- a->8:=1;
8 | S=1]-b->8:=4;
9 | S=0]-b->8s:=2;
10 | S = |- a->8:= 4
11 | edon

Node : 11 : Local Sinul (Test) - Affectation outside domain of definition
S : val ue=4, domai n=[0, 3]

after sequence : Seq(a, b)

fromthe followi ng conditions
S=0

« Error during the evaluation of an expression (division by zero)

node Test
state
div : [0,1];
event dec;
init div :=1;
trans
div > |- dec ->div :=div / (div-1);
edon

O~NO A WNE

Node : 8 : Local Sinul (Test) - Division by zero
after sequence : Seq(dec)

fromthe followi ng conditions

div =1

6. Setting flat of model

To set amodel flat isto remove hierarchy in order to use only one component standing for the system.

The principle consists in making instances recursively for sub-components, in order to add flow-variables, states, events,

transitions, assertions and external clauses inside current model.
The only difficulty is the synchronizations processing.

Possible error during setting flat:
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¢ Unknown event for a parent node

1| node Flatl

2| [* .00

3| state OK: bool;

4 | event chg;

5 | trans

6 | (0.6 |- chg -> K : =
7 | not(CK) |- chg -> K : =
8 | /* */

9 | edon

10 |

11 | node Flat2

12 | sub U1, U2: Fl at 1;

13 | event chg;

14 | sync <chg, Ul.chg, UW2.chg>;
15 | /* */

16 | edon

17 |

18 | node Flat3

19 | sub

20 | U: Fl at 1;

21 | E: Fl at 2;

22 | event chg;

23 | sync <chg, U. chg, E.UL. chg>;
24 | /* */

25 | edon;

Node : 25 : Flatness Event (E.UL.chg) unknown for node (Fl at3)
Node : 25 : Attach data

Indeed, model is set flat recursively, the component FI at 2 will be set flat before component FI at 3.

During Fl at 2 setting flat, the events U1. chg and U2. chg will be replaced by chg.

During Fl at 3 setting Flat, during processing of <chg,

U. chg,

E. UL. chg> synchronization, E. UL. chg eventis

searched, but it has disappeared and has been replaced by E. chg, that's why thereisan error.

» Too complex component - Too high number of transition having to be generated.

1| node Flatl

2| [* .00

3| state K [0, 9];

4 | event chg;

5| trans

6 | X = |- chg -> K : =
7 | X = |- chg -> K : =
8 | X = |- chg -> K : =
9 | X = |- chg -> K : =
10 | X = |- chg -> K : =
11 | X = |- chg -> K : =
12 | X = |- chg -> K : =
13 | X = |- chg -> K : =
14 | X = |- chg -> K : =
15 | X = |- chg -> K : =
16 | /* */

17 | edon

18 |

19 | node Flat2

20 | sub

21 | Ul, U2, U3, U4: Fl at 1;

22 | event chg;

23 | sync <chg, Ul.chg, U2.chg,
24 | /* */

25 | edon;

U3. chg, U4.chg>;
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Sync : 23 : Flatness Sync (chg) for node (Flat2)
generate so | arge nunber of transition (10000)
Sync : 23 : Attach data

7. Properties control

Properties control consists in alocal properties checking on each component or an overall properties checking on the flat
model.

These properties aren't considered as AltaRica errors. Nevertheless, some tools can have difficulties to process AltaRica
models having properties like float variables or looped assertions.

This processing displays possible errors/issues.

1. Control of 'parameter’ external clause

'parameter’ external clause allowsto define law parameters that can be used in external clauses. These parameters are named
either in aoverall way or with aclause<l ocal | D>.

Overall syntax for thisexternal clauseis: parameter [I D] = [paran]; avec[paran] ::= [FLOAT] | [ID]
| [FCT] ([ param +) where[ | D] areidentifiers, [ FLOAT] isafloat and [FCT] isaincertitude-propagation-law (also
called propagation-law or incertitude-law) among {| ognor nal , uni f or m nor mal .

A parameter is either afloat (parameter value), or a name referencing a named parameter, or an incertitude-law. In the last
case, parameter of the incertitude-law can't be defined with an incertitude-law.

Possible errors are;

» Syntax error in parameter statement

1 | node main

2| state OK: bool

3| event def; rep;

4 | trans

5 | K |- def -> K :=

6 | not(COK) |- rep -> K : =

7 | init OK:= ;

8 | extern

9 | paraneter {lbd, mu} = ;

10 | | aw <event def> = exponential (|bd);
11 | | aw <event rep> = exponential (rmu);
12 | edon;

ExternParameter : 9 : file : Syntax error for 'paraneter' clause :
paraneter [id] = [parani;
=> paraneter {lbd, mu} = 0.001

e Syntax error in parameter definition

| node main

| state OK: bool
| event def ;
| trans K |- def -> K : =
| init OK:= ;
| extern

| paraneter |bd = ;

| | aw <event def> = exponential (|bd);
| edon;

©CoO~NOOULDA WNEF
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ExternParanmeter : 7 : file : Syntax error for term[paran] used in 'law or 'paraneter’
cl ause :

[param] ::= [float] | [id] | fct([paran]+);

=> paraneter lbd = "le-3"

* Unknown incertitude-function

| node main

| state OK: bool ;
| event def;

| trans OK |- def
| init OK:=

| extern

| paraneter | bd
| | aw <event def
I

edon;

©COoO~NOOULDA WNE

-> K = ;

= | ognor mal e( » 3);
> = exponenti al (I bd);

Ext ernParaneter : 7 : f
fct = {l ognormal | unif

ile : Unknown propagation function for [paran] ()
or n nor mal }

=> paraneter |bd = | ognormal (0. 001, 3)

* Recursive incertitude-function

| node main

| state OK: bool
| event def;
| trans OK |- def
| init OK:=

| extern

| paraneter | bd
| | aw <event def
I

edon;

O©CoO~NOOULDAWNE

-> K =

| ognor mal (uni f or n( , Bk

> = exponenti al (I bd);

Ext ernParaneter : 7 : f
=> paraneter |bd =

ile : Recursive propagation functions are forbiden ...

| ognor mal (uni forn( 8. 0E-4, 0.0012), 3)

2. Control of 'law' external clause

The'law' external clause allows to

define delay and/or probability laws associated with events of model.

Overal syntax for this external clauseis. | aw <event [|D-EVT]> = [FCT] ([ param +); where[ | D- EVT] is
an event identifier and [ FCT] isalaw recognized by Araliaand/or Mocal2 (for [ par ani , e.g. previous paragraph)

Possible errors:

» Syntax error in law definition

| node main

| state OK: bool
| event def;

| trans OK | - def
| init OK:=

| extern

| | aw <event
I

edon;

O~NO O WN R

-> K =

def> =

ExternLaw : 7 : file :

| aw <event

Syntax error for 'law clause :

[id]> = fct([param +>);
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=> | aw <event def> = 0.001

¢ Unknown law

| node main

| state OK: bool ;

| event def;

| trans OK |- def -> K : = ;
| init OK:= ;
| extern

| | aw <event
| edon;

def> = dirac( );

O~NO O WN R

ExternLaw : 7 : file : Unknown function for
or Mocal2 conpute engine
=> | aw <event def> = dirac(0.001)

"law cl ause :

nmust

be a known law for Aralia

* Managed Aralialaws are: exponential, constant, Weibull, Dirac, GLM, asymptotic_exponential, periodic_test.

node main
state OK: bool
event def;
trans OK | -
init OK:=
extern
| aw <event
edon;

def -> K : =

def> = ifa(10, DE

O~NO A WNE

ExternLawAralia : 7 : file :
=> | aw <event def> = ifa(1l0,

Unknown | aw for Aralia
100)

« Managed Mocal2 laws are: exponential, constant, Weibull, Dirac, ifa (planned instant), nlog, unif.

| node main

| state OK: bool ;

| event def;

| trans OK |- def -> K : = ;
| init OK:= ;
| extern

| | aw <event def> = GLMO, ] DE
| edon;

O~NO OB~ WNE

Ext ernLawibca : 7 : file : Unknown | aw for Mbcal2
=> | aw <event def> = GLM O, 0.001, 0.01)
* Number of parameters is defines for each law.
1 | node nmain
2 | state OK: bool ;
3| event def;
4 | trans OK |- def -> K := ;
5| init OK:= ;
6 | extern
7 | | aw <event def> = exponenti al ( , );
8 | edon;
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ExternParanmeter : 7 : file : The nunber of |aw paraneters isn't correct
=> | aw <event def> = exponential (0.001, 0.01)

3. Control of 'attribute' external clause
The 'attribute’ externa clause allows to associate attributes to events.

Overall syntax for this external clauseis: attri bute [I D-ATTR] (<event [ID EVT]>) = [val ue]; where
[1 D ATTR] isnameof attribute, [ | D- EVT] aneventidentifier and [ val ue] isvalue of the attribute for the considered
event.

Possible errors:

e Syntax error

1 | node main

2| state OK: boo

3| event def;

4 | trans K |- def -> K : =

5| init OK:= ;

6 | extern

7 | | aw <event def> = exponenti al ( )

8 | attribute Type(<event def>) = ponpe(2);
9 | edon;

ExternAttribute : 8 : file : Syntax error for "attribute' clause : [val ue]
attribute [name] (<event [id]>) = [value];
=> attribute Type(<event def>) = ponpe(2)

4. Control of 'nodeproperty’ external clause
The 'nodeproperty’ external clause allows to associate properties to components (nodes).

Overall syntax for this external clauseis: nodeproperty [I1 D] = [val ue]; where[ | D] isname of property and
[ val ue] isvalue of the property.
[ val ue]

| node main

| state OK: bool

| extern

| nodeproperty date = fornat ( )
| edon;

abhwWwNBE

Ext ernNodeProperty : 4 : file : Syntax error for 'nodeproperty' clause
nodeproperty [id] = [val ue];
=> nodeproperty date = format("2007/06/12")

5. Control of 'priority' external clause
The 'priority' external clause allowsto define priority between events.

Overall syntax for thisclauseis. priority <event [ID EVT]> = [I NT]; where[ | D- EVT] isaneventidentifier
and [ | NT] anon negative integer specifying priority level (the higher the number, the higher the event priority.

Possible errors:
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* syntax error

node nain
flow In:bool:in;
state Mem bool ;
event chg;
trans Mem =In |- chg -> Mem:= In;
init Mem:= ;
extern
| aw <event chg> = Dirac(0);
priority <event chg> = High;
edon;

CQOWO~NOUOAWNE

[N

ExternPriority : 9 : file : Syntax error for 'priority'
priority <event [id]> = [integer];
=> priority <event chg> = High

cl ause :

» Only instantaneous events can have priority.

node nmain
flow In:bool:in;
state Mem bool ;
event chg;
trans Mem =In |- chg -> Mem:= In;
init Mem:= ;
extern
| aw <event chg> = exponenti al (
priority <event chg> = 1;
edon;

DE

QOWoO~NOOAWNE

[N

file :
exponenti al (0. 001)

ExternPriorityDirac : 8 :
=> | aw <event chg> =

A untenporised event (chg) can not have a priority.

6. Control of 'remark’ external clause

The 'remark’ external clause allows to document events (flow variables, state variables events, sub-components, local

parameters) of an Altaricamodel.

Overall syntax for thisclauseis: r emar k [ OBJ]
[ID><flow [ID] > <state [ID]>|<sub [ID]>|<local
guotation marks).

Possible errors:

» Syntax error

= [ STRING ; where[ OBJ] isan element of the moddl. (<event

[1D]>) and [ STRING is string (between

| node main

| state OK bool ;

| event def;

| trans OK |- def -> K : = ;
| extern

| remark <event def> =

| edon;

defai |l | ance;

~NOoO O~ WN

ExternRemark : 6 : file : Syntax error for 'renmark’
remark [obj] = "<String>"; with [obj] ::= <event
[id]>| <local [id]>

=> remark <event def> = defaillance

cl ause :
[id]> <flow [id]>| <state [id]>|<sub
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7. Control of 'preemptible’ external clause
The 'preemptible’ external clause allows to define events such as preemptible events.

Overal syntax for thisclauseis: preenpti bl e { (<event [ID-EVT]>)+ }; where[| D- EVT] areevents.

1 | node main

2 | flow Call:bool:in;

3| state St:{OK, KO SB} ;

4 | event Def; Rep; SOK; SSB;

5 | trans

6 | St =K |- Def -> St := KQ
7 | St =KO |- Rep -> St := SB;
8 | St=SB & Call |- SOK -> St := K
9 | St=0K & ~Call |- SSB -> St := SB;
10 | extern

11 | | aw <event SOK> = Dirac(0);

12 | | aw <event SSB> = Dirac(0);

13 | preenpti bl e {<event Rep>} = ;
14 | edon;

ExternPreenptible : 13 : file : Syntax error for 'preenptible' clause :
preenptible '{' (<event [id]>)+ "}’
=> preenptible {<event Rep>} = false

8. Control of 'bucket' external clause

The 'bucket' external clause allows to associate events in order to consider that there are disunctive in probability (can't
appear at the sametime). It allows to imitate trigger with realistic sollicitation.

Overall syntax for thisclauseis: bucket { (<event [ID EVT]>)+ }; where[ | D- EVT] areevents.
Possible errors:

¢ Syntax error

1 | node nmain

2| flow Call:bool:in;

3 state St:{OK KO, SB} ;

4 | event Def; Rep; SOK; SKO SSB;

5| trans

6 | St =K |- Def -> St := KQ

7 | St =KO |- Rep -> St := SB;

8 | St=SB & Call |- SOK -> St := OK;

9 | St=SB & Call |- SKO-> St := KO

10 | St=CK & ~Call |- SSB -> St := SB;

11 | extern

12 | | aw <event Def> = exponenti al ( );

13 | | aw <event Rep> = exponenti al ( );

14 | | aw <event SOK> = const ant ( );

15 | | aw <event SKO> = const ant ( );

16 | | aw <event SSB> = Dirac(0);

17 | bucket {<event SOK>, <event SKO>} = ;

18 | edon;

Ext ernBucket : 17 : file : Syntax error for 'bucket' clause :
bucket '{' (<event [id]>)+ '}’
=> bucket {<event SOK>, <event SKO>} = false

» Each event must be associated with one and only one transition.

1 | node main
2| flow Call:bool:in;
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3 state St:{OK KO, SB} ;

4 | event Def; Rep; SOK; SKO

5| trans

6 | St =K |- Def -> St := KQ

7 | St =KO |- Rep -> St := SB;

8 | St=SB & Call |- SOK -> St := OK;

9 | St=SB & Call |- SKO-> St := KO

10 | St=CK & ~Call |- SOK -> St := SB;

11 | extern

12 | | aw <event Def> = exponenti al ( );

13 | | aw <event Rep> = exponenti al ( );

14 | | aw <event SOK> = const ant ( );

15 | | aw <event SKO> = constant ( );

16 | bucket {<event SOK>, <event SKO>} = ;

17 | edon;

Ext ernBucket : 16 : file : The event (SOK) is used at
=> bucket {<event SOK>, <event SKO>} = true

different transition.

» The guards of transition must be equal.

1 | node main

2| flow Call:bool:in;

3| state St:{OK KO, SB} ;

4 | event Def; Rep; SOK; SKO SSB;

5] trans

6 | St =CK |- Def -> St := KO

7 | St =KO |- Rep -> St := SB;

8 | St=SB & Call |- SOK -> St := OK;

9 | St=KO & Call |- SKO-> St := KO

10 | St=K & ~Call |- SSB -> St := SB;

11 | extern

12 | | aw <event Def> = exponenti al ( )

13 | | aw <event Rep> = exponenti al ( )

14 | | aw <event SOK> = constant ( )

15 | | aw <event SKO> = constant ( )

16 | bucket {<event SOK>, <event SKO>} = ;
17 | edon;

[warning] : 9 : file : Transition guards of events (SOK SKO are not equal
=> ((St = KO and Call) |- SKO-> St := KO

(exactly).

» Law associated to each event must be a constant law with parameter between 0 and 1.

1 | node main

2| flow Call:bool:in;

3| state St:{OK, KO, SB}

4 | event Def; Rep; SOK; SKO, SSB;

5 | trans

6 | St =K |- Def -> St := KO
7| St =KO |- Rep -> St := SB;

8 | St=SB & Call |- SOK -> St := OK;

9 | St=SB & Call |- SKO-> St := KO
10 | St=CK & ~Call |- SSB -> St := SB;
11 | extern

12 | | aw <event Def> = exponenti al ( );
13 | | aw <event Rep> = exponenti al ( );
14 | | aw <event SOK> = constant(2);

15 | | aw <event SKO> = constant ( )

16 | | aw <event SSB> = Dirac(0);

17 | bucket {<event SOK>, <event SKO>} =
18 | edon
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ExternBucket : 8 : file : Gamma not between 0 and 1 : Event (SOK)
=> ((St = SB) and Call) |- SOK -> St := K

* The sum of parameters for event-laws must be equal to 1.

1 | node nmain

2| flow Call:bool:in;

3 state St:{OK KO, SB} ;

4 | event Def; Rep; SOK; SKO, SSB;

5| trans

6 | St =CK |- Def -> St := KO

7 | St =KO |- Rep -> St := SB;

8 | St=SB & Call |- SOK -> St := OK;

9 | St=SB & Call |- SKO-> St := KO

10 | St=CK & ~Call |- SSB -> St := SB;

11 | extern

12 | | aw <event Def> = exponenti al ( );

13 | | aw <event Rep> = exponenti al ( );

14 | | aw <event SOK> = constant ( );

15 | | aw <event SKO> = constant ( );

16 | | aw <event SSB> = Dirac(0);

17 | bucket {<event SOK>, <event SKO>} = ;

18 | edon;

Ext ernBucket : 17 : file : Sumof gama not equal 1.
=> bucket {<event SOK>, <event SKO>} = true

9. Control of 'observer' external clause

The 'observer' external clause allowed to define statistic observers that can be use with Combava stochastic simulator and

with Mocal2.
The 'property' and 'predicate’ external clauses replace it.

A 'deprecated’ message is display if this clauseis used.

| node main

| state St:int;

| event chg;

| trans

| St >= |- chg -> St := St*4/5;

| init St := ;

| extern

| observer EndVal ueOrSt = <term (St)>;
| edon;

O©oO~NOOUITAWNRE

ExternCbserver : 8 : file : 'observer' clause is deprecated.
=> observer EndValueO'St = <term (St)>

10. Control of 'predicate’ external clause

The 'predicate’ external clause allows to define boolean observers that can be use with Combava tools and with Mocal2.

Right syntax for this external clauseis. predi cate [ID] = <term ([bool ean-terni)>where[|D] isan

identifier and [ bool ean-t er n] isan AltaRicaboolean expression between brackets.

An error isdisplay if expression is not boolean.

1 | node main
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2| state cpt:int ;

3| extern

4 | predicate failed = <term (cpt*2)>;
5| edon;

ExternPredicate : 4 : file : Syntax error for 'predicate' clause :
predicate [id] = <term ([bool ean-terny)>;
=> predicate failed = <term ((cpt * 2))>

11. Control of 'property" external clause

The 'property' external clause allows to define numeric (integer ou real) observers that can be use with Combava tools and
with Mocal2.

Right syntax for this external clauseis: predicate [ID] = <term ([nunmeric-tern])>where[]D] isan
identifier and [ nuneri c-t er m isan AltaRica numeric expression between brackets.

Anerror isdisplay if expression is not numeric.

1 | node main

2 | state S : {ok, ko, hs}

3| extern

4 | property failed = <term (S)>;
5 | edon;

ExternProperty : 4 : file : Syntax error for 'property' clause :
property [id] = <term ([numeric-term)>;
=> property failed = <term (S)>

12. Other controls

Instead of <event [ | D- EVT] >, thereusually can bealist of events. External clauseis defined for every event in thelist.
In this case, the list mustn't be empty and mustn't have double (two times the same event).

List of possible errorsin adefinition of set of events.

» Empty list

| node main

| state OK: bool;

| event def;

| trans OK |- def -> OK : = ;
| extern

| | aw def = exponenti al ( );
| edon;

~NOoO U WN

ExternLaw : 6 : file : No define event for current clause
=> | aw def = exponential (0.001)

e List with double

| node main

| state OK: bool;

| event def;

| trans K |- def -> K : =
| extern

b wWN R
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6 | | aw {<event def>, <event def>} = exponential ( );
7 | edon;

[warning] : 6 : file : Cause set with redefine event.
=> | aw {<event def>, <event def>} = exponential (0.001)

AltaRica event are either instantaneous or temporized or stochastic. Tools may not manage instantaneous or temporized
events.

« Some tools may not manage instantaneous events.

| node main

| flow In:bool:in;

| state OK: bool ;

| event chg;

| trans K & In |- chg -> K : = ;
| extern |l aw <event chg > = Dirac(0);
| edon;

~NoO O WN R

Event I nstantaneous : 6 : file : Event (chg) has instantaneous (Dirac(0)).
=> | aw <event chg> = Dirac(0)

» Some tools may not manage temporized events.

| node main

| flow In:bool:in;

| state OK: bool ;

| event chg;

| trans K & In |- chg -> OK : = ;
| extern | aw <event chg > = Dirac(10);
| edon;

~NOoO O WN

Event Tenporised : 6 : file : Event (chg) has tine delay (Dirac(x)).
=> | aw <event chg> = Dirac(10)

* Sometools consider that events without law are instantaneous events. Existence of events without |aw must be checked.

| node main

| state OK: bool;

| event def;

| trans OK |- def -> K :=
I

a b wN

EventLaw : 4 : file : Event (def) has nothing define |aw.
=> def

Possible errors on guards and transitions:

« FaultTree generation with inference engine isn't safe when there are flows in guard of atransition.

1 | node main
2| flow I n:bool :in;
3| state OK: bool;
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event def;
trans OK& n |- def
edon;

4|
5 | -> K=
6 |

GQuardWthFlow : 5 :
= (K and In) |-

file :
def -> OK := fal se

Guard of transition with flow variable (In).

» Besides this particular cases, it is inadvisable to have transitions that are always valid. In the case below, when failure
happens, event must be no more fireable. The guard of this transition have to be modified.

| node main

| state OK: bool;
| event def;

| trans | -
| edon;

abwnN

file :
-> K := fal se

GuardTrue : 4 :
=> true |- def

Alway valid transition (guard alway true)

« Two transitions - having equivalent guards and associated with the same event - may be in conflict.

Because they have equivalent guards, they always be valid in the same time. Because they are associated with the same

event, they will be fireablein the sametime.

Currently, two guards are considered as equivalent if they are strictly equal (same order in arguments of operators) A+B

+C doesn't equals C+B+A.

node mai n
state
flow
event

[

| Etat: {Quvert, Ferne};
|

|

| trans

|

|

|

CC: bool :in;
chg;

Et at =Quvert & CC |-
Et at =Quvert & CC |-
edon

chg -> Etat: =Ferne;
chg -> Etat:=Quvert;

O~NO O WN

TransConflict : 7 : file :
=> ((Etat = Quvert) and CC) |-

Warring transitions (same guard,
chg -> Etat := CQuvert

sane event) for (chg) event.

Some type of synchronization are not fully compatible with some tools. For example, tree generation of type: inference
engine, works properly only with CCF synchronization. In addition, it is possible to use synchronization (other CCF type)
with events belong to same sub component. This synchronization can generate affectation conflict (Two transition who

affect some state variable with different value).

» Presence of Synchronization of type "synchronization”.

node Unit
event def;
state OK: bool;
init K : =
trans

node main
sub A B:Unit;
event synk;

P OOWOO~NOULEA WNE

R
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12 | sync <synk, A. def, B.def> ;
13 | edon;

SyncSync : 12 : file : Synchronization type of synk is Synchronization.
=> <synk , A.def , B.def>

« Presence of synchronization of type Diffusion (BroadCast)

1| node Unit

2| event def;

3| state OK: bool;

4 | init K := ;

5 | trans

6 | K |- def -> K := ;
7 | edon;

8 |

9 | node nmin

10 | sub A B:Unit;

11 | event synk;

12 | sync <synk | A.def | B.def> ;
13 | edon;

SyncDiff : 12 : file : Synchronization type of synk is Diffusion (BroadCast).
=> <synk : A def or B.def>

* Presence of synchronization of type CCF (Common Cause Failure)

1] node Unit

2| event def;

3| state OK: bool;

4 | init K :=

5 | trans

6 | K |- def -> K :=

7 | edon;

8 |

9 | node nmin

10 | sub A B:Unit;

11 | event synk;

12 | sync <synk ? A.def ? B.def> ;
13 | edon;

SyncCCF : 12 : file : Synchronization type of synk is CCF (Commopn Cause Failure).
=> <synk : A def or B.def>

» Presence of synchronization with events belong to same sub component

1 | node Unit

2| event chgl; chg2;

3 flow |I:bool:in;

4 | state

5| OK: bool ;

6 | Mem [0, 2] ;

7| init

8 | X := ;

9 | Mem : = 0O;

10 | trans

11 | XK &Il |- chgl -> K : = , Mem:= 1;
12 | XK &~ |- chg2 -> K : = , Mem:= 2;
13 | edon;

14 |
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15 | node nain

16 | sub A B:Unit;

17 | event synk

18 | sync <synk | A.chgl | B.chgl | A chg2 | B.chg2> ;
19 | edon;

SyncSomeSub : 18 : file : Synchronization synk with events (A chgl, A chg2) belong to
sane sub conponent.
=> <synk : A chgl or B.chgl or A chg2 or B.chg2>

Most step by step simulator and some tools can't manage systems with loops in their assertions.

 Loop presencein assertions

1| node Unit

2| flow

3| Qut : bool : out;

4 | In :bool:in;

5 | event def;

6 | state OK: bool

7 | init K :=

8 | trans

9 | K |- def -> K :=

10 | assert

11 | Qut = (if OKthen In else );

12 | edon;

13 |

14 | node main

15 | sub A B:Unit;

16 | assert

17 | B.ln = A

18 | A ln = B

19 | edon;

Loop : 3 : file=>Instance : Loop assert : A Qut [ B.In]
<=BQt [ Aln]
<= AQut [ B.In]

=> A Qut: bool : out

Altatica code entered by user can betoo complex to be generated into a compilable Javalanguage. Actually, in some cases,

the generated java code contains too large methods, so Java compiler can not manage compilation.

» The generated java code contains too large methods, so Java compiler can not manage compilation.

node conpl ex
flow
Ssw. bool : i n;
FmAct : bool : i n;
Def Rv: bool : i n;
Inl: bool :in;
I n2: bool :in;
I n3: bool :in;
I n4: bool :in;
Val 1: bool :i
Val 2: bool :i
Val 3: bool :in;
Val 4: bool :in;
Rv: bool : out;
assert
Rv = case {
(Val1 and Val 2 and Val 3 and Val 4 and Inl and In2 and In3 and |In4) : ,
(Val1 and Val 2 and Val 3 and Val 4 and (!1nl) and In2 and In3 and |In4) : ,

n;
n;

/* More line */
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(Val1 and Vval 2 and Val 3 and Val 4 and not Inl and In2 and (!1n3) and (!1n4))
el se Def Rv

he

edon

GenerateJaval : 103 : file : Likely error during Java conpilation
The 'assert' AltaRica Code of 'conplex' conponent is too big.
=> node conpl ex

edon

Currently, float/interger variables and some operators are not always supported by Altaricamodel processing tools.

* Integer variable presence

I

I

| Qut:int:out;

| event def;

| state Prod:int;

| init Prod := ;
| trans

| Prod>0 |- def -> Prod := 0;
| assert

| Qut = Prod;

| edon;

P OOWOO~NOULA WNE

R

Exprint : 3 : file : Variable with integer domain : Qut
=> Qut:int:out

Exprint : 5 : file : Variable with integer domain : Prod
=> Prod:int

* Float variable presence

I

I

| Qut:float:out;
| event def;

| state Prod:float;
| init Prod : = ;
| trans

| Prod>0 |- def -> Prod := 0;
| assert

| Qut = Prod,

| edon;

P OOWO~NOULA WNE

R

ExprFloat : 3 : file : Variable with float domain : Cut
=> Qut:float: out

ExprFloat : 5 : file : Variable with float domain : Prod
=> Prod: fl oat

* Presence of unwanted operators

I
| flow

| Qut : bool : out;

| In1, 1 n2,1n3:bool :in;
| state K [1, 3];

b wWwN
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init K:=
assert
Qut = #(1nl,1n2,1n3)>=K;

6 |
7
8 |
9 | edon;

ExprCrd : 8 : file : Operator of type : #(...)
=> #(Inl, In2, In3)
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