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Abstract

The chapter deals with plugins needing a step by step simulator to work. This simulator can be
select in order to choose the one to be used to do the action of plugin.

These plugins use step by step simulator for specific uses:

 Sequences generator search for every sequences below a given order (number of eventsin
sequences) leading to a non-wanted system state (feared event), from an initial state of a system.
This search is made with a depth-first search or with a specific strategy. To do that, generator
will use step by step simulator to fire transitions, to validate feared-event presence, to go back,

* FMEA generation help aims at synthesizing consequences of unitary failures on models.
Overal principle consists in starting from an initial state and firing each model transition, and
then display every model variables.

» Tempora propagation visualization help function allows user to have information about the
progression of the propagation of afunctional or dysfunctional flow in a system following an
unitary failure. Overall principle consistsin starting from an initial state and firing a stochastic
event, then let the step by step simulator to fire transitions according the Dirac values. After
each step, we will collect the flows whose val ues have changed and increment the rank of the
propagation.

 Sequences checking enables to replay result of a sequence generation on current model. There
are many utilities. First, it enables to validate that sequences found with a sequences generator
(from BPA DAS or other tools) lead to atop event of the system. Secondly, it can be used to
verify that a dightly modified model behaves the same way with a set of sequences.
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Sequences generation (Generic)

Sequences generation consist in finding every way leading to a specific state (feared event), from an initia state of a
system. 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 astep by step simulation. Thisisthemain
avantage 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 timeis proportional to the system size, but exponential to the depth of the ridding through. It impliesalong

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).

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

default
pannel

| Validate || Cancel |

Feared event is defined thanks to a calculation-target. The target corresponds to a specific value of a model variable
(If the variableis equal to the selected target the feared event happens). Cal cul ation parameters are usually associated
with a calculation-target (for exemple, the result file name).
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The following dialog window enables to define one (or several) traget(s) which must be taken into account during
sequences generation. A resul file will by generated for each computation target.

4. Sequences generation

Targets
= H S HH
Target | File | Order
unexpected unexpectedState = true |EiProjectiSystemiSenGen.sey | 3
E= Add
=4 Del
= Open List ...
& save List .. r
Compute options :
Generation type : @ Default target
. Absorhent top event| i Change result path ...
) Combination
(@ Permutation Result Set |ns min-sequencies | - |
Sl Format result |In XML format | = |
| Ok | Cancel |

Thiswindow manage alist of computation-targets. When thiswindow isvalidate, 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 enables to modify the list of calculation targets.

E Add acaculation-target (alinein the list). The target is duplicated from a default calculation target.

Remove selected computation target.

Go selected target down.

=4
Climb selected target up.
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-use it.

—a |Load alist of computation targets.
= P I
iud

It enablesto 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 : %num% => order number in the list, %var% => variable name, %val% => valueto use, ...

......
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Double-click on an element of the list enables to edit it with an appropriate editor

4 Target selection

B main

©- (| B1

©= (| B2

&= [ B3

o[ AU

® 2 BK1

&= (2 BK2

© [ BK3

® 2 BP1

@[ BP2

© (J BP3

© () BP4

@ JER

% 4 0 =trug]

false
true

o G5 R1 [Etrug]
o G5 R2 [=trug]
@ &5 B3 [Etrug

@ &5 Stop [=true)
©= (3 GenB
@ (2 GenH
@] ap

4

| Ok " Cancel

Target editor opens a window and shows every model variable in a tree 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 eventgtransitions
of a sequence. The transition number doesn't take into account instantaneous transitions if their automatic firing is
activated (user preferences).

The Generation type specifies the sequences generation strategy.

» Combinaison: During the simulation phases, every combinationidentified issimulated oncein agiven order. Within
a combination the same event is drawn only once.

e Permutation: During the simulation phases, every identified combination is simulated in al orders. Within a
combination the same event is drawn only once.

* Repetition: Each combination is simulated in al 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 memorised.

* Asmin-sequences : Only minimal sequences will be memorised.

» 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 isto say:
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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 Aralia format : Result file contains found sequences in 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, ...

<?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>
</ def i ne>
<abstract >
/* Order of products
3 132
*/
</ abstract>
<resul t>
<seq><tr id="1" evt="synthesys_2.failure"/>
<tr id="16" evt="screen_1l.failure"/>
<tr id="19" evt="screen_pilot.and_2.out_1"/></seq>
<seq><tr id="1" evt="synthesys_2.failure"/>
<tr id="16" evt="screen_1l.failure"/>
<tr id="27" evi="screen_pilot.relay_2.untinely_close"/></seq>
</result>
<nodel >
<f | ow nane="unexpect ed. unexpect edSt at e" donai n="bool " orientation="out"></f|ow>
<state nane="location_nodul e. bus. _state" donai n="{no_ok, ok}">
<init value="ok"/></state>
<state nane="location_nodul e. cal cul nunl. state_" donai n="{no_ok, ok}">
<init value="ok"/></state>

<event nanme="1ocation_nodul e. bus.failure">

<l aw val ue="exponential (1. 0E-4)" aralia="..." noca="..."/></event>
<event nanme="rescue.failure">
<l aw val ue="exponential (1. 0E-4)" aralia="..." noca="..."/></event>

<nodeproperty nane="project Nane" val ue="Exenpl es/ Al RCRAFT_AI RCRAFT_LCOCATI ON'/ >

</ nodel >
</ seqgen>

When thiswindow is correctly filled and validated, SeqGen task is added to the task manager of BPA DAS
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Result of sequences generation

If everything is all right, for each computation target, a window displays a summary of computation parameters,
statistics, and possible error-messages.

l g Info - Sequences generation (generic)
ISequences generation (generic) ...

Target : unexpected.unexpecteditate. true
Permutation generator [order = 3]

WbhrMax3eq = 39270

Begin at 3/30/07 1:36 M

End at 3/30/07 1:36 PM

Whrieq = 37554

Wbritep = 39095

StopMinfut = 0

StoplalCut = 935

AddCut = 132

WbhrMaxSeq = 37584

I elay(sec) : 0.711
elay : 0:00:00.711

Close

Sequences generator can come up against inconsistencies of the system, or instantaneous loop (that's to say a series
of too many instantaneous transition)

User preferences

E%.Preferences

(3 Preferences
#-{1 Environment

4
K

Dysfunctional

SSAULT ey i ; ;
£ Tools bars g red Y Analysis & Simulation
- Edition

-] InputsfOutputs

B Sirmulator

B3 Plugins - PluginAction
-@ FaultTree generation (2B
-@ Temporel propagation

Sequences generation (generic) ...

Resume generation while I
Sequences generatio errors number is lesser than :

{1 Plugins - PluginStepper
H-{] Plugins - PluginTranslate

Update progress bar every n sequences |1000

1] i [ [*]:

User preferences allow sequences 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'.
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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'simportant to notice - in my view - that a system-FMEA hasto be done before every modeling. It enablesto identify
every constituent failure mode to take into account during modeling.

Thistool enables to respond to different needs.

It can be useful :

» To make base of an FMEA for system documentation.

» To validate system modeling by comparing this generation result to a preliminary FMEA.

» Tobethebase of reflection for breakdown diagnostic. Eventually, the objectiveisto find aminimal 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.

Overal principle of agorithm consistsin starting from an initial state and firing each model transition, and then display
every model variables.

FMEA generation help launching

The following dialog window enables to define FMEA generation parameters.

In order to launch FMEA generation, use the Help to FM EA generation command.

Help to FMEA generation ...

Result file

|E:1Pr0ject‘t8yste rrFMEA xml | Iil

Generation options

[] Events filter selection

[] States filter selection

[_] Flows filter selection

Only value changed variable

[] ¥SLT post processor

| Ok | | Cancel |

Result will be stored in atext file. The ... button linked to Result file displays afile chooser.
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Events to be taken into account during transition firing can befiltered. State or flow variablesto be displayed in result
can also befiltered. To do this, check corresponding box et enter pat t er n alowing to filter data.

Pat t er n isdefined thanks to Javaregular 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 pnents)
" di ag™' => 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 resultsin order to hide variables whose values are the same as
their values at initial state.

A post processing can be ask by ticking XSLT Post-processor. If this box if ticked, a XSLT style sheet and aresult
file must be specified.

If no important error appears during generation, style-sheet is applied on generated file, and the result of this post-
processing is stored in the specified result file.

When this window is correctly filled and validated, GenFM EA task is added to the task manager of BPA DAS. On
a standard system, this task shouldn't take along time.

Result of FMEA generation
If everything isall right, task ends without error.

Result fileislike:

<?xm version="1.0"?>
<f meagen>
<def i ne>
<param nanme="onl ychange" val ue="true" />
</ defi ne>
<resul t>

<tr id="6" evt="Bl.EA def">
<state nane="Bl. EA Def" va
</[tr>

<tr id="5" evt="Bl.Kb. def">
<state nane="Bl.Kb. Def" va
</[tr>

ue="true"/>

ue="true"/>

<tr id="3" evt="CCF_B">

<state nane="Bl.Kb. Def" value="true"/>
<state nane="Bl.Kh. Def" value="true"/>
<state nane="B2.Kb. Def" value="true"/>
<state nane="B2.Kh.Def" value="true"/>
<state nane="B3. Kb. Def" value="true"/>
<state nane="B3.Kh. Def" value="true"/>
</[tr>

</result>

<nodel >

entation="out">

<f | ow nanme="AU. St op" domai n="bool " or
<init value="fal se"/></fl ow>
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<f | ow name="B1. BNeg" donai n="KTest_Potentiel" orientation="in">
<init val ue="Neg"/></fl ow>

<state nane="AU. Def" domai n="bool ">
<init value="fal se"/></state>

<state nane="Bl. EA. Def" domai n="bool ">
<init value="fal se"/></state>

<event nanme="AU. def">
<l aw val ue="constant (1.0)" aralia="constant 1.0" nmoca="drc 0"/></event>
<event nane="Bl. EA def">
<l aw val ue="exponenti al (EALbd)" aral i a="exponenti al EALbd

"

noca="exp g..EALbd"/></event >

<par aneter nane="&apos; Bl. Kh. | bd&apos;" val ue="0.0010" aral i a="0.0010" noca="0.0010"/>
<par aneter nane="&apos; Bl. Kb. | bd&apos;" val ue="0.0010" aral i a="0.0010" noca="0.0010"/>

</ model >
</ f reagen>

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 informations about system flows, states and events implied in these resullts.

If data has been filtered, awindow displays data that have been taken into account for generation:

o B

l =] Info - Help to FMEA generation ...
[Help to FMEA generation ...

IList, of flows (filter) : pump -~
punp_Z.icone
pump_Z. commande
pump_ 2. £l
ACC, com_pump_1
ACC,com_pump_ 2
ACC.pump_or. 22
ACC.pump or.el
ACC.pump_or. s
pump_l.icone
punp_ 1. commande
pump_ 1. £1lux

Close

If XSLT post-processing has been selected, warnings and/or errors may appear. In this case, the following window
displays these informations:

l =] Info - Help to FMEA generation ..
elp to FMEA generation ...

LET trace :

5LT compile stylesheet [E:\Project) Systen\GenFMEATxtError.xsl]
rror! line 18: Tllegal attribute 'mtch'.

rroc(s) = 1 / Warning(s) = 0

Close
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Temporal propagation help

Temporal propagation help aims at synthesizing ordered transient values of flows consequences of component-
elementary-failure.

These changes of values are done through the use of deterministic event in models in order for the simulator to do
inventory of changed values at each step.

The rule used to order these transient values is based on the notion of rank. The rank is increased after each step of
the simulator.

Temporal propagation help launching

w[

In order to launch temporal propagation, use the Temporel propagation ... command.

The following dialog window enables to define temporal propagation parameters.

Temporel propagation ...

Result file

|E:1Pr0jecn8yste rmPropagate. xml | Iil

Generation options

[_] Ewents filter selection

[] States filter selection

[_] Flows filter selection

Only value changed variable

[] XSLT post processor

| Ok | | Cancel |

Result will be stored in atext file. The ... button linked to Result file displays afile chooser.

Eventsto be taken into account during transition firing can befiltered. State or flow variablesto be displayed in result
can also befiltered. To do this, check corresponding box et enter pat t er n alowing to filter data.

Pat t er n isdefined thanks to Javaregular 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 pnents)

Safety Designer - Appendix of User Guide - BPA SD9 Delivery 8 for VSR20GA
Do not reproduce, copy or use without a license from Dassault Systemes
© 2010. Dassault Systemes, All Rights Reserved 12



5
DASSAULT

SYSTEMES

" di ag™' => 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.

A post processing can be ask by ticking XSLT Post-processor. If this box if ticked, a XSLT style sheet and aresult

file must be specified.

If no important error appears during generation, style-sheet is applied on generated file, and the result of this post-
processing is stored in the specified result file.

In case of temporal propagation, the Only value changed variables check-box filtersresultsin order to hide variables
whose transient values have not changed compared to the value at initial state. This check-box must be selected.

When this window is correctly filled and validated, Propagate task is added to the task manager of BPA DAS. Ona
standard system, this task shouldn't take along time.

Result of temporal propagation
If everything isall right, task ends without error.

Result fileislike:

<?xm version="1.0"?>

<pr opagat egen>

<def i ne>
<param nane="sel ect.state" val ue="\s" />
<param name="onl ychange" val ue="true" />

<param nanme="1imt.delay" value="1.0" />
<param name="limt.rank" val ue="100" />
</ defi ne>
<resul t>

<tr 1d="9" evt="equ7.evt">

<rank idx="1" tinme="0.0" >
<flow nanme="equ2.b" value="true"/>
<flow nanme="equ3.a" value="true"/>
<flow nanme="equ7.a" value="true"/>
<flow nanme="equ7.b" value="true"/>
</ rank>

<rank idx="2" tinme="1.0" >
<flow name="equll.g" value="true"/>
<flow nanme="equ2.d" value="true"/>
<flow name="equ2. val ue="true"/ >
<flow name="equ3. val ue="true"/ >
<flow nanme="equ4. val ue="true"/>
<flow name="equ4. val ue="true"/ >
</ rank>

<rank idx="3" tinme="2.0" >
<flow name="equll.f" value="true"/>
<flow nanme="equl8.e" value="true"/>
<flow nanme="equ4.e" value="true"/>
<flow nanme="equ4.f" value="true"/>
</ rank>

<rank idx="4" tinme="3.0" >
<flow name="equll.h" value="true"/>
<flow name="equll.i" value="true"/>

oo oaQa
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<flow name="equl8.h" value="true"/>
</ rank>
<rank idx="5" tinme="4.0" >
</ rank>
</[tr>
</result>
<nmodel >
<fl ow name="equll. f" donai n="bool" orientation="in">
<init value="false"/></fl ow>
<fl ow nanme="equll. g" donai n="bool" orientation="in">
<init value="false"/></fl ow>
<fl ow name="equll. h" donai n="bool" orientation="in">
<init value="false"/></fl ow>
<fl ow name="equll.i" domai n="bool" orientation="out">
<init value="fal se"/></fl ow>

<event nanme="equ7.evt"></event>

</ model >
</ pr opagat egen>

It displaysfirst the parameters of the study.
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Then, for each event, it displays by rank the temporal value and a list of variables (whose value has changed) with

its value.

To end, it displaysinformations about system variables and events implied in these results.

User preferences

E%:Preferences

(3 Preferences : 2 -
-1 Environment i p L
: : o —
3 Deskion faid /

1 InputsiOutputs

{1 Simulator

-3 Plugins - PluginAction
L@ FauliTree generation (AB(
LW Temporel propagation ...
; -@ Seguences generation (g :
#-{1 Plugins - PluginStepper
-1 Plugins - PluginTranslate

Temporel propagation ...

Temporal propagation

Maximum delay for propagation

Maximum rank for propagation

‘4 Il |

Dysfunctional

===\ Analysis & Simulation

1.0 -

100 -

Some user preferences allows to configure the temporal propagation.

» Maximum delay for propagation allows to filter on deterministic events whose value is greater than this maximum

delay.

» Maximum rank for propagation prevents from infinite deterministic event firing.
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It is highly recommended to unchecked the option about raising exception when there is a conflict between
deterministic events. This exception is raised when there is no priority on these events when thereis a conflict. In our

study, these priorities are not necessary.

E:%.Preferences

(3 Preferences 2 = g
B Ervironment — .\ Dysfunctional
DDASSAULT ——— YJf
SVETEMES = Y ; :
==4 Analysis & Simulation

Java stepper [1]
B Simulator

-] Plugins - Plugindction
B3 Plugins - PluginStepper
i@

{1 Plugins - PluginTranslate

Stepper options

Take into account determinist sheduler [_]
Exception during conflict with determinist transition [_]

Maximum change number l:la
during one step of simulation
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Verification of sequences

Verification of sequences consistsin replaying results of sequences generation on the current model, in order to display
possible differences.

The function needs aresult of sequences generationin XML format (other formats are not managed).
Informations extracted from thisfile are:

* seguences to be played
* target of computation
* initia state of model

A simulation is launched on current model. This simulation is initialised with initial state found in file. Then, each

sequence of result fileis played. If thereis an issue during progress of sequence, an error message is displayed. When
asequence is entirely played, computation target must be verified. If it isnot verified, an error message is displayed.

Launch verification of sequences

A window is displayed, it enables to select file containing sequences to be verified. Oncefile is selected, a SeqVerif
task is added to task manager of BPA DAS.

In order to launch sequences checking, use Verification of sequences ... command.

Results of verification of sequences

If model is not compatible with result file, either in events linked to transitions of sequences, or at computaion target
level or at initial setup level, an error message is displayed and verification doesn't start.

o w” B

=1 Info - Sequences verify
Sequences verify

C

[|5ixParseException : Event 'pump 3.failure' unknow for model

1]

Close
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If some sequences have problems, an error message is displayed.

l = Info - Sequences verify
||Sequences verify

arget : EVT.no_control_fire. true
ndeternined transitions : Two or mwore transition labeled with ewent 'walve 2. failure' are walid at zawe time.
Current sequence :
house_2.fire

Eequences file : E:%ProjecthiystiFire.xml

wvalwe_ Z.failure

[Pndetermined transitions : Two or more transition labeled with event 'walwe l.failure' are walid at same time.
Current sequence :

house_l.fire

walwe_l.failure

Finally, if everything works fine, the trace window diplays the number of sequences that have been done.

l =] Info - Sequences verify
||Sequences wverify

- -
ll5ecuences £ile : E:%Project)Systi\Fire.xml =
Target @ EVT.no_control_fire.true

Wbrieq = 32
[Exror : 0
~|
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