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Ensemble de cas-tests en sûreté de fonctionnement des systèmes SYNTHESE Ce document regroupe les énoncés de nombreux cas-tests. La majorité d'entre eux est issue de l’activité « cas-test » du groupe de recherche méthodologique de l’Institut de Sûreté de Fonctionnement (ISdF), et a été actualisée. D’autres sont ici proposés indépendamment ou pour la première fois, tels que MMR2004, et DEMO_ENG. Tous ces cas-tests ont été choisis afin d’évaluer et de comparer l’efficacité de différents couples méthode/outil possibles. Une présentation détaillée de chaque cas-test est donnée, comprenant une description la plus exhaustive possible du cas et la liste des indicateurs de performance (tels que fiabilité, disponibilité, production cumulée…) à calculer. Les cas-tests décrits dans ce document sont les suivants (pour certains, plusieurs variantes sont définies) : • NASTREE Ce cas considère un arbre de défaillances simple où interviennent cinq composants sous différentes portes. Ce sont les hypothèses de maintenance des composants qui rendent le cas difficile à traiter. • RESCOM Il s’agit de l’étude d’un réseau de télécommunication à la géométrie variable. Ce cas-test est intéressant à deux titres : il permet de poser de manière simple la problématique de certains systèmes bouclés et sa taille variable permet de mesurer la résistance des outils à l'explosion combinatoire. • DEMO_ENG Ce petit système d’alimentation électrique réparable est caractérisé par ses différents niveaux de redondance, permettant de nombreuses reconfigurations en cas de défaillance de la ligne principale. • MINIPLANT : Système composé de plusieurs sous-systèmes fonctionnant en série/parallèle et à différents niveaux de capacité. Il permet d’évaluer la capacité des outils à faire des calculs de performances pour un système avec des états dégradés, en régime transitoire et en régime asymptotique. • MMR2004 Installation fonctionnant en deux phases, avec une reconfiguration (qui peut réussir ou échouer) au moment du changement de phase. La mission est réussie si le système fonctionne selon les spécifications propres à chaque phase, et ce, jusqu'à la fin de la deuxième. La difficulté de ce cas test tient au fait que les composants actifs sont les mêmes dans les deux phases, ce qui nécessite un modèle global pour prendre en compte les dépendances entre phases. NB : afin de prévoir la possibilité d'ajout de variantes pour les cas-tests qui n'en possèdent pas pour l'instant, la définition initiale d'un cas-test est toujours implicitement associée au numéro de variante 1.
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Set of test-cases in the field of system dependability assessment EXECUTIVE SUMMARY This document gathers the statements of many test-cases. The majority of them comes from the test-cases activity of the “Methodological research working group” of the French Institute for Dependability and Safety (ISdF), and were brought up to date. Others are proposed here independently or for the first time, such as MINIPLANT, MMR2004, and DEMO_ENG. All these test-cases were selected in order to evaluate and compare the effectiveness of various possible methods and tools. A detailed presentation of each test-case is given, including an as exhaustive as possible description of the case and the list of performance indicators (reliability, availability, total production in a given time interval...) to be calculated. The test-cases treated in this document are the following (for some of them, several variants are defined): • NASTREE This case considers a simple fault-tree, where five components occur under various gates. The maintenance policy of the components makes the case difficult to solve. • RESCOM It is about the study of a telecommunications network with a topology of an adjustable size. The interest of this test case is two fold: it tackles the problems encountered with meshed systems, and it allows to find the limits of the tools due to combinatorial explosion. • DEMO_ENG This small repairable power system is characterized by its various levels of redundancy, allowing many configurations in the event of failure of the principal line. • MINIPLANT: System made up of several subsystems functioning in series/parallel and with different levels of capacity. It makes it possible to evaluate the ability of tools to calculate time-dependent and steady-state performances for a system with degraded states. • MMR2004 The described system must function in two phases with a reconfiguration at the phase change. The mission is successful if the system works according to the specified configuration for each phase, until the end of the second phase. The difficulty of this case lies in the dependence created between the two phases by the fact that the same components are used in both phases: therefore, a global dynamic model is required. NB : in order to allow the addition of variants for test-cases which do not have any at the moment, the initial definition of a test-case is always implicitly associated to variant 1.
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1. Introduction This document gathers the definition of several test-cases in the field of system dependability assessment and some references of articles dealing with those test-cases. Each test-case proposes an original problem, corresponding to a reduced version of an industrial case whose resolution presents some particular difficulty. The studied test-cases approach reality as much as possible. The statements arise in various forms: in a formal way thanks to a tree, a net... or, on the contrary, in a nonformal way using a text or an installation diagram, which explains the problem to be solved. Most of them have been initially proposed in the test-cases activity of the “Methodological research working group” of the French Institute for Dependability and Safety (ISdF). And one can find various resolution techniques in the ISdF activity reports. The objective of this document is to give the reader an easy way to test and compare the methods and the tools at his (her) disposal in order to better evaluate their performances and their limits (accuracy, computation time…). In particular, the reader may be interested in the set of results we obtained on these test cases with the latest generation of the tools (KB3, FIGSEQ, YAMS…) developed at EDF R&D. These results are available in a second volume, associated to this one. All the cases have been first modelled with the KB3 Platform (version 3) with several knowledge bases, then exported from KB3 to different tools in order to be computed. In order to simplify the exploration of the test-cases and their results, we have summarised the main information about each test-case in standard forms. A synopsis table has been filled with headings as the name, the author, the submission date... and a general description, results to obtain and hypotheses. A similar table exists for the resolution of the case, with the name of the computation author, used model, information about tools… All these tables lay in Appendix of the referent volume. In this first volume, one can only find the whole statement of the test-cases and the references of articles dealing with them. A synopsis table is available for each test-case statement at the end of the document, in the Appendix.
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2. Test-cases descriptions Many of the test-cases are updated from the workgroup of the French Institute for Dependability and Safety (ISdF). We present in this part only the full statements, as the members of the ISdF defined them. The two cases MMR2004 and DEMO_ENG weren’t proposed by that group. However we present them in the same form as the other cases, without adding hypothesis to those of the authors. If some specifications have to be added for computation, they will be defined in the resolution, Volume 2. This is to preserve the generality of the cases. Indeed, they are developed to improve the different available tools, and two different tools never have exactly the same application field. For each test-case, a complete description is proposed, followed by the list of references we have found about it.



2.1 NASTREE This case considers a simple fault-tree. However the hypothesis are complex. Some components can fail on demand, others cannot, and some components are repairable, others are not. The maintenance policy of repairable components is not the same for all of them.



2.1.1 Statement The considered model only includes five independent components. It can be summed up by the following fault tree and the description of the components. Two versions of NASTREE have been considered: only the maintenance policy changes from the first version of the test-case to the second.



Figure 1: Fault tree of test-case NASTREE NASTREE_1 In the version 1 of NASTREE, we consider that the components are either non-repairable or repaired as soon as they fail. A value µ = 0 indicates a non-repairable component. All the rates, which are assumed to be constant, are shown in the next table. Table 1: Failure and repair rates of NASTREE components component γ λ (h-1) µ (h-1)



A 1.0e-1 1.2e-5 2.5e-2



B 4.8e-4 2.8e-3 2.5e-2



C



D



1.0e-5 0



1.0e-5 0



E 5.0e-2 1.0e-3 2.5e-2
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γ represents the initial unavailability of the component, what we called the on-demand failure. That means the probability that the component is down at time t=0. NASTREE_2 In NASTREE version 2, the components A, B and E can fail with the same rates as in version 1 of the testcase (see Table 1), but they are repaired only after being periodically tested and their failure being detected. The checking policy depends on the components: - A is tested each 60 hours. The first test occurs at t=0+. Each test is 1 hour long, and during it A is unavailable. - B is tested each 70 hours. The first test occurs at t=5. Each test is 2 hours long, and B remains available while it is checked. - The test-dates of component E follow a Poisson-process, with parameter 0.03/hour. Each test is 3 hours long, and E stays in available state. - C and D, like in NASTREE_1 are non-repairable, and thus aren’t checked. Note that the intervals between tests (60 hours for component A and 70 hours for B) are the times between starts of two consecutive tests. Expected results The mean time to failure (MTTF), the mean up time (MUT) and also the mean down time (MDT) are expected. Unreliability, unavailability, failure rates and importance of components (with regards to unavailability) can also be computed.



2.1.2 References M. EID, M. BOUISSOU, Evaluation comparée des possibilités des codes de calcul de fiabilité Systeme (CEA), GSI et PHAMISS (EDF), Rapport du CEA DEMT 89/270, SERMA/LEPP/89/1109, septembre 1989. Institut de Sûreté de Fonctionnement, Rapport de synthèse « cas test », Projet n°15/92, 1994, Vol. 1-2.
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2.2 RESCOM This case is a fictitious telecommunication network with a regular topology of adjustable size. According to specific conditions, the availability of the communication between the source and the target of the network is exactly 0.5, whatever its size. This case does not use an usual reliability model, however its statement is formal.



2.2.1 Statement The network mission is to establish a communication between the source node and the target node (in blue on Figure 2). The other nodes of the network, which are represented in grey, are organized in N rows and N-1 columns. All the links are bi-directional. N is therefore the (only) size parameter of the network.



target



source



Figure 2: RESCOM, network structure (N=4) What makes this case interesting, although its shape is not so real, is the theoretical result obtained in particular conditions: When all the nodes are supposed to be perfect (availability equal to 1), and all the links have an availability of 0.5, the availability of the whole network (N lines and N-1 columns) is exactly equal to 0.5, whatever the value of N. Remark that the network availability is the probability of existence of a path from source to target, with all its links well-functioning. Variants Starting from the above description, 4 variants of the test-case have been defined, in order to test various aspects of tools, like fault-tree generation capabilities in case of looped and not looped topologies, MonteCarlo acceleration techniques when the failure probabilities are very small, etc. Here is the definition of the four variants. -



Version 1: all nodes are perfect, all links are bi-directional and have an availability of 0.5. This is the theoretical version, to check easily the accuracy of results obtained with tools.
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Version 2: the Source and the Target are considered as perfect nodes1, all the other nodes have constant failure and repair rates, all the links are bi-directional and have constant failure and repair rates. This is the most general (and hard to solve) version. Here are the values of failure and repair rates for the two types of components: -6



λnodes = 10 /h -5 λlinks = 10 /h



-2



µnodes = 10 /h -1 µlinks = 10 /h



-



Version 3: to avoid the difficulty of looped systems, this version simplifies at maximum the case, considering that all links are mono-directional. Horizontal links are oriented from left to right; vertical links are oriented downwards in odd columns, and upwards in even columns. The hypothesis about failure and repair rates are the same as in version 2. Version 3 constitutes a simple way to generate fault-trees with so many repeated events that even the most powerful fault-tree processing tools are unable to process them.



-



Version 4: all the hypothesis are the same as in version 3, except that vertical links are bi-directional (horizontal links are still oriented from left to right). This introduces local loops, which can be solved without combinatorial explosion by a smart fault-tree generation algorithm.



Expected results For version 1, the expected result is the availability: the tested tools should find 0.5, whatever the value of N. The performance of the tested tool is measured by the computation resources required to get the result for a given value of N, or by the maximum value of N for which the tool could find the result. For versions 2 to 4, the expected results are the unavailability and unreliability at times 1, 10, 100, 1000, 10000 hours. Hints Another interesting result is the number of minimal cutsets order by order. As far as we know, the only tools able to give such results for N greater than 3 or 4 are BDD (Binary Decision Diagrams) based tools. Unfortunately, the impressive results obtained by such tools are due to the regularity of the network topology. The size of irregular networks that can be processed with BDD is much smaller. On the contrary, methods which perform well on irregular topologies, are much less effective on RESCOM.



2.2.2 References A. RAUZY, A new methodology to handle Boolean models with loops. IEEE Transactions on Reliability, 52(1):96-105, 2003. Institut de Sûreté de Fonctionnement, Rapport de synthèse « cas test », Projet n°15/92, 1994, Vol. 1-2.



1



This makes a big difference with the previous statement of this test-case, in which all nodes could fail. But in that case, an excellent approximation of the network failure probability could be obtained just considering it as a series system made of the source and target nodes: that was too easy !
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2.3 DEMO_ENG Here is a test-case showing a simple electrical system. The reliability and availability study of this system requires a dynamic model (in fact, a Markov graph, since all times to failure and times to repair are exponentially distributed) because it presents two levels of standby redundancies and is repairable. Building the Markov graph by hand is impossible because even a simplified model would include thousands of states. So the main difficulty of this test case lies in the modelling.



2.3.1 Statement In the electrical system, depicted in Figure 3, BUSBAR is powered by the GRID through line 1 in normal conditions. The circuit breakers of the line 1, CB_up_1 and CD_dw_1, are thus closed. In case of a failure on this line, CB_dw_2 is expected to close (but it may fail to do so), in order to keep BUSBAR powered. Whenever both lines 1 and 2 are unavailable for any reason (it can be just because of the failure of GRID), the diesel generator is expected to function. To put it into function, it is necessary to close CB_dies and start up the diesel generator: both of these operations can fail. GRID



CB_up_1



CB_up_2 Diesel generator



Transfo1



Transfo2



CB_dw_1



CB_dw_2



CB_dies



BUSBAR



Figure 3: DEMO_ENG, a simple electrical system with cascade redundancies When a failure occurs on a line, we consider that the line is de-energized, what annihilates the risk of additional failures on this line. As soon as a failure occurs on a component, the repair of this component starts (there is no limitation of repair resources). As soon as a component is repaired, the system is reconfigured in order to use line 1 rather than line 2, and line 2 rather than the diesel generator. Again such a change in configuration implies opening and closing of some circuit breakers. The failure and repair rates, and on-demand failure probabilities are in the following table: Table 2: DEMO_ENG, reliability parameters λ 10-4.h-1



µ 10-1.h-1



γ 10-3



Expected results Considering that the undesirable event is the total loss of power on BUSBAR, the expected results are unavailability and unreliability at 1, 10, 100, and 10000 hours, asymptotic unavailability, and MTTF. The most probable sequences leading to the undesirable event are also required.



2.3.2 References BOUISSOU M., BON J.L., A new formalism that combines advantages of fault trees and Markov models: Boolean logic driven Markov processes, Reliability Engineering and System Safety (2003), p.149-163
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2.4 MINIPLANT The aim of this case is to test the ability of software tools to calculate time-dependent and steady-state performance measures for a system which can operate at various capacity levels.



2.4.1 Statement The system is an aggregation of elementary and nested sub-systems: a basic component (A), a parallel subsystem and a k out of n sub-system. The parallel sub-system consists of four components: C1, C2, D1 et D2. C2 is a standby redundancy for C1: it is supposed to function only when C1 is down. D1 and D2 are redundant and both operating. The k out of n sub-system consists of eight identical components (E1, E2, ..., E7, E8) and it operates if at least six out of eight components are operating. We give two definitions not to be ambiguous: - Reliability block diagram - Capacity diagram Reliability block diagram Each component has two possible states, up and down, except for C2, which has three states: standby (in this state, no failure is possible), up and down.



Figure 4: Reliability block diagram Mention that C2 is assumed not to be subject to failure on demand. Therefore considering C2 as operating instead of in standby is a good approximation, which can be used if it is impossible to solve the problem exactly as defined. Capacity diagram The parallel sub-system consists of two 40-percent-capacity components: C1, C2 and two 30-percentcapacity components: D1, D2. The k out of n sub-system consists of eight identical 15-percent-capacity components (E1, E2, ..., E7, E8). An X-percent-capacity operating component allows X percent of the plant nominal flow to transit when it works and 0 percent when it is failed. For parallel sub-systems, we add capacities but if there is more than 100 percent, the capacity is limited to 100 percent. Moreover, for the 6 out of 8 sub-system, if the sum of capacities is below 90 percent, the sub-system is considered to be out of order and therefore its global capacity is 0. The 6 out of 8 sub-system is the only one for which such a threshold exists. For a set of serial sub-systems, the global capacity is the minimum of individual capacities.
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Figure 5: Capacity diagram Maintenance policy and reliability database Two maintenance policies are considered, and for each of them, two sets of reliability parameters will be used. Therefore, there will be 4 versions of the problem to solve. In versions 1 and 2, we assume that there is no limitation of the repairmen number: as soon as a component fails, its repair process can start. In versions 3 and 4, it is assumed that there is only one repairman for each of the following components sets: {A}, {C1, C2, D1, D2}, {E1, E2, E3, E4, E5, E6, E7, E8}. Each repairman repairs the components he is in charge of in the chronological order of their failures (FIFO policy). The following table gives the MTTF, the MTTR and the capacity of each component for versions 1 and 3. All times before failure and before repair are exponentially distributed. Table 3: Reliability database Components A C1, C2 D1, D2 E1, E2, ..., E8



MTTF (hours) 50 000 10 000 1 000 5 000



MTTR (hours) 200 500 10 100



Capacity (%) 100 40 30 15



In versions 2 and 4 (the purpose of these versions is to check the robustness of approximations), the data is the same, except that all MTTRs are multiplied by 10. Expected results The complete resolution of the benchmark consists in doing the following four times (for each of the four versions defined): - compute the reliability and unavailability of the subsystems {A}, {C1, C2}, {D1, D2} and {E1, E2, …, E8}, using the usual definitions, based on the reliability block diagram given above at times t=8760h and t=100000 h. - give the list of all the possible values for the global system capacity, with their steady state probabilities. This will be done according to the capacity diagram given in Figure 5. This is in fact the main point in this benchmark. - give the list of minimal cut-sets (of the reliability block diagram) with their steady-state probabilities, - give any kind of importance measure the software is able to calculate for steady state.
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2.4.2 References BOUISSOU M., Enoncé complet du cas-test MINIPLANT, compte-rendu de la réunion du groupe « Recherche Méthodologique » de l’ISDF, 06/05/1999. SIGNORET J.P., cas-test MINIPLANT – calculs approchés, compte-rendu de la réunion du 06/05/1999 du groupe « Recherche Méthodologique » de l’ISDF. CHABOT J.L., DUTUIT Y., RAUZY A., SIGNORET J.P., MINIPLANT, un cas pédagogique de sûreté de fonctionnement, 12th conference for reliability and maintainability, lµ12, Montpellier, mars 2000 BOUISSOU M., Deux méthodes originales pour calculer les performances d’un système possédant des états de fonctionnement dégradé, 12th conference for reliability and maintainability, lµ12, Montpellier, mars 2000. BOUISSOU M., POURRET O., A Bayesian belief network based method for performance evaluation and troubleshooting of multi-state systems, International Journal of Reliability, Quality and Safety Engineering, Vol.10, No. 4 ( December 2003) p.407-416.
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2.5 MMR2004 The described system must function in two phases with a reconfiguration at the phase change. The mission is successful if the system works according to the specified configuration for each phase, until the end of the second phase. The difficulty of this case lies in the dependence created between the two phases by the fact that the same components are used in both phases: therefore, a global dynamic model is required.



2.5.1 Statement The system is a hypothetical example of a phased mission system as shown in Figure 6. The system consists of two main components A and B, and five switches (K1, K2, …, K5) that are used for protection or reconfiguration functions. All components are assumed to be non-repairable. The different possible configurations over the two consecutive phases (with random durations T1 and T2 ) are described hereafter. We first remind what is a phased mission to clarify the framework of the case. Phased mission A phased mission is a task, to be performed by a system, during the execution of which the system itself, or the success criterion is altered at specified times (deterministic or random). Thus, during a phased mission, time periods (phases) occur in which either the system configuration, the system failure characteristics, or both, are distinct from those of any immediately succeeding phase. Phased mission techniques are required for proper analysis of problems when switching procedures are carried out or equipment is reassembled into new systems at predetermined times.



Figure 6: System structure of the test-case MMR2004 Phase 1 T1 is exponentially distributed with a mean value equal to E {T1 } = 1/λ1 = 100 hours. Switches K1, K2, K3, and K4 are normally closed. Switch K5 is normally open. Components A and B work in parallel. Their (constant) failure rate is λA = λB = λ = 1.10-4 h-1. A failure of A or B is considered as a short-circuit between the input and output of the component. Some reconfigurations are possible depending on the occurrences: - In case of failure of one component, some switches (K2 and K4 on a failure of A, K1 and K3 on a failure of B) must be opened, in order to avoid short circuit of the system, with a probability of failure on demand equal to γ = 5.10-3. - Inadvertent opening of switches can also occur, with a failure rate λS = λ = 1.10-4 h-1. Phase 2 T2 is exponentially distributed with a mean value equal to E{T2 } = 1/λ2 = 50 hours. At the beginning of phase 2, positions of some switches are changed to enable the two active components to work in series. More precisely: in the nominal procedure, K1 and K4 are open, then K5 is closed (operations must be done in this order to avoid creating a short-circuit). But some alterations due to unwanted opening of K1 or K4 during phase 1 may occur. You may notice that if component A or B has failed during phase 1, the system cannot be used on the second phase. In this case, the system mission fails when phases change.
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Variants Variant 1 is described above. Variant 2 is the same as Variant 1 except that the durations of the phases are deterministic. In this variant, T1 = 100 hours, and T2 = 50 hours. Expected results The main result to obtain is the probability of mission failure (i.e. the probability that a failure occurs before the end of phase 2). The sequences leading respectively to mission failure and mission success are to be listed, with their probabilities. Hints An important quantitative phased mission analysis problem is to calculate exactly or obtain bounds for mission unreliability, where mission unreliability is defined as the probability that the system fails to function successfully in at least one phase. Estimating the mission reliability by the product of the reliabilities of the phases usually results in an appreciable over-prediction in system reliability, since basic events are shared among the logic models for the various phases. Therefore, the present test case requires a global model for the two phases.



2.5.2 References BOUISSOU M., DUTUIT Y., Reliability analysis of a dynamic phased mission system, proceedings of MMR 2004 conference, Santa Fe, June 2004. BOUISSOU M., BON J. L., A new formalism that combines advantages of fault trees and Markov models: Boolean logic driven Markov processes, Reliability Engineering and System Safety, 82: 2 (2003), p.149 – 164.
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Conclusion We have given in this document a set of test-cases, with varied characteristics, which tackle many of the modelling or processing problems encountered in the dependability study of real size, industrial systems: • • • • • • •



Complex maintenance policies (NASTREE), Small failure probabilities (RESCOM, DEMO_ENG) Systems with many possible production levels (MINIPLANT) Combinatorial explosion (RESCOM) Looped topology (RESCOM) Phased mission (MMR2004) Reconfigurable systems, with strong dependencies between components (DEMO_ENG, MINIPLANT, MMR2004)



However all those test-cases are small or simple enough to be solved with nowadays powerful modelling tools2 in times ranging from a few minutes to a few hours. They can also be solved with many different methods, such as: Markov analysis, fault-tree computation, Monte-Carlo simulation, and even manual calculations for some of them ! However, much remains to be done: we would like to extend this set of test cases with new ones, dealing for example with: - Bayesian inference, - Uncertainty in reliability data, - Periodically tested emergency systems, - Aging systems, - Common cause failures, - Dynamic reliability We also would like to extend the scope of the test-cases by going further than the simple dependability analysis. Here are a few ideas: - resource allocation and optimization, - logistic support, - system structure or component choice optimization



2



like the KB3 workbench developed by EDF R&D, as we show in a second volume associated to this one.
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A. APPENDIX: SYNOPSIS STATEMENT TABLES All the test-cases described in the present documents are summarised in standard forms in order to simplify their exploitation. The main information have been gathered on the same table. However these summarised information are not exhaustive, and we advise the reader to refer to the relevant paragraph for a global and full description of the test-case. The explanations of the different headings are as follows:



TEST-CASE DESCRIPTION Version of the case



Name of the case, and its version Test-cases can evolve (additional hypothesis, new value of data…)



NAME OF THE TEST CASE



Usual name of the test-case



NATURE OF STATEMENT



Formal: the model allowing the resolution is precisely defined, with a clear and unambiguous mathematical transposition. Informal: the problem is defined using natural language and therefore may contain ambiguities or incomplete hypothesis.



TEST CASE AUTHOR



Name, company, address and e-mail address of the person having proposed the test-case.



DATE OF 1st SUBMISSION



Date of the first presentation of the test-case.



TECHNICAL FIELD



it specifies the sector of application (nuclear, oil, automobile industries...)



INITIAL MODEL



Suggested model to solve the test-case (if the statement is formal)



MOTIVATIONS



Objective of this test-case (evaluation of a software performance, of a theoretical characteristic,...)



CHARACTERISTICS



Significant elements of the test-case (redundancy, dependence, complexity of calculation...)



EXPECTED RESULTS



Nature of the results (probabilities, time, number of configurations...)



STATEMENT



Presents the test-case in a brief way.



ORIGIN OF THE NEW VERSION



Elements justifying the creation of new versions



REMARKS



Other useful information
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Version of the case NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION TECHNICAL FIELD INITIAL MODEL MOTIVATIONS CHARACTERISTICS EXPECTED RESULTS



STATEMENT



ORIGIN OF THE NEW VERSION REMARKS



TEST-CASE DESCRIPTION
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TEST-CASE DESCRIPTION FORM



NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION TECHNICAL FIELD INITIAL MODEL MOTIVATIONS CHARACTERISTICS EXPECTED RESULTS



STATEMENT



NASTREE version 1 Formal EID M. Commissariat à l'Energie Atomique DEN DM2S SERMA Tel : 33169083175 [email protected] 24 April 1990



Fault tree Test the ability of different software tools basic events are repeated in the model the leaves represent components repairable or non-repairable MTTF, MUT, MDT Unreliability, unavailability, failure rates and importance of components (in unavailability) Components are independent and the system is summed up by the following fault tree.



Components C and D are non-repairable. Components A, B and E are repaired as soon as they fail. component



γ



λ (h-1) µ (h-1)



A 1.0e-1



B 4.8e-4



C



D



E 5.0e-2



1.2e-5 2.5e-2



2.8e-3 2.5e-2



1.0e-5 0



1.0e-5 0



1.0e-3 2.5e-2



γ represents the initial unavailability, i.e. the probability the component is down at time t=0 ORIGIN OF THE NEW VERSION REMARKS



Importance of component (for unavailability) = P(system failure AND component failure) / P(system failure)



EDF R&D Département MRI



Set of test-cases in the field of system dependability assessment



NASTREE_2



HT-52/04/028/A Page 22/26



TEST-CASE DESCRIPTION FORM



NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION TECHNICAL FIELD INITIAL MODEL MOTIVATIONS CHARACTERISTICS EXPECTED RESULTS



STATEMENT



NASTREE version 2 Informal BOUISSOU M. EDF R&D al 1 av. du G de Gaulle 92141 Clamart France [email protected] 24 April 1990



Fault tree Test the ability of different software tools basic events are repeated in the model the leaves represent components repairable or non-repairable MTTF, MUT, MDT Unreliability, unavailability, failure rates and importance of components (in unavailability) The system is exactly the same as in NASTREE_1 test-case. Only the maintenance policy is changed. A, B and E have the same rates, but their failure is detected only after they have been tested: + A is tested each 60 hours. The first test occurs at t=0 . Each test is 1 hour long, and during it A is unavailable. B is tested each 70 hours. The first test occurs at t=5. Each test is 2 hours long, and B stays available during it is checked. The test-dates of component E follow a Poisson-process, with parameter 0.03/hour. Each test is 3 hours long, and E stays available. Components C and D, still non-repairable, are not checked.



ORIGIN OF THE NEW VERSION REMARKS



Importance of component (for unavailability) = P(system failure AND component failure) / P(system failure)
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TEST-CASE DESCRIPTION FORM



NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION



RESCOM Formal BOUISSOU M. EDF R&D al 1 av. du G de Gaulle 92141 Clamart France [email protected] th 16 September 1993



TECHNICAL FIELD INITIAL MODEL



telecommunications network network topology



MOTIVATIONS CHARACTERISTICS



Define a formal test-case without using a classical reliability model Variable geometry with a size parameter allowing to control the complexity The unavailability is exactly 0.5



EXPECTED RESULTS STATEMENT



The following telecommunication network has N lines and N-1 columns. All the links are bi-directional.



source



target



Find the theoretical unavailability of the network with all nodes supposed to be perfect (availability = 1) and links with an availability of 0.5.



ORIGIN OF THE NEW VERSION REMARKS



Refer to the detailed definition for variants 2, 3, and 4.
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TEST-CASE DESCRIPTION



NAME OF THE TEST-CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION TECHNICAL FIELD INITIAL MODEL MOTIVATIONS CHARACTERISTICS EXPECTED RESULTS



STATEMENT



DEMO_ENG Informal BOUISSOU M. EDF R&D al 1av. du G de Gaulle 92141 Clamart France [email protected] November 2003



Power installation



Repairable system Two level of standby redundancies Unreliability, unavailability MTTF sequences leading to failure state The system consists in BUSBAR, normally powered by the GRID through line 1 (CB_up_1, Transfo1, CB_dw_1). In case of failure in line 1, line 2 is connected. In case of failure of line 2, the diesel generator starts. GRID



CB_up_1



CB_up_2 Diesel generator



Transfo1



Transfo2



CB_dw_1



CB_dw_2



CB_dies



BUSBAR



The system is entirely repairable and as soon as a line is repaired, one attempts to configure the system in its normal position. -4 -1 -1 -1 -3 The reliability rates are λ=10 .h , µ=10 .h , and γ=10 as the ondemand failure rate. ORIGIN OF THE NEW VERSION REMARKS



BOUISSOU M., BON J.L., A new formalism that combines advantages of fault trees and Markov models : Boolean logic driven Markov processes, Reliability Engineering and System Safety (2003), p.149-163
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TEST-CASE DESCRIPTION



NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHOR



st



DATE OF 1 SUBMISSION



MINIPLANT Formal BOUISSOU M. EDF R&D al 1 av. du G de Gaulle 92141 Clamart France [email protected] rd 3 September 1998



TECHNICAL FIELD INITIAL MODEL



Production system



MOTIVATIONS



Test the ability of software tools to calculate time-dependant and steady state performance measures for a system which can operate at various capacity levels



CHARACTERISTICS EXPECTED RESULTS



STATEMENT



List of the possible values for the global system capacity, with their steady state probabilities Unavailability, reliability, steady state availability of the subsystems List of minimal cut-sets with their steady state probabilities The system has components with various production capacities and a kout-of-n structure (see capacity diagram)



4 classes of components: different production capacities for each class, exponentially distributed failure and repair times, no maintenance resource limitations (Versions 1 and 2) or for given groups of components (Versions 3 and 4) ORIGIN OF THE NEW VERSION REMARKS
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TEST-CASE DESCRIPTION FORM



NAME OF THE TEST CASE NATURE OF STATEMENT TEST CASE AUTHORS



st



DATE OF 1 SUBMISSION



MMR2004 Informal BOUISSOU M. EDF R&D al 1 av. du G de Gaulle 92141 Clamart France [email protected] April 2004



DUTUIT Y Université de Bordeaux 1/LAP 341 cours de la Libération 33405 Talence France [email protected]



TECHNICAL FIELD INITIAL MODEL



Production system Boolean logic Driven Markov Process (BDMP) Petri Nets



MOTIVATIONS



Comparison of the ability of different formalisms to model and assess a multi-phased system Dynamic phased mission system Computation of the system reliability over the whole mission time Identification of the sequences leading to the mission failure (resp. success)



CHARACTERISTICS EXPECTED RESULTS



STATEMENT



The system consists in 2 non-repairable components A and B, and 5 switches K1, K2,… K5



2 phases follow one another Phase 1: T1 is exponentially distributed (100h) K1, K2, K3, K4 are normally closed K5 is open -4 -1 A and B work in parallel (λ=10 h ) -3 If A (or B) fails, K2 and K4 (K1 and K3) must be open (γ=5.10 ) -4 -1 Possible inadvertent opening of switches can occur (λs=10 h ) Phase 2: T2 is exponentially distributed (100h) At the beginning of phase 2, switches’ position are changed to enable the 2 active components to work in series (first K1 and K4, then K5) If A or B fails during phase 1, the system cannot be used on the second phase. ORIGIN OF THE NEW VERSION



Variant 2 : the phases have a deterministic duration.



REMARKS



BOUISSOU M., DUTUIT Y., Reliability analysis of a dynamic phased mission system, proceedings of MMR 2004 conference, Santa Fe, June 2004
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