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1 Introduction 

1.1 Purpose of document 

This document aims at introducing the methods designed within the framework of WP2, which is part the S2C project. 

Section 1 explains the organization of the document and refers to the documents used. 

Section 2 presents:  

- the operational scope and the decisions framing the context; 
- the challenges that each method shall consider in its own document; 
- the transversal commonalities between each document to avoid repetition. 

Section 3 gives an overview of designed methods and captures their level of independence, their interactions and 
associated foreseeable effects. 

1.2 Reference documents 

1.2.1 S2C reference documents 

 

Title Reference 

State of the Art of the S2C Project LIV-S085L01-001-V2, ISX-S2C-LIV-1001 

AIDA case study models, documentation LIV-S085L01-004-V1, ISX-S2C-LIV-1444 

Structural Scoped Review method LIV-S085L02-023-V2, ISX-S2C-DOC-436 

Behavioural Scoped Review method LIV- S085L02-024-V4, ISX-S2C-DOC-437 

Behavioural Cross Check method LIV- S085L02-025-V4, ISX-S2C-DOC-438 

Table 1: S2C reference documents 

1.2.2 External reference documents 

 

Title Reference 

MBSE/MBSA consistency. Activity report and synthesis (BIP from MOISE 
project) 

LIV-S-014-S2.21-61-457-V1 

Aerospace Recommended Practice - Guidelines For Development Of Civil 
Aircraft and Systems, Revision A, 2010 

ARP4754A 

Aerospace Recommended Practice - Guidelines and Methods for 
Conducting the Safety Assessment Process on Civil Airborne Systems and 
Equipment, 1996 

ARP4761 

Table 2: External reference documents 
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2 Context and objectives 

In the document SE and SA acronyms recurrently appear.  

It should be noted that SE is used to refer to System Engineer specialist and SA to Safety specialist.  

2.1 Needs related to consistency review method 

The needs captured along the development of this work about consistency are the following: 

#id  

#id-A To ensure MBSE and MBSA consistency, one shall formalize discrepancies between input models and 
identifiy which discrepancies can be considered as inconsistencies. As an example, SE and SA (when they 
decide to check consistency between their models) shall make a decision if whether or not a gap constitutes 
an inconsistency. 

#id-B Designed methods shall minimize modelling constraints with respect to input SE and SA models. As an 
example, designed methods shall not require too much change from SE or SA specialists’ habits when doing 
their models. Moreover, the possibly added constraints shall not jeopardize the compliance to normative 
requirements such as ARP4761 or ARP4754A. 

#id-C One can observe that SE and SA models do not share same purpose nor the same lifecycles which might 
cause introduction of inconsistencies. As a result, designed methods shall maintain consistency between 
models in a robust way and shall minimize induced costs throughout project life cycle. As an example, 
performing safety analysis takes some time. Safety specialist needs to refer to a stable version of the SE 
model until completion of this task. During that period of time, SE model might have changed. As SE and SA 
models do not aim at the same objective, each model will have its own set of dedicated artefacts (as an 
example, FC observers in SA models have no equivalent in SE models) that will introduce discrepancies. 

#id-D To be adopted by companies, designed methods shall propose ways to tailor them so that they could fit the 
user processes. As an example, designed methods could rely on company’s configuration management 
system, or be part of their review process, or rely on a dedicated Verification and validation process, etc. 

Table 3: Captured user needs 

2.2 Considered development phases and safety analyses 

As many members of the project are aeronautical companies, the to-be designed methods will focus only on the design 
phases of aeronautic system’s development. Ensuring SE and SA consistency during these development phases seems 
particularly relevant, as they consist in making the structuring architecture choices which have impacts on the safety 
objectives achievements. More precisely, it will consider the Preliminary System Safety Assessment (PSSA) against the 
SE architecture. Figure 1 shows the position of targeted activities within the ARP4754A safety assessment process, 
relatively to system development activities. 

Note: While the focus is on the PSSA, there is no major obstacle to its application to SSA analysis or CMA (for acronyms 
see §2.3 of ARP4761) or other ones but their models have to be given to be studied. 

 
Figure 1: PSSA safety activity scope from ARP4754A (extract of Figure 7, page 30) 
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2.5 Considered case study 

The single case study is used to assess the methods to ease reader's understanding through the benefit of reused 
knowledge. This case study is the AIDA (a Remotely Piloted Aircraft System - RPAS) presented in LIV-S085L01-004-V1, 
ISX-S2C-LIV-1444. Despite designed methods shall consider this case study, each one of them can optionally deviate 
from it regarding its specific needs. This case study was selected opportunistically because it has SE and SA models 
fulfilling expectations of Section 2.4. 

 

AIDA case study was originally created by the MOISE project. The starting version of this project is the 4.2 one (and its 
safety equivalent 4.2_Safety1), see LIV-S085L01-004-V1, ISX-S2C-LIV-1444 to get location of repositories. Consistency 
review records were made relying on Excel fomat. These steps were various iterations of the development (refer to LIV-
S-014-S2.21-61-457-V1 for more details). 

Version of models given in this document are labels in versioning system of the AIDA repository pointed by LIV-S085L01-
004-V1, ISX-S2C-LIV-1444. The Tool’s version used with each model is either given in a readme file committed with the 
model or can be get by opening the model with a textual file editor. 
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3 The designed methods 

3.1 Needs analysis 

3.1.1 Refinement 

User’s needs expressed in Section 2.1 are coarse grained so they have to be refined so that designed methods can trace 
them more accurately in order to establish compliance (or not). Here after the refinement: 

Need Constraints 

#id-A #id-d: Find discrepancies 

#id-e: 2 distinct inputs models. “Distinct” comes from Section 2.4 

#id-f: Keep track of status and rationale of each discrepancy 

#id-B #id-g: minimization on modelling constraint, best case for users is to have no constraints while it is the 
most complex case for the method. 

#id-j: minimization on change regarding specialists’ habits. 

#id-k: no impossibility to apply ARP4761 and ARP4754A.  

#id-C #id-l: minimization of effort to maintain final outputs and, indirectly, intermediary artefacts used by 
method to get final outputs 

#id-m: manage version of input models and, indirectly, versions of outputs and intermediary artefacts 

#id-D #id-n: method can be tailored by companies, side effect of this constraint it may decrease the method ability 
to detect discrepancies or decrease the confidence in results obtained 

#id-o: integration into company process. 

Table 4: User’s needs against considered constraints 

Other point , the needs expressed into Section 2.1 correspond to user concerns, i.e. they are defined by visible effects 
on their own activities. They do not reflect concerns related to consistency of models. 

The content of the models considered in Section 2.4 are usually classified in two categories: the structure and the 
behaviour. 

The proposed methods aims at ensuring the consistency between these two categories of model content. Moreover, 
the consistency will be limited to what is available in the input models.  

Note: While the SA has to describe the behaviour in its model to capture failure and their propagations, the SE can 
describe (or not) the behaviour of its system in its models. The SE’s behaviour considered in the project are of two 
kinds:  
- a formal form with model artefacts having semantic given by the authoring tool, 
- an informal form (free text via requirements allocated to model elements) that describes the behaviour of parts of 
the system. 
So the reader shall consider these two cases when seeking consistency between SE and SA model. 

The analysis of consistency shall consider two key parameters: 
- the perimeter where consistency is analysed. Perimeters considered are  

 “Scoped”: the perimeter of analysis is bounded to a defined subpart (i.e. a group of limited model's artefacts) 

 “End to end”: contrarily to the "Scoped" perimeter, the whole model (so all the model's artefacts) is considered 

- the mean used to detect discrepancies. Choices concerning the means are limited concerning the consistency either 
by using check against consistency rules or by using model execution to compare consistency. In both cases, a human 
review has to moderate and associate rationales to the detected discrepancies. Introductory clues are given via the 
Table 5 to corresponding overview sections of this document but more details are given in corresponding method 
document. 
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A summary can be found hereafter, where column headers recall notions discussed above and lines define combinations 
regarding columns: 

#id Category Perimeter Mean Discarded or not 

#id-1 Structural Scoped Check Structural Scope Review (SSR) see Section 3.2.1 

#id-2 Structural Scoped Execution Discarded 

#id-3 Structural End to end Check SSR 

#id-4 Structural End to end Execution Behavioral Cross Check (BCC) see Section 3.2.3 

#id-5 Behavioral Scoped Check Behavioral Scope Review (BSR) see Section 3.2.2 

#id-6 Behavioral Scoped Execution BSR 

#id-7 Behavioral End to end Check Discarded 

#id-8 Behavioral End to end Execution BCC 

Table 5: Considered and discarded combinations of tuple (Part, Perimeter and Mean) 

Not all of combinations make sense and not all can be considered during the lifetime of the project. The following are 
retained (#id-1, #id-3, #id-4, #id-5, #id-6 and #id-8) and the remaining ones are discarded with respect to the following 
considerations. 

#id-2 (like #id-4) relies on comparison of the execution paths between each model (i.e. control flows inside a scope). It 
is discarded relatively to #id-4 because we consider distinct models in section 2.4, so the control flow inside a scope will 
be meaningless because of the expected too many differences in the execution path. However structural control flow 
that are between scope may exist in both models as they are not implementation details and they can be observed (if 
needed). 

#id-7 is discarder because non-scoped behaviour analysis will be made non practicable as number of cases will grow 
exponentially. All possible behaviours (resulting from the cartesian product of each unitary behaviour composing the 
system) will be such a great value that checking each case will take a time longer than it is possible for project. 
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3.1.2 Refinement consequences 

#id-o induces the positioning of methods regarding company process. Here after a synopsis that positions the method 

against the more common processes that company may have: 

 
Figure 2: Illustration of the method against company’s environment 

Explanation of synopsis: 

 Purple clouds are processes that already exist in companies and used for the system development, 

 Rounded blue box is the perimeter considered of the method, so, what is out as to be considered as black 
boxes for the method, 

 Pipe is the method itself, 

 Orange arrows are known-relations between processes of company. They are not exhaustive here, they serve 
as reminder for the reader to point that the industrial processes are independently coupled from consistency method, 

 Dashed green arrows point that relation between existing processes and method may be optional. It depends 
on whether or not the company integrates the method or not (i.e. consider it as an internal optional/mandatory 
means) to its process of development, 

 Green arrows are constraints coming from / applied to established processes, 

 Black arrows are in and out data flows of the method, 

 Flip back arrow points that iterations notably on the artefacts made for and by the method should be 
considered. 

The Figure 2 shall face upon the Sections 2.1 and the Section 3.4. That is the aim of following table: 

Concerned drawing item Sections Explanation 

Black arrows inputs 

Black arrow status 

Black arrow inconsistencies 

Red flip back Arrow  

Green Arrow from Method perimeter 
to Problem Report 

Orange Arrow from Problem report 
method to SE&SA Modeling Processes. 

2.1, #id-A It is the core part of the method, taking input models, detecting 
discrepancies then deciding if it is an inconsistency or not. 

Green dashed arrow from Validation 
Process 

Orange Arrow between Validation Plan 
process and SE&SA Modelling 
Processes. 

2.1, #id-B 

3.4.1 

3.4.2 

3.4.4 

3.4.5 

3.4.6 

Minimization of impact on modelling model (2.1, #id-B) relies on the 
integration of designed methods in development and formation process of 
the company. 

If method is not integrated (3.4.5) then designed methods take the input 
models ‘as-is’ (modelling will not be constrained by other topics but not the 
one of consistency). 
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Green Arrow from SE&SA modelling 
processes 

3.4.10 If method is integrated then to reach consistencies objectives defines by 
plan (3.4.6, 3.4.2), method may have to impact the modelling method, e.g. 
by reducing orthogonality (3.4.10) or semantic distance (3.4.4 and 3.4.1). 

Flip back arrow 

Green Arrow from Planning process 

Green Arrow to SA assessment process 

 

2.1, #id-C 

3.4.4 

3.4.10 

The different lifecycle of domains is considered by the iterations leading to 
update the SA models when SE change. 

Costs, at the method level, are driven by work force (time and human 
resources) allocated by planning process for this activities. De risking 
inconsistencies detection may lead to constraint on SE&SA modelling e.g. 
reduction of orthogonality (3.4.10) or semantic distance (3.4.4) will foster 
efficiency of human resource, so, work force. But managing the change 
(due to iteration or not) is mainly carried by Problem Report Process and 
SE&SA modelling process (out of this scope). 

Costs, at system level, are the responsibility of SA assessment process. The 
method is a help to avoid useless assessment for modelling errors. 

Purple clouds  2.1, #id-D Method is surrounded by existing company process in the synopsis 

Table 6: Traceability with common Needs and Foreseeable implications 

Notes:  

3.4.3 is about tooling considerations so is out of scope here because we deals only with processes. 

3.4.7 is about activities done by domains that are based upon information not set into models so outside our scope of 

consistency between models. 

3.4.8 and 3.4.9 are about consideration of time and memory in models of SE and SA specialists. They are technical 

points on modeling that are outside the process here. 
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The #id-e and Table 5 drive the following abstracted situation: 

 

 

Figure 3: Illustration of starting situation 

Synopsis explanation: 

The triangle represents the structural decomposition considered by #id-1, #id-3, #id-4 from a top element (let us say 

the root) to smaller ones (let us say the leaves).  

The horizontal line divided in several segments separated by vertical lines intends to illustrate the difference between 

the granularity of models that each domain reaches regarding their needs as required by #id-g. The method should not 

to interfere with the design of models to minimize the constraints on them. De facto, this line will represent the 

abstraction level of each domain. 

The green segment is what we call a “delimited perimeter” that bounds the behavior to consider by #id-5, #id-6 while 

#id-8 will be the cumul of all delimited perimeters. Each segment (delimited or cumulated) has its own interface that 

may not exactly match its counterpart segment in the opposite domain because levels of abstraction may not the same. 

Furthermore, the behavior encapsulated in this segment is ruled by the language formalism used to explicit it. SE and 

SA specialist do not share a common technical language to express their needs. 

Note: there may be some situations where SA model is less abstract that SE model (i.e. SA considers a structural 

decomposition hypothesis that SE has not considered yet) but as we are at a functional level induced by Section 2.4, 

this situation is rarely met so it is discarded. In such a case the Figure 3 shall be represented as follow (drawing 

convention remains the same): 

 

Figure 4: abstraction line at different levels from other side (as reference) 
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The other part to consider is the nature of what the behavioral language expresses in the models. This fact relies on the 

objectives of the domains. The following synopsis summarizes it: 

 

Figure 5: Overlapping contents and positioning against development cycle 

In the synopsis a “V-cycle” is represented (green dashed lines) focused on what is available in SE and SA models against 

different moments of development. In the synopsis is also pointed what is common to SE and SA (red framed box) and 

what is not (orange frames box). The yellow frame box points the intertwining with other work packages of the project. 

Note 1: FM means Failure Mode that is the way in which the failure of an item occurs (ref. ARP4761). 

Note 2: SofI means State of Item. It is the internal state of the item considered which can be modified by the effects of 

triggering a FM. 

The SE model implements functional behaviors while SA model implements dysfunctional ones. That means: 

 SA model encompasses a “nominal behavior” (i.e. how system behaves when no failure occurs, here identified 

by SofI==OK) but also “Failure modes” (i.e. when defects occur in the function and how they affect output 

interfaces and inner states, here called SofI!=OK). 

 The SE model encompasses only the “nominal behavior”. However, that behavior handles also certain logics 

about detecting odd inputs to offer to customer a more robust system (like detecting oscillations/unavailable 

inputs, etc.). Some of them have a safety impact whilst others have not. In all cases, SE functions do not 

consider that they cannot do their works contrarily to SA functions. 

De facto, the potential observable discrepancies can only be done on the overlap of “nominal behaviors”. The counter 

example being: what can the method say about consistency for something that exists in one side but not in the other 

one like SA SofI!=OK which do not exist in SE side. However, any mechanism that detects and takes decision (that 

changes the system behavior) into the SE side shall be considered in SA model to be representative of the system. Less 

that, the SA assessment will discard behaviors that may protect against failure or lead to propagation of the failure. 

Another situation is, a too simplistic or conservative SA model by maximizing worst cases of propagation (because it is 

easier to model) while SE logic does not have this worst case, which leads to inadequate assessment, and the 

consequence will be to require more monitoring or architectural changes because SE logic is not fully considered. 

The known SA part about SofI!=OK, can only be handled by dedicated review between SE and SA specialists. The work 

package cannot help to solve this issue. The dedicated reviews can be done (opportunistically) during the SSR ones when 

structural scope is discussed because it does not depend on any execution of the model. It is only the SA that presents 

to the SE how he thinks initially (downward branch of ‘V cycle’) or how really it occurs (upward branch of ‘V cycle’) about 

how a function can fail. 
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Note: such reviews on FMs are done implicitly when SE reviews the Fault Trees from SA, because failure modes are the 

leaves of the trees. With MBSA in the loop, reviews on such points shall be done apart from model consistencies 

problem. 

The perimeter of action for this consistency method is de facto reduced to the model overlap on “nominal behaviors” 

for behavior methods in Table 5. 

Note: #id-e does not forbid that one model can be historically derived from the other (e.g. when populating for the first 

version). 

Conclusions: the following problems are faced 

- distinct objectives leading to a partial overlap of behaviors to compare, 

- distinct languages and formalisms leading to complexity to compare expressions of behaviors, 

- distinct interfaces due to distinct granularity leading to complexity to find common points of comparison. 

Despite previous conclusions, it exists different paths to detect discrepancies (#id-d) between two models from the 
previous situation of Figure 3. These paths are summed up as follows and contribute also to method modularity for 
companies (#id-n): 

Path-A Path-B Path-C 

   

Figure 6: Different solution path for the method 

Note: Each solution path take a similar convention as represented in Figure 3, so please refer to associated description 
for the meaning. 

Path-A and Path-B differ from Path-C because they need a maintained model at the same level of abstraction in both 
domains. That means, overall consistency relies upon two different consistencies: 

 The horizontal one (green arrow) between same layer of abstraction that includes same structural 
decomposition and input/output interface. It is an inter-model consistency. 

 A vertical one (red arrow), that binds in the same model (method and language), the finest-grained model and 
the coarsest grained model. For Path-A , the vertical consistency is descending and is relying upon the 
refinement method used to model the finest-grained one. For the Path-B vertical consistency is ascending and 
is relying upon the demonstration that all behaviors are maintained from one level to the other (invariance 
despite the refinement). Both paths are an intra-model consistency (one is upward and the other downward). 

Path-C is direct by hiding the intermediate works but has a cost to pay in handling the explicit transformations in 
structure and interface between levels of abstraction to identify behavior discrepancies if any. 

Conclusion: 

Due to #id-g and #id-j, the first two paths have to be discarded, as they require either one specialist or the other one to 
change their habits, and to maintain and refine models while they are not their targeted model. However, if SE and/or 
SA modelling methods consider already different abstraction levels that are refined successively, Path-A and Path-B are 
preferable to the Path-C and will nicely integrate company processes as required by #id-o. For companies that consider 
mono models for each domain, #id-o is also applicable (with Path-C) because it occurs after modelling activities. In any 
case, models are done regarding ARP4761 and ARP4754A and the method does not affect this fact #id-k. 
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3.2 Synopsis and overview of methods 

Previous sections can be summed-up by the following “half-polygon” representation, where side of each half represent 
dimension of the proble. Some of the dimension are immutable (left half) other are mutable, so explorative (right part). 

Dimensions denomination are coloured (blue, green, cyan, purple, magenta, orange, brown, pink) and possible values 
are described under. 

Straight line are values considered in the dimension by the project. 

Figure 7: Synopsys of designed methods: frozen dimension and explorative ones 

Each method can be used independently from the others or can be coupled with one or both of the others (see Section 
3.3). See here after : 

 
Figure 8: Synopsys of interactions between methods 
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Each method (half polygon’s right part) explore particular dimensions regarding requirements (see Table 5). 

 

   
Figure 9: Designed methods against explorative dimensions (Left:SSR; Middle:BSR, Right: BCC) 
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3.2.1 Overview of SSR 

This method focuses on the consistency between structures of both input models, so the behaviour part is excluded. 

This means that this method aims at reconciling a structural subset of elements of a first model with another structural 
subset of elements of a second model. 

So SSR can be seen as a comparison of model scopes (grouped artefacts) that were linked together because they are 
considered to be representing consistent structures in both SE and SA models. 

 
Figure 10: Synopsys of SSR method 

Explanation of synopsis: 

Each thick box represents a model (let’s say SE at the bottom and SA at the top) 

Each red dotted region represent a partition (a.k.a scope) of the domain model. 

Each partition represents a group of model’s artefact supposedly consistent with opposite domain partition. 

Purple or green arrows represent the IO between model’s artefacts. IO that cross partition boundaries are 
called interface of the partition. 

Red arrows represent the links between partitions. 

As a result of the review, some partitions might not have equivalent structures in the opposite model. 

More details are available on document LIV-S085L02-023-V2, ISX-S2C-DOC-436. 

 

The method specifies that: 

- there is no overlap between partitions (otherwise some artefacts will belong to several scopes at the same time), 
- both models are fully partitioned and all partitions are either linked or identified as orphans (group of structural 
artefacts that have no consistent structure group in the opposite model), 
- the partitioning consistency regarding relationships of artefacts in the models. As an example, if two partitions are 
interfaced in a model of a domain, the linked partitions in the opposite model are also interfaced. 

- each partition and linkage is justified and recorded to explain the choice made by the specialist so that these choices 
can be reviewed by other domain specialists to ensure that model artefact inside partitions are consistent with their 
counter parts. 
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3.2.2 Overview of BSR 

The method focuses on the consistency between behaviour whose perimeters are delimited in both input models. 

This means that this method aims to associate partitions containing scoped-defined behaviours on SE and SA model 
sides. 

So the global behaviour in one domain is partitioned into pieces linked to another partition in the opposite domain. It 
is similar to SSR but applied to the behaviour. A behavioural partition rely on how the authoring tool bound it. 

For example in case you behaviour rely on a decomposition, a behavioural partition can be one leaf, or a group of leaves, 
or a group of leaves plus some of its contiguous hierarchical ancestors (if they also carry behaviour). This partitioning is 
not required to be as strict as the one of SSR on structural objects of model; if there is overlap (behaviours encompassed 
by N partitions), it is only sub optimal for processing time as you will consider (N-1) times the same behaviour when 
applying the BSR method. 

 
Figure 11: Synopsys of BSR method 

Explanation of synopsis: 

Each thick box represents a model (let us say SE at the bottom and SA at the top). 

Red dotted region represents a partition containing behaviours. 

Purple and green arrows represent the interfaces (Ins and outs) of the regions that means a behaviour 
consumes and produces flows with their range. 

Red arrow links the beaviour based upon the region. 

More details are available on document LIV- S085L02-024-V4, ISX-S2C-DOC-437, but principles are the following: 

  
Figure 12: BSR method details 

It shall be noticed that cyan and purple transformations are what SA specialist does in its minds when he models 
interfaces and types, while green (resp.) pink transformations are functional (resp. dysfunction) transfert functions. 

 

Any behaviour found in a model shall be reviewed against its counter-part. Orphan behaviours (the ones that only exist 
in a model, saying SE or SA) shall be justified. It is similar when SE reviews the SA fault trees: SE reviewer tries to 
determine if the behaviour it knows modelled consistently the trees it analyses. This method is meant to be systematic 
and exhaustive, two properties that are generally not achieved while FTA are reviewed (traceability between behaviours 
from SE and FTA is not usually performed). 
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3.2.3 Overview BCC 

This method focuses on the consistency between behaviours, like BSR, but not on a limited perimeter. 

This means that the models are executed on the whole and both models with an dedicated purpose agreed by both SE 
and SA specialists. Dedicated purposed is defined by :  
- from a common and agreed initial situation observed, 
- till a common agreed final situation observed, 
- via common and agreed intermediated situations observed. 

While running (from initial to final situation), observations are made and recorded in both executed models. If the 
recorded observations match the previous agreed ones between SE and SA specialists (when they defined the dedicated 
purpose) then the underneath behaviour is said consistent otherwise rationale and justifications shall be provided to 
deal with observed discrepancies. 

 
Figure 13: Synopsys of BCC method for a dedicated purpose only 

Explanation of synopsys: 

Each thick box represents a model (let’s say SE at the bottom and SA at the top), 

Purple and green arrows represent ins and outs of the modelled system. 

Thick red lines represents the internal behaviour path followed due to the givens ins. 

Dotted lines are cross observations done during the models are executed. As stated in Table 5 observations are 
on data flows (#id-8) or control flow (#id-4) of models. Here arrows represent any of the both type. 

More details are available on document LIV- S085L02-025-V4, ISX-S2C-DOC-438. 

 

Note: each run will increase consistency so if many different runs are done and stated, consistency will result from them. 
It is a quite similar method to the one of the re-alignment method (between aircraft and models on closed-loop bench 
for example) applied for performance in aeronautics during IVVQ process (Verification, Integration, Validation, 
Qualification). One difference is that readjustment is made between a priori models (used during the early conception 
phase) against the real aircraft (during its flight tests). Observations recorded on real aircraft are compared to the ones 
run on ground with simulation. Discrepancies are analysed and recorded and may lead to update models or corrections 
on the embedded systems in cause.  
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3.3 Independency or Interaction between methods 

As induced by Figure 8, each method can be applied on its own or can be informed by the results of previous method 
outcomes. 

The choice between one or another method or a conjunction of several ones is dependent on the specific project 
context: the phase of development, the capabilities of its authoring tools, etc. and which consistency objectives are 
targeted, i.e. if it is to compensate certain flaws of internal process , systematic methods like SSR or BSR are overkill. 

The SSR does not depend on other methods but can be initiated by partitioning done with other method. This is a 
candidate for early development phases where the models only contain the structural representation of the system. 
The use of BSR or BCC can follow later on. 

As BSR requires a scope of behaviour, if SSR is used previously, it would benefit from it and possibly be more efficient. 
Otherwise this method will have to define its own scopes before evaluating the behaviour. If an alternative method to 
SSR is used (as a strict mapping between SE and SA structure, or using a populating gateway from SE to SA), the BSR will 
still be usable. 

BCC can take advantages of BSR and SSR because it can use the interfaces between partitions done with these methods 
to help the definition of its observations for each dedicated run context. Similar to BSR against SSR, if no previous 
method is used before BCC , it is up to it to define these observations to be reconciled. 

3.4 Deductible Implications 

3.4.1 Impact on freedom during modelling 

The choices made in Section 2.4 to consider distinct models may (or may not) jeopardize the applicability of BSR and 
BCC methods. This risk does not occur because of the existence of distinct and independent models but because of the 
many variations, it authorises within each model. All possible variations (and their de facto possible interleaves) may 
have a significant impact at the end of process when trying to conciliate the behaviours together. 

Insufficient of commonalities between models blurs the boundary between SE and SA partitions despite the fact that 
each one models the same system. The lack of commonalities between models makes hard the identification of 
discrepancies that are essential. 

The earlier the blurriness is handled and the better consistency can be reached without costing too much effort. 

3.4.2 Exhaustiveness 

SSR and BSR could be full covering regarding models perimeter. Thanks to the partitions used, the enumerated 
possibilities induced by each method can be also humanly manageable. 

For BCC, only a given quantity of dedicated run contexts can be exercised, so a limited quantity of combined behaviours 
can be evaluated. Brute-force, Top-Down or bottom (like IVVQ) or Monte-Carlo strategy of testing will increase this 
quantity but will not prove an absolute coverage. 

Note: if selected scope for BSR is too large (lets’ say the delimited scope includes each model’s root), this can lead to an 
unmanageable quantity of behaviours, i.e. we are facing the same problem as BCC.  

3.4.3 Tooling and skills 

Scoped methods like SSR and BSR require tools to keep consistent all the scopes together. This means that what is done 
locally for one scope shall not infringe with what is done locally for another scope. Authoring rules underneath models 
help partially for this, by ensuring that the model’s artefacts inside a scope are present only once. But as both methods 
define partitions, this uniqueness becomes out of the previous rules. So complementary checkers about partitioning 
shall exist because the quantity of artefacts is humanly error prone and is less valuable than the human analysis of 
discrepancies that may results. 

BCC requires less tooling as it is « end to end » and a scenario can be handle by hand (like for system/product 
development with Verification and Validation skills [VnV] development phase). But intrinsic capabilities of tools are 
useful (like execution semantic of models or like stimulation of variables’ value during a run without any operational 
instrumentation, etc.). 

Note: as noted in Section 3.2.3, the increase of dedicated running contexts (to improve consistency between models) 
may require tools to manage the quantity of process/method artefacts induced by the dedicated running contexts. 



PROJECT CONFIDENTIAL 

IRT Saint Exupéry LIV-S085L02-007 

IRT SystemX ISX-S2C-LIV-1037 

Version: V6 

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS, 
Samares Engineering, DGA, ONERA, SupMeca and MBDA. 

Licence Creative Commons Attribution-ShareAlike 4.0 International (CC BY-SA 4.0)  24 / 27 

 

3.4.4 Semantic distance between models 

SSR cannot detect semantic inconsistency (except if meta data are used to characterize the models artefacts for 
consistency) so SSR will rely on the human review to ensure the content of defined partitions are semantically 
consistent. For example, what will be the meaning to set in the same partition a data flow with a control flow? Idem 
with a value and its validity? 

BCC relies entirely on the agreement that SE and SA specialists when they define the dedicated running context. i.e. 
conjointly specialists choose this SE observations are semantically consistent with that SA observation. 

BSR relies on the transfer functions (between SE and SA interfaces and between SE and SA values) that shall be made 
explicit to ensure the consistency of behaviours. 

3.4.5 Optionality 

An induced fact from #id-D of section 2.1 is: the methods are optional, no one is forced to apply them in its process if 
they do not match its objective. So these designed methods shall be considered like tools in a toolbox to help achieving 
some degree of confidence on the consistency. But they are not a brain-dead solution, they have to be weighted 
regarding the context of their usage. 

3.4.6 Consistency degree 

Consistency cannot be measured directly (it is the same question as measuring happiness). We only have clues on it 
against different scales of measurement. With SSR and BSR, we use the scale of full coverage with no partition 
overlapping while with BCC we use the scale of quantity of dedicated run contexts. 

Despite these scales of measurement, it shall be kept in mind that measurable quantities (the previous ones) are 
undoubtedly possible but the problem is only moved because the intangible quantity that the consistency concept 
represent is not projectable on those scales. Nevertheless, it is our faith that having different measurements will 
improve de facto our confidence in the non-measurable quantity. 

3.4.7 Distinction between consistency between models and consistency between domains 

The document deals with consistency between models, not between SE and SA specialties. That means it exists 
specialities’ works outside the models that checks or reviews cannot access (as a reminder, a model is a simplification 
of the real system so “all things” are not represented in the model, only the one that are useful for certain analysis 
objectives). 

So methods shall indicate if there are activities done for model’s consistency or for domain’s consistency. E.g. when a 
SE read a FTA, he analyses “failure modes” but those modes are not part of its specification. SE considers in its model 
fault that are detectable in a sound states of its system (via validities computations for example). So conciliating failure 
mode lacks in its handled objects but he checks them, nevertheless, while reading FTA. This part is not an MBSExMBSA 
consistency, it is an activity for SExSA consistency. 

3.4.8 Temporality 

The consideration of time rely on the language underneath each authoring tools: for example CAPELLA can specify time 
but not behaviour, CAMEO can do both, SIMFIA has no timed ALTARICA underneath so no transient effect are 
observable only converged states. 

So designed method are impact regarding temporality. SSR is less concerned as it is focused on structure.  

BCC is impacted as during the agreement on dedicated purpose run SE and SA specialist shall consider that observation 
on one side (Let’s SA with no time ALTARICA) cannot capture transient observations while the SE model can do. Such 
situation leads to reduce the amount of observation that be made. 

BSR is impacted because a partition having internal mechanism using time (i.e. internal time out event) leads to different 
memory state see Section 3.4.9. 
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3.4.9 Memorisation states 

SRR is not impacted by internal state of partitions has it is only on the structural model’s elements. 

BSR is impacted because if memory state of the partition is not finite (or more realistically with an not humanly 
manageable amount of states it cannot be usable 

BCC is less impacted because if observation depend of a memory state that means it is up to the dedicated context to 
set the state such as the observation can be done. i.e. pre-required actions before shall be done before starting the 
observations for consistency. 

3.4.10 Orthogonality of models 

Models used as inputs to the methods cannot be completely orthogonal as they represent the same system (but from 
different analysis perspectives) so overlap shall exist between them see Figure 5. 

If the models are completely orthogonal, they cannot be conciliated, as, what exists in one does not exist in the other. 

4 Observations emerging from PoC 

This paragraph aims to collect observations done during assessment of designed methods regarding the a priori topics 
evocated in Section 3.4. 

Section Observations 

3.4.1 It is the main pain point that reduces efficiency in the confidence of the 3 methods because lot of 
methodological efforts are due to the handling of the freedom let, initially, to each speciality. 

Gains about confidence in consistency can be foreseen by using a GATEWAY to transform structures 
and IO of SE model into a structure and IO for SA (so each domain keeps in own model). Via this 
GATEWAY, it seems possible to solve the difference on abstraction granularity between the two jobs. 
This can lead to a new alternative of Figure 6 (that we can call Path D) here after, where an abstraction 
level of SE is transformed in an abstraction level of SA, so consistency is proven at this level. Then, the 
refinement (SE or SA), from agreed level become a model methodology issue to ensure. This means 
that a lower refinement in a model shall be proven against its higher level, but proofs between level 
remains in the same specialty’s model and not a direct proof between specialties like the 3 methods 
done. 

 

The dysfunctional behaviour, despite, remains to be filled by SA teams as they do. 

The difficulty will be for SA to pass from, doing manually their own boxes and arrows (to get the 
abstracted level they need), to configuring a GATEWAY that will produce the abstracted needed. 

Such GATEWAY needs to have some QoS like preserving apart the dysfunctional AR code to grant 
easy/detectable means over MBSE’s iterations on structure and IO. Other QoS will be against the way 
IO are grouped and quantified in SA domain against the SE origins (RETEX of BSR). 

3.4.2 As expected, BCC cannot handle the exhaustiveness as it is test-driven. Exhaustiveness is not checked 
for BSR as only a subpart of model was challenged during the PoCs. So only SSR ensure exhaustiveness. 

3.4.3 Tooling and skill was underestimated during the PoC of each methods. Undoubtedly, to handle the 
variations (induced by model and associated authoring method), tools with QoS are not optional but 
required to gain efficiency and avoid loss of confidence due to great amount of manual actions. 

SSR GUI, SIMFIA NEO table of truth for BSR or GATEWAY proposition (see 2 cells above) are example of 
these needs despite they are mock-up only. 
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3.4.4 As expected (for BSR and BCC), semantic is the more tedious topic to improve consistency. 

It is clear that only formal and tooled approach can reduce the gap between semantics to gain 
confidence. SSR and BSR method are not enough-formal as they rely on review. BCC is fundamentally 
deficient as only a specific part of model is tested during a scenario. 

3.4.5 The optionality of method regarding each other is relative because SSR’s tasks are disguised in BCC and 
BSR. This is unavoidable as consistency relies on interfaces (CL flow for SSR, inputs and outputs 
transformation for BSR or associative table for BCC) 

3.4.6 The confidence degree for SSR is obtained by the full covering of model while BCC degree is obtained 
by having many scenarios, BSR degree of confidence is obtained by the comparison of tables over the 
scope they are based upon. 

3.4.7 Some part of the consistency cannot be solve by model-based approach. For example, mitigation 
procedure at upper level are not often (to say never) part of lower MBSE model. However, during 
criticism of SE’s architecture by SA assessment, MBSE encroaches SA perimeter as it includes 
monitoring or like SA-barrier. Both previous example can be summarized by following drawing where, 
purple dot region is the encroach of SE in “SA world” and void region in rounded orange square are the 
not modelled information’s that exist in “SA world”. 

 

3.4.8 As it is known, time is not part of SA model as they consider only stable state only (i.e. an event leads 
from one stable state to another in simulation). However, this reveals that safety assessment use 
other models (like performance one) to fully assess worst cases. This part was not considered initially 
but shall be also concerned by the inter speciality consistency. 

It shall be noticed that, MOISE project from IRT Saint-Exupéry initiated a formal ALTARICA time 
approach that may reduce the need of other model to prove consistency with. 

3.4.9 SSR is clearly discarded because it focuses on structure and IO. PoC on BSR reveals that thrust table 
with state is not simple contrarily to logical equation (only used). The SIMFIA NEO feature could be 
benefit from dealing with the states. BCC is the only that can handle state as it play scenarios because 
previous actions set the state of the system and may change observation regarding this state. 

3.4.10 Orthogonality between models was detected by SSR (CLINK with cardinality 0 in one side). PoC of BSR, 
show that maximisation where detected for the perimeter considered (maximisations are not really 
orthogonality but a deviance). BCC show orthogonality but many of them are induced by the difference 
of ‘how model are executed’ (some step are required while other not, traced with N/A). 
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