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Abstract

The increasing complexity of technical aeronautical systems requires novel and consistent
methods to manage a wide range of dependencies and disciplines. Model-based systems
engineering addresses this need by providing a systematic, model-based approach to
support development, analysis, and validation within a systemic context. This paper
presents the strategy behind HADES, an abstract modelling framework that enables a
well-structured and generic description of complex systems. The system information is
clearly defined in a hierarchical structure and supported by the use of various viewpoints
that consistently integrate different systemic aspects. HADES extends the classic RFLP
viewpoints with an operational view. In addition, system safety is methodically embedded
in the model-based development process from the initial stages as a key aspect. HADES
thus supports a traceable development strategy for aeronautical systems according to
SAE ARP4754B.

Keywords: architecture; framework; MBSA; MBSE; RFLP; safety; system; viewpoint

1. Introduction and State of the Art

The development of complex technical systems is a constantly growing challenge due
to increasing systemic complexity [1] (p. 4). To address this, traditional document-based
systems engineering (SE) has been adapted to a model-based systems engineering (MBSE)
approach. MBSE represents an extension of the SE process, enabling the representation,
analysis, and management of complex systems through abstract models [2]. This approach
offers clear communication, reduced errors, and optimized consistency of information
across different disciplines. A standardized and rule-based modelling language, such as
the Systems Modelling Language (SysML), is required for implementation.

SysML is a notation-based and graphical language published in 2007 by the Object
Management Group [3] (p. xvii, p. 13). The basic idea is to define information as specific
elements and place them in associated diagrams where their relationships are determined.
A common example of a modelling approach is the SysMod methodology, which offers
a pragmatic approach to modelling complex systems on the basis of SysML [4]. Other
approaches, such as SPES [1] and MagicGrid [5], provide a clear focus on cross-domain
interfaces and relationships of abstract system information. These approaches, including
SysML, are widely supported by commercial and open-source MBSE (2024) software
solutions, such as the CAMEO Systems Modeler 2024 (CSM) from Dassault Systemes.
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The general boundary conditions of a potential standardized framework for the
methodology of abstract system modelling and its fundamental content are defined by
ISO/IEC/IEEE 24641 [6]. Based on the given guidelines, individual modelling approaches
can be developed and used as an independent or supplementary method. The user-oriented
application of the individual methods can be carried out using a wide range of commercial
and open-source MBSE software solutions.

The development process defined in this work focuses on a complete modelling ap-
proach to satisfy the development process of aeronautical systems in accordance with SAE
ARP4754B [7] as fully traceable abstract system model. The decomposition of complex
systemic relationships is carried out using a level- and viewpoint-based approach sup-
ported by artificial intelligence (AI). The resulting abstract views of the holistic system
are implemented using a specially developed metamodel that is strongly inspired by the
basic features of SysML. The direct application takes place via a modelling framework for
software-supported Hierarchical Architecture Design for Engineering Systems (HADES).
This is designed as a plug-in for the commercial MBSE tool, CSM.

2. The HADES Process
2.1. A Concept of System Decomposing

The methodological basis for HADES is the international standard ISO/IEC/IEEE
15288 [8], which defines the general system life cycle process of technical systems, as well as
SAE ARP4754B [7], the development guideline of civil aeronautical systems. In its current
stage of development, HADES focuses on the initial system conception and the iterative
detailing of the System of Interest (Sol) to be developed. For this purpose, a corresponding
approach of continuous hierarchical abstraction is established by inductive elaboration of
subordinate system levels with increasing information content.

The resulting system architecture offers a high degree of consistency and traceability
of information for the holistic system model. In addition to the hierarchical system struc-
ture, HADES works with a targeted categorization, into specific views and viewpoints
in accordance with ISO/IEC/IEEE 42010 [9] (pp. 9-12), for advanced structuring of the
information. The viewpoints describe which aspect or which particular part of the over-
all system architecture is focused on. Depending on this, the view for a specific system
within the hierarchical structure provides all the systemic information contained in this
intersection. A schematic representation of the views and viewpoints for a generic system
hierarchy is shown in Figure 1.

The classic RFLP approach is extended by HADES so that the following viewpoints
are provided for structuring the information:

Operations Viewpoint (OpsVP; O);
Requirements Viewpoint (ReqVP; R);
Functional Viewpoint (FctVP; F);

Logical Viewpoint (LogVP; L);
Physical Viewpoint (PhyVP; P);
e  Safety Viewpoint (SafVP; S).

The extended ORFLPS approach of HADES was developed to transfer the process
defined in SAE ARP4754B [7] (p. 21) for the development of aeronautical systems into a
structured MBSE method. What distinguishes this approach is its comprehensive mapping

of the entire ARP4754 process—f{rom requirements definition and system development
to system safety assessments—within a consistent and traceable model framework. Op-
erational aspects of the system are taken into account from the outset for each abstracted
system level and are adapted individually. In addition, system safety is not treated as a
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secondary systemic requirement, but is integrated holistically into the modelling strategy
and analysis from the earliest stages as a fundamental point of view.

l Viewpoints
Leve Sol
OpsVP Safvp
System
Lo Context
L1 Product
System 1 PR
L2 System 2 {
specific view
Subsystem 1.1
L3 | Subsystem 1.2 Requirements according
table 1 for system 2 at
abstractation level 2
Unit 1.1.1
L??? Unit 1.1.2

Figure 1. HADES-Matrix to structure the decomposed system information according the hierarchical
system structure based on [8] (pp. 11-14) and a viewpoint categorization as per [9] (pp. 9-12).

2.2. Methodology of ORFLPS

To develop the Sol, the ORFLPS viewpoints are passed through sequentially, starting
with the OpsVP. The information obtained in the specific view requires an extended scope
of information for the surrounding views of the considered systemic hierarchy level. Fur-
thermore, the detailed procedure for the level-specific abstraction of systemic information
is defined in detail for each viewpoint and its interrelations are explained.

The Operations Viewpoint (OpsVP; O) takes an operational view of the Sol. The starting
point is the fundamental expectations of stakeholders regarding the system to be developed.
According to [10] (p. 49), these are recorded in the form of needs, which define the basic
mission statements. By working out specific expectations of the Sol, the needs are further
detailed and several goals are derived. By expanding the goals with quantitative information
and entry conditions, specific objectives are defined for the previously unknown system. The
relations between the items of initial knowledge acquisition at the corresponding abstraction
level (system level) of the Sol are shown in Figure 2.

Based on these initial stakeholder expectations, potential actors of the Sol are worked
out. The known stakeholders can usually be defined directly as actors themselves or in ab-
stracted instances. Other actors can usually be found indirectly in the form of operationally
relevant environmental influences, externally interacting third-party systems, and their
software interfaces or binding regulations. A level-specific system context is defined from
the combination of all essential actors.

In addition, specific sets of use cases are derived from the combination of potential
stakeholders and the developed goals. The use cases define the expected application of the
Sol as a primary system service for one or a combination of several actors. With the help of
quantitative information and specific operating conditions (objectives), individual scenarios
are derived from each use case, which further represent specific static operating states of
the Sol. Finally, the previously defined objectives are converted into specific stakeholder or
top-level requirements. For this purpose, a specific system is assigned to the objective and
corresponding obligations (e.g., “should/shall” statement) are added.

The Requirements Viewpoint (ReqVP; R) is used for the structured storage of all
requirements related to the Sol. Each abstraction level or hierarchical link from the overall
system (product) to subsystems to component or unit level has its own ReqVP in accordance
with the HADES-Matrix depicted in Figure 1. The stakeholder requirements of the Sol, as
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well as the system’s internal functional interactions and interfaces with the logical or physi-
cal subsystems, are categorized into main and sub types based on the recommendations of
SAE ARP4754B [7] (pp. 42—44). Table 1 provides an overview of the main and sub types for
requirements contained in HADES.

specifies [1]

> [
tem
stakeholder | actor —p | 5¥
_J designates [1...*] describes [1] context
initiate [1...%]
V¥ expresses [1...%] use case > state

is performed in [1...*]

i describes [1] _L—b—/ describes [1]

need —— goal — object —p——| requirement

is refined into [1...¥] is refined into [1...%] is refined into [1...%]

Information in / used by: pir:;s:s ReqVP - OpsVP LogVP -

Figure 2. Process deliverables, interactions, and functional relationships of the OpsVP.

Table 1. Requirements categorization of HADES according to SAE ARP4754B [7].

Main Type Operational Functional Physical & Installation
e  Maintenance e  Performance e Load & Strength
e  Customer e Interface e Design Properties
e  Certification e  Customer e Interface
Sub Type Syst'em Safety e  Certification e  Maintenance
Derived e System Safety e  Customer
e  Derived o  Certification

e  System Safety

e Derived

The information contained in the ReqVP is derived from the analyses and processes
of the other VPs or serves as input for them to enable further decomposition of the Sol.
To facilitate the allocation and traceability of the requirements with the system-specific
information objects of other VPs, HADES provides various tools for targeted allocation of
requirements with use cases, functions, and system blocks.

The internal functionality of the system is shown in the Functional Viewpoint (FctVP;
F). Basic information for the functional analysis is provided by the previously defined use
cases of the OpsVP. The information of the FctVP thus describes which internal system
functions and processes are required to enable the externally oriented service (use case) of
the system for its actors. For a more precise description of the function and its performance,
the associated requirements of the ReqVP are used, which must be satisfied by the function
to be defined. It is necessary to derive additional requirements from the resulting func-
tional aspects (Table 1) and interrelations of the system model. This ensures a meaningful
deduction of the system into a deeper level of abstraction.

The Logical Viewpoint (LogVP; L) is used for the logical-abstract description of the
Sol. As shown in Figure 3, purely systemic relationships are defined in the form of interface
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information between the system objects. The information required for this is provided by
the ReqVP and FctVP. Furthermore, from this step in the system modelling, the Sol can
be named for the first time and no longer exists as a black box. Based on the information
already obtained from the Sol, the functions defined in the FctVP can be allocated directly to
a system element. This also enables the indirect satisfaction of the use cases and subdivided
operating scenarios of the OpsVP by an associated system within the defined system
context. Additional requirements of the type “Physical and Installation” (Table 1) can be
derived if necessary.

requirement use case system context
*fullﬁlls [1] is embedded in [1]+
satisfies [1...%] function < system  |—
. allocates [1...%]
defines [1...*]
has [1...%]
interacts over [1...*]
| interface

Information in / used by: ReqVP . FctVP . LogVP . PhyVP .

Figure 3. Process deliverables, interactions, and functional relationships of the LogVP.

The Physical Viewpoint (PhyVP; P) serves to refine the abstract system model from
the purely logical view of the LogVP into a physical, technically realizable solution. The
previously defined logical architecture of the Sol thus provides the basis for the develop-
ment of the physical view. This is supported by additional requirements that describe the
topological and morphological shape of the logical system object in more detail and define
interfaces by means of precise input and output values.

The Safety Viewpoint (SafVP; S) is used to perform an integrated MBSA (model-based
safety assessment) approach to analyze the system safety as a result of the model-based
system architectures developed in the previous VPs. To enable this, the HADES-extension
called OSIRIS (Operational Safety and Integrated RIsk analysis; [11]) was developed, which
can support various safety methods as well as the complex integration and interaction of the
ORFLPS-VPs. The basis is formed by the methods for system safety analysis provided by
ARP4761A [12] (pp. 18-19) and in combination with the application process in the context
of system development in accordance with ARP4754B [7] (p. 32). At the time of publication,
the implementation in the MBSE/MBSA environment of HADES and OSIRIS supports
the Functional Hazard Assessment (FHA) [13] (pp. 37-47) as described in detail by [11].
This provides information on potential failure cases of the Sol, as well as their effects on
various higher-level actors (e.g., aircraft, crew, occupants in case of aeronautical systems).
The required input for the FHA is provided by the functions of the FctVP, the operating
scenarios of the OpsVP, and the associated requirements of the ReqVP for the respective self-
contained abstraction level. Alternatively, HADES can incorporate additional information
on the associated system object of the LogVP as well as logical and functional interface
information on neighbouring function and system objects into the safety analysis. The
inputs are analyzed and individual failure cases of the FHA are created using Al support,
as shown in Figure 4.
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provides [1...*]
>
architecture ECE) ek
function state requirement system
is fed back . - .
A [1...2] *IS evaluated by [1] is included in [1]
external
user —p—— —p— prompt
enables gaiaie enrich data
use of [1...*] of [1]
is evaluated by [1] requests [1] is sent
> to [1]
| |
safety object < failure case < LLM
— results in [1] generates [1...¥]
N . process LLM
Information in / used by: G0 ReqVP . SafVP related

Figure 4. Process deliverables, interactions, and functional relationships of the SafVP including LLM
support according to [11].

The data is interpreted by a Large Language Model (LLM) and the results are gen-
erated in the form of several potential failure conditions, including their classification in
accordance with CS-25.1309 [14] (p. 866). The user has the option to evaluate the generated
results, incorporating changes and adopting selected failure conditions as a new safety ob-
ject in the SafVP of the system model. The linking and traceability of the failure conditions,
with the information from the other VPs, is provided.

Finally, corresponding safety requirements for the ReqVP are derived based on the
identified safety risks and their criticality. These can influence operational, functional, and
logical, as well as physical systemic aspects, as shown in Table 1. As a result, the Sol at
this abstraction level is iterated again with the existing information basis in all VPs. This
iteration process is continued until the results of the SafVP of the current iteration do not
require any further adjustment of the Sol.

3. A Generic System Concept

The Sol is refined to a deeper level of abstraction once the iterative elaboration of all
VPs at the associated abstraction level has been completed (Figure 1). For a deeper level of
abstraction, the VPs are sequentially worked through again. To redefine the system context
of the OpsVP, the logical systems of the higher abstraction level become the actors in the
lower system context. The addition of further actors is possible in consultation with the
level-specific stakeholders. The use cases of the lower-level result from the functions of the
higher abstraction level. This is due to the fact that the previously considered Sol now acts
as an actor for its potential subsystem. Previously defined internal functions now serve as
a direct service function (use case) of the subsystem to its superordinate system due to the
gradation of the system context.

The higher-level Sol function is divided into sub-functions, enabling implementation
of the higher-level function. This is defined as a white-box function, with sub-functions
as new black-box functions (Figure 5). An analogous procedure can be carried out for
subdividing the logical architecture in the LogVP, and an allocation between the new black-
box functions and black-box systems, as well as the elaboration of the remaining VPs, is
required in accordance with Section 2.1.
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Function element
(black-box)

Function element
(white-box)

System element
(black-box)

System element
(white-box)

Aggregation
Composition

System 1

Subsystem 1.1

Subsystem 1.2

100 @ O @

Subsystem 1.3

|
|
v

Allocation

Figure 5. Schematic relationships between the black-/white-box elements of the FctVP and LogVP
across two levels of abstraction.

This enables the creation of a database of potential systems, allowing for individual
system compositions with specific top-level Sol. The effort required to create a database
of generically interchangeable system modules with an integrated VP structure is time-
consuming, but offers a considerable advantage for subsequent product developments.

4. Methodological Enhancements and Future Work on HADES

The acquisition of information in the OpsVP is largely based on analyzing and in-
teracting with the stakeholders of the Sol. This process is supported by HADES through
corresponding information objects for data structuring, but is not actively guided. A
stronger process guidance of the user, which is supported by templates and an adaptive
graphical user interface, is conceivable.

The support of system safety analyses by LLMs for text-based data interpretation
and result generation is already promising in the current expansion stage of HADES. An
extension of the concept for targeted LLM support for architecture decisions in FctVP and
LogVP will be integrated in future versions. Various methods of optimizing the knowledge
base of the utilized LLM are being sought for reliable and targeted application.

Another major application case of HADES is the simulation capability of the abstract
system models, taking into account the information of all stored VPs, as well as a variable
scope of abstraction levels. This allows for early-stage dynamic behaviour checks and
malfunction detection, reducing risks and substantiating decisions. The integration of
simulation capability also extends the scope of methods for (semi-)automatic system safety
analyses according to OSIRIS. To realize this, the implementation of state machines based
on SysML are planned for later expansion stages, requiring metamodel adjustments.

5. Conclusions

The basics of abstract system modelling with the HADES modelling framework in
accordance with common SE standards were presented. HADES focuses on a complete
modelling approach to satisfy the development process of aeronautical systems in ac-
cordance with ARP4754B. For this purpose, the classic RFLP approach was taken up and
expanded to include integrated methods for analyzing the systemic-operational aspects and
suitable methods of system safety assessment. The subdivision of the Sol into more detailed
subsystems and subfunctions is carried out in line with targeted system safety analyses to
validate the abstract system model. Based on the potential system-level structure, HADES
provides a generic approach that makes it possible to separate interchangeable system
modules with an integrated, modelled VP structure. As a result, complex systems are
visualized in a manageable way, responsibilities will be clearly structured and separated,
and coherent relationships and interfaces can be explicitly defined.
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Even in its current expansion stage, HADES has the potential to make development
processes more efficient and transparent. The active use of HADES can save time and
resources, increase productivity, and improve the resulting quality of the systems.
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