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ABSTRACT The Arrival MANager (AMAN) system plays a crucial role in managing aircraft arrivals, optimizing landing sequences,
and preventing congestion at airports. It aims to minimize delays and enhance airspace utilization. Safety breaches in the
AMAN system can disrupt air traffic and compromise airport operations. To address these concerns, we model the AMAN
system using Capella, a tool for Model-Based System Engineering (MBSE). Capella allows us to create two key models:
Operational Analysis (OA) and System Analysis (SA). The OA captures the external environment and user needs, while the
SA defines the internal system architecture to meet those needs. These models are interconnected to ensure the system’s
architecture aligns with its operational requirements. Next, we apply a Model-to-Model transformation to generate the Event-B
model from the Capella input, formalizing the system’s specifications. This enables the verification of safety and correctness.
We use model-checking for formal verification, validating safety properties and ensuring the system’s compliance with expected
behaviors. The effectiveness of this approach is demonstrated through a realistic case study which is the AMAN system.
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1. Introduction
In our ever-evolving world, the complexity of systems has es-
calated, surpassing the efficacy of traditional document-driven
engineering practices. The intricate nature of modern systems
poses a formidable challenge for designers relying on outdated
modeling approaches. The fundamental challenge lies in en-
capsulating the interconnectedness of numerous components
within the system and predicting emergent behaviors, a task that
is inherently complex. Achieving an appropriate balance be-
tween granularity and abstraction requires careful consideration,
as designers must capture system details without introducing
excessive complexity. The dynamic nature of complex systems
introduces a constant need for change management. Designers
must ensure that their models remain adaptable to evolving re-
quirements, accommodating alterations without compromising
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the overall integrity of the system representation. Validation
and verification become paramount, with designers tasked with
confirming that their models accurately mirror real-world sys-
tems and meet specified requirements. Navigating uncertainties
and unforeseen events further complicates the modeling process,
requiring designers to devise strategies to handle unpredictable
factors influencing system behavior. Interdisciplinary collab-
oration adds an additional layer of complexity, necessitating
effective communication and understanding across diverse do-
mains [29], [30]. Model maintenance over the long term poses a
persistent challenge, demanding continuous updates and adapta-
tions to ensure the model’s relevance as the system evolves. The
availability and integration of suitable modeling tools, along
with considerations for human factors such as cognitive load,
further contribute to the complexity designers face in this en-
deavor. The main objective of the MBSE process is to replace
document-centric specifications with a single, authoritative, and
executable system model that reduces ambiguity and facilitates
analysis. In this regard, Capella stands out as a pivotal advance-
ment in engineering environments, especially within energy
[23], aerospace [8], and automotive industries [24], by provid-
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ing a structured methodology and tooling to achieve this goal.
Capella’s unique strength lies in its ability to articulate complex
systems across multiple abstraction levels, providing a struc-
tured and comprehensive framework for representation. The
tool facilitates the creation of models that strike a harmonious
balance between detail and abstraction, addressing the chal-
lenge of system complexity. Also, Capella’s dynamic modeling
capabilities empower designers to manage changes effectively,
ensuring that models remain adaptable to evolving requirements.
In the specific context of modeling with Capella for this paper,
we would like to point out that we will focus on the two ini-
tial levels of Capella/Arcadia, namely the Operational Analysis
(OA) and the System Analysis (SA). Following model con-
struction, the next critical step is formal validation to eliminate
ambiguities, identify inconsistencies, and ensure alignment with
stakeholder needs, as in our previous work [14] and [15]. Here,
the formal language Event-B proves advantageous, offering flex-
ibility for refinement and convenient state definition through
variables and invariant maintenance, irrespective of variable val-
ues. Verification outcomes may necessitate adjustments to meet
evolving requirements. The main contribution of this paper is
the automatic transformation of Capella models into Event-B
models, with a complete mapping between the elements of both
frameworks. To demonstrate the effectiveness of this approach,
we apply it to a real-world case study — the Arrival MAN-
ager (AMAN) system [45]. This validation helps assess the
transformation’s ability to detect safety breaches in the Capella
models of the AMAN system. However, the transformation
process requires Capella users to adhere to specific syntax rules
during the modeling phase to ensure correctness and error-free
generation of Event-B models. This transformation enables the
verification of Capella models using model-checking, a crucial
step in establishing a reliable development process and miti-
gating execution problems. Our approach provides a robust
foundation for ensuring correctness, safety, and functional accu-
racy in MBSE, integrating formal methods [11] into the process
without requiring extensive formal methods knowledge. The
remaining sections of this paper are structured as follows. Sec-
tion 2 presents the key concepts, including Capella/Arcadia as
a Model-Based Engineering practice and the Event-B formal
method. Section 3 provides a review of relevant research in the
field. Section 4 outlines the case study employed to experiment
with our approach. Section 5 details our transformation ap-
proach, encompassing four distinct steps. Experimental results
are discussed in section 6. In section 7, we discuss previous
approaches applied to the same case study, comparing these
methods with our proposed approach. The paper concludes in
section 8, summarizing the findings and wrapping up the overall
discussion.

2. Background

This section provides an introduction to the primary fundamen-
tals employed in our proposal, specifically focusing on Capella
and Event-B.

2.1. A Brief Guide to Arcadia and Capella
Capella [48] is an open-source MBSE tool that supports the
design, analysis, and verification of complex systems. It was
developed by Thales and is built on the Eclipse [17] platform,
making it highly extensible and adaptable for various indus-
trial applications. Capella is closely aligned with the Arcadia
methodology, which stands for "Architecture Analysis and De-
sign Integrated Approach". This methodology is at the core of
Capella, guiding the entire process of system development.

2.1.1. Arcadia Methodology Arcadia [48] provides a struc-
tured approach to systems engineering, focusing on a clear
separation of concerns throughout the development process.
The methodology is divided into several key phases as shown in
Figure 1.

Figure 1 Summary of ARCADIA levels

Operational Analysis (OA): This phase addresses the system’s
external environment and stakeholders. It identifies operational
needs, defines the operational scenarios the system must support,
and ensures that all external factors are considered. The goal is
to understand the problem space before diving into the system’s
design.
System Analysis (SA): Once the operational context is clear,
the System Analysis phase defines the system’s architecture in
response to the operational needs. This phase involves detail-
ing the system’s functions, components, and their interactions,
ensuring that the system can meet the identified operational
scenarios.
Logical Architecture (LA): In this phase, the system architec-
ture is further refined into a logical view, where the system’s
functions are decomposed and allocated to logical components.
This step ensures that the system’s design is coherent and feasi-
ble, preparing for the physical implementation.
Physical Architecture (PA): The Physical Architecture phase
translates the logical architecture into a physical model, where
the actual hardware and software components are identified,
and their interactions are defined. This phase bridges the gap
between the conceptual design and the physical implementation.
Requirements Engineering: Throughout these phases,
requirements engineering is an ongoing activity, ensuring
that all design decisions are traceable back to the original
operational needs.

Table 1 summarizes the elements of OA and SA in Capella,
with descriptions for each element:
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Model Element Analysis Level Description

Operational Entity Operational Analysis Represents an entity (e.g., a person, organization, or machine) interacting
with the system. Defines what needs to be performed by this entity

Operational Actor Operational Analysis Represents external stakeholders or users of the system. Actors can
interact with operational entities and activities to fulfill operational goals

Operational Role Operational Analysis Defines a function or behavior that an operational entity or actor performs.
It helps describe responsibilities in the context of operational activities

Operational Activity Operational Analysis Represents a specific action or process performed within the system to
achieve a goal. Operational activities are typically linked to operational
entities, actors or roles

Operational
Interaction

Operational Analysis Represents the interaction between operational activities, describing how
the entities, actors or roles communicate or exchange information to
achieve system functionality

Operational Capability Operational & System
Analysis

Describes the high-level operational functions or capabilities required
by the system. They are usually abstract and represent what the system
must achieve

Operational Scenario Operational Analysis Describes a sequence of interactions between operational entities and
actors to achieve a particular goal or function. It is used for operational
validation

System Actor System Analysis Represents external elements (e.g., human users, external systems) in-
teracting with the system but not part of the system itself. They provide
input to and receive output from the system

System Function System Analysis Represents a set of actions or processes that the system performs to fulfill
its requirements. Functions are hierarchical and can decompose into
sub-functions

Functional Exchange System Analysis Describes data or control flow between system functions. Functional
exchanges define how system components interact and communicate
with each other

System Mission Operational & System
Analysis

Defines the high-level, overarching goal or objective that a system or
organization is designed to achieve

Functional Chain System Analysis Defines a sequence of system functions and their interactions, showing
how the system achieves specific outcomes or behaviors through a series
of interconnected functions. It represents the flow of operations through
the system

Constraint Operational & System
Analysis

Represents rules that restrict or guide the behavior of the system. In OA,
constraints are high-level and related to requirements, while in SA, they
become more specific, ensuring components behave correctly and adhere
to safety and performance standards

Table 1 Description of Key Elements in Operational and System Analysis Models
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Figure 2 Operational Analysis Model for the Pedestrian Crossing System

To illustrate the OA elements, we consider a simple Pedes-
trian Crossing System, whose mission is to ensure pedestrians
can safely cross a road under traffic control (see Figure 2).
The primary operational capability of the system is to man-
age pedestrian and vehicle interactions to prevent conflicts.
The OA model identifies the operational entities involved in
this mission—specifically, the Traffic Light Controller and
the Vehicle—along with the operational actor, the Pedestrian.
The operational activities capture the main actions performed
by each actor and entity: the pedestrian steps onto the side-
walk (Stepping_On_Sidewalk), presses the crossing request
button (Pressing_Button), and then crosses the road (Cross-
ing_The_Road). The Traffic Light Controller monitors the
button press and the traffic lights (Monitoring_Lights) and
switches the signals between red (Switching_Lights_Red) and
green (Switching_Lights_Green). Vehicles respond to these sig-
nals by stopping when the light turns red (Stopping_Vehicle)
and moving when it turns green (Moving_Vehicle). These ac-
tivities are connected through operational interactions, such as
Pressing_Request and Sending_Red_Lights_Signal, which de-
scribe the information flow between actors and entities. This
OA model represents a Pedestrian Safe Crossing Scenario. The
scenario begins with the Pedestrian stepping onto the sidewalk
and pressing the crossing request button. The Traffic Light
Controller then monitors the request and the current state of
the lights, sends the signal to switch the lights to red, and en-
sures vehicles stop. Once the road is clear, the pedestrian safely
crosses to the other side.

Figure 3 presents the SA model for the Pedestrian Crossing
System, refined from the OA illustrated in Figure 2. This SA
model provides a refined system-level view describing what the

Traffic Light Control System must do to satisfy the same OA
mission mentioned earlier. In this transition, several elements
from OA are preserved and reused, such as the Pedestrian, Vehi-
cle, and Traffic Light Controller. The SA model introduces
new internal system actors and allocates specific functions,
such as the Crossing Request Button and the Pedestrian/Ve-
hicle Traffic Lights. The Pedestrian preserves his old activities
such as stepping onto the sidewalk (Stepping_On_Sidewalk),
pressing the button (Pressing_Button), and crossing the road
(Crossing_The_Road). The Crossing Request Button senses
the physical press (Sensing_Physical_Press), generates a digital
signal (Sending_Digital_Signal), and sends the request to the
controller (Sending_Request_To_Controller). The Traffic Light
Controller monitors the button input and system timers (Monitor-
ing_Lights, Monitoring_System_Timers), and sends commands
to switch lights between green (Switching_Lights_Green), red
(Switching_Lights_Red), walk (Switching_Walk_Light), and
not-walk (Switching_Not_Walk_Light). The Vehicle Traffic
Lights respond by illuminating red or green lights (Illuminat-
ing_Red_Light, Illuminating_Green_Light), while the Pedes-
trian Traffic Lights display walk or not-walk indications (Illumi-
nating_Walk_Light, Illuminating_Not_Walk_Light). Vehicles
accordingly stop (Stopping_Vehicle) when the red light is active
and move (Moving_Vehicle) when it turns green. The Pedestrian
Safe Crossing Scenario defined in the OA is also represented
at the SA level as a functional chain. This chain captures the
sequence of functions that must be executed—from the but-
ton press to the activation of the red light for vehicles and the
walk signal for pedestrians. A safety constraint ensures that
the pedestrian “Walk” signal and the vehicle “Green” light are
never active simultaneously.
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Figure 3 System Analysis Model for the Pedestrian Crossing System

2.1.2. Capella Tool: Capella [48] supports the Arcadia
methodology by providing a graphical modeling environment
where engineers can create, visualize, and analyze system mod-
els across the different phases of Arcadia. The tool offers several
features to facilitate the design process:

Rich Modeling Environment: Capella allows for the cre-
ation of detailed models that represent the system’s operational
context, architecture, and requirements. These models are vi-
sually intuitive, making it easier for engineers to communicate
design decisions.

Traceability: One of the key strengths of Capella is its ability
to maintain traceability between different model elements. For
example, requirements defined in the OA phase can be traced
through to the PA phase, ensuring consistency and alignment
throughout the design process.

Simulation and Analysis: Capella includes various tools for
simulating and analyzing models, helping engineers to validate
their designs against operational scenarios and requirements.
Capella also supports behavioral simulation through extensions
such as Cap2SL [43], which enables the transformation of func-

tional and state machine models into Simulink [50] for dynamic
execution and verification. In addition to that, Capella’s view-
point mechanism allows domain-specific analyses, including
safety, performance, and trade-off assessments, making it a
comprehensive platform for system design validation [28].

Collaboration: Capella supports collaboration among teams,
allowing multiple users to work on the same model simulta-
neously. This is crucial for large projects involving different
engineering disciplines.

It is crucial to recognize that Arcadia functions as a versatile
modeling framework rather than a rigid methodology. It pro-
vides a wide range of modeling concepts and diagrams that can
be adapted to meet specific project requirements. Its rich set of
concepts can be extended; for instance, projects can integrate
SysML artifacts like sequence or state diagrams by applying
specific methodological guidelines.

2.2. Event-B Formal Method

The Event-B method [1] is a state-based formal method for
system-level modeling and analysis. It provides a mathemat-
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Figure 4 Event-B Model Decomposition

ically rigorous framework for the specification, refinement,
and verification of complex systems—particularly those requir-
ing a high degree of reliability and safety assurance. Devel-
oped by Jean-Raymond Abrial, Event-B supports a correct-
by-construction development process in which correctness is
guaranteed through refinement and formal proofs. Event-B
was selected in this work due to its strong suitability for mod-
eling and verifying complex, safety-critical systems using a
progressive refinement approach. Compared with other state-
based formal methods such as Z, B, or TLA+, Event-B offers a
clear distinction between system specification and refinement,
allowing models to evolve systematically from abstract goals
to detailed designs. This layered refinement process closely
mirrors the multi-level abstraction followed in the Arcadia/-
Capella methodology, which transitions from operational needs
(OA) to system architecture (SA). Furthermore, as discussed
by Mashkoor et al. [40] in their comparative evaluation of
state-based formal methods for industrial deployment, Event-
B achieves a favorable balance between expressive modeling
capabilities, proof support, and scalability. It provides a pre-
cise mathematical foundation while maintaining an accessible
modeling style that supports incremental verification and modu-
lar reasoning — essential features for handling safety-critical
systems.

The static parts of a model are defined in a CONTEXT (see
Figure 4). sets s represent abstract collections representing
types or domains of entities within the system. These sets can
represent anything from users to resources and help in defining
relationships and functions between different entities. Along-
side sets, constants c are used to introduce fixed values or
parameters that define universal properties or initial conditions
of the system. The properties of these sets and constants are
defined by Axioms (A(s,c)), which are assumed truths that form
the foundational assumptions of the model. For example, an
axiom might state that a set is finite or that a constant has a
specific value. Theorems can also be defined to state properties
that must be derivable from the axioms. Unlike axioms, theo-

rems are not assumed; they are claims that must be proven to
be logical consequences of the axioms. The dynamic behavior
is defined in a MACHINE (see Figure 4). Machines contain
Variables v which are used to represent the state of the system.
They hold the current values that describe the system’s condi-
tion and are central to understanding the dynamic aspects of the
model. Variables are governed by Invariants I(s,c,v), which are
logical conditions that must always hold, regardless of the sys-
tem’s state. These invariants ensure that the system’s behavior
remains within safe and correct bounds. Events are the primary
mechanism for defining state transitions in Event-B. Each event
consists of a guard G(s,c,v), which is a condition that must be
met for the event to trigger, and an action, which describes how
the variables are updated when the event occurs. Events drive
the system’s evolution from one state to another while ensuring
that the invariants are preserved. The model’s initial state is
defined through Initialization, which sets the initial values of
the variables. This initialization ensures that the system begins
in a well-defined state that satisfies all necessary invariants. A
key strength of Event-B lies in its refinement mechanism, which
supports a top-down, correct-by-construction development pro-
cess. System development begins with an abstract specification
capturing the system’s global objectives and is progressively
refined into more concrete models that introduce operational
and architectural details. To guarantee correctness, Event-B
employs proof obligations (POs) automatically generated by
verification tools. These logical conditions must be proven to en-
sure that each event preserves the invariants and that refinements
remain consistent with their abstractions. In our work, verifi-
cation is supported by a toolchain combining ProB[38]—for
model checking, animation, and invariant validation—with the
Atelier B [9] environment for managing and discharging proof
obligations. Together, these tools enable automated verification,
theorem proving, and state-space exploration, facilitating both
functional validation and early error detection. In addition to
its rigorous theoretical foundations, Event-B benefits from a
mature verification ecosystem with strong industrial adoption in
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domains such as aerospace, railways, and automotive systems.
Its emphasis on refinement, proof, and tool-supported validation
makes it especially well-suited for integrating with Capella’s
model-based systems engineering (MBSE) framework.

3. Related Work
A primary objective of system architecture design is to achieve
correct, complete, and error-free descriptions of system behavior
that are unanimously agreed upon by customers, system archi-
tects, and engineering teams. However, a significant challenge
persists: contemporary architecture models are predominantly
descriptive. These models, while excellent for documentation
and communication, offer limited capabilities for predicting
dynamic system behavior, leading to ambiguities and late-stage
discovery of critical errors. In contrast, a prescriptive (or exe-
cutable) model defines system behavior in a precise, unambigu-
ous manner that can be simulated, executed, or formally verified.
Simulation provides engineers with an executable virtual proto-
type, transforming the design process by enabling stakeholders
to interact with and understand the system’s behavior before it
is built. This not only enhances communication but also allows
for early evaluation, analysis, and automated exploration of the
design space. To move beyond simulation and provide mathe-
matical guarantees of correctness, the subsequent Verification
and Validation (V&V) step requires robust methodologies that
seamlessly integrate intuitive modeling languages with rigorous
formal verification techniques.

3.1. Bridging Formal Methods and Model-Driven Engi-
neering

The complementary relationship between Formal Methods
(FMs) and Model-Driven Engineering (MDE) has been a subject
of extensive research. Gargantini et al. [31] lay a foundational
vision for this integration, proposing an "in-the-loop" strategy.
This strategy is twofold: first, it applies MDE to FMs by using
metamodeling [36] to define the abstract syntax of a formal
language (like Abstract State Machines (ASM)), which then
enables the generative development of user-friendly tools (ed-
itors, simulators). This addresses the usability gap of FMs.
Second, it applies FMs to MDE by using a formal method as
a "semantic framework" to provide modeling languages with
precise, executable semantics, enabling formal analysis. The
authors demonstrate this with the ASMETA framework, where
a technique called "semantic hooking" allows a single, generic
ASM model to capture the behavioral semantics of an entire lan-
guage metamodel (e.g., Petri nets), which is then instantiated for
specific models via transformation. Our work is a concrete in-
stantiation and specialization of this overarching vision. While
Gargantini et al. [31] operate in the general software domain
using ASMs and the Eclipse Modeling Framework (EMF) [52],
we target the specific challenges of industrial systems engineer-
ing. We provide an automated pipeline that transforms Capella
models into Event-B specifications. This allows system engi-
neers to leverage the proving and model-checking power of
Event-B for verifying safety-critical properties in complex sys-
tems, without requiring them to be experts in the formal method
itself.

3.2. Transformations from UML and SysML to Formal
Specifications

A significant body of research has focused on augmenting semi-
formal modeling languages (UML and SysML) with the rigor
of formal verification through automated model transformation.
The common goal across these works is to bridge the semantic
gap between intuitive graphical models and analyzable formal
specifications. This is often achieved by extending the modeling
language itself, as seen in the work of Bougacha et al. who
propose in [16] an approach that extends SysML with safety-
relevant Event-B mechanisms, enabling an automatic translation
from SysML diagrams that present a high-level architecture de-
sign, such as package, block definition, state transition, and
sequence diagrams, to Event-B specifications. This integration
aims to provide a more rigorous and formalized framework
for the design and verification of critical systems, addressing
safety and security concerns. Similarly, Huang et al. [34]
tackle the verification of SysML activity diagrams by defining
a formal, semantics-preserving transformation to Petri Nets.
The core of their approach is a meticulously defined mapping
rule: activity nodes are classified as either "Load-and-Send"
(LAS—e.g., Actions, Forks) which require all input tokens to
execute and are mapped to Petri net transitions, or "Immediate-
Repeat" (IR—e.g., Pins, Decision Nodes) which fire upon any
input token and are mapped to places. This forms the basis
of their three-phase ACT-to-PN transformation algorithm. A
pivotal contribution is the formal proof of semantic equivalence
between the original diagram and the resulting Petri net, coupled
with a trace-back property. This ensures that errors like dead-
locks found in the Petri net can be directly traced back to the
specific elements in the original SysML model. The methodol-
ogy was validated through two case studies. A tutorial example
revealed an unbounded token accumulation issue undetected
by standard SysML tools. A more complex Flexible Manu-
facturing System (FMS) case study was modeled in Papyrus
[37], manually transformed into a Petri net, and analyzed with
the PIPE2 tool [46], which successfully uncovered a deadlock.
Using the trace-back property, the root cause was identified and
corrected in the SysML model, proving the method’s practical
efficacy in finding critical design flaws. Other approaches target
simulation-based validation; for instance, Chabibi et al. [20]
address the gap between architectural design and dynamic sim-
ulation by creating an automated bridge from SysML to MAT-
LAB/Simulink. The approach uses a custom SysML profile
(SysML4Simulink) to tag model elements for simulation. An
Acceleo [27]-based M2T transformation then generates a MAT-
LAB script which, when run within the MATLAB environment,
automatically generates the corresponding Simulink model. The
approach was validated through a detailed case study of an elec-
trical circuit system, comprising a battery, a chopper, and a DC
motor. The system was modeled in SysML, automatically trans-
formed into a Simulink model via the proposed toolchain, and
then simulated to verify the key requirement that the DC motor’s
rotational speed increases continuously with the input voltage.
The simulation successfully demonstrated this continuous-time
behavior, proving that the generated Simulink model was se-
mantically consistent with the original SysML source model
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and capable of conducting meaningful system verification.
Beyond SysML, similar integration efforts have been ap-

plied to UML. Snook et al. [51] take a different approach by
translating UML models (conforming to the xUML executable
variant) into a series of progressively refined models in UML-B
(a formal notation based on Event-B), leveraging refinement
to manage complexity and introduce necessary abstractions.
This method is particularly valuable for systems like railway
interlocking, where model-checking suffers from state-space
explosion. The process was successful in uncovering and cor-
recting two significant design errors in the original UML model,
but the paper notes that the initial "mechanistic" translation ap-
proach was insufficient, and the iterative process of refining the
model to make it amenable to proof took several weeks of effort,
highlighting the trade-off between automation and the need for
expert intervention to introduce the right abstractions. Similarly,
A. Ait Wakrime et al. present in [4] a pragmatic two-step
method for the railway domain; first, the system’s structure is
modeled using UML (class diagrams). Then, this structure is
automatically translated into the formal language Event-B using
a tool called B4MSecure [35]. The generated formal model
is then manually enriched with the system’s dynamic behavior
(as "events") and crucial safety invariants, such as "a train’s
movement authority shall only contain free track sections" and
"a track section shall never contain two trains". For verification,
the authors use the ProB [38] model checker and animator to
exhaustively explore all possible system states from a given
initial scenario, confirming that no sequence of events can vio-
late the safety invariants. The animation further validated that
the model correctly simulates expected operational behavior.
[5, 6, 26] focus on integrating UML with the Z notation. N.
Amálio et al. [5, 6] introduce a template-based approach where
UML class and state diagrams are transformed into Z speci-
fications, with analysis conducted using the Z/Eves theorem
prover [49, 33]. S. Dupuy, Y. Ledru, and M. Chabre-Peccoud
[26] implement this integration through the RoZ tool, which is
directly integrated into the Rational Rose environment. RoZ
not only translates annotated UML diagrams into Z but also
automatically generates proof obligations to validate that the
model’s constraints are maintained by elementary operations,
significantly boosting specification quality.

3.3. Verification and Validation of Capella Models
As a leading MBSE tool in the industry, Capella requires ro-
bust Verification and Validation (V&V) techniques. Existing
approaches can be categorized as simulation-based or formal-
methods-based.

3.3.1. Simulation-Based V&V: Duhil et al. [25] propose
a method for early verification of Capella models (especially
physical architectures) by adding executable semantics through
a five-step transformation chain (selection, refactoring, mapping,
adaptation, enrichment). This process systematically converts a
descriptive Capella data flow model into a format suitable for be-
havioral analysis. The approach was implemented as an Eclipse
plugin using the Xtend transformation language [13], which
automatically generates a MATLAB [41] script to construct

a corresponding Simulink model. Its practical efficacy was
demonstrated on a "Clock Radio" system case study, where the
generated Simulink model successfully uncovered a concrete
design error—an incomplete data flow in the alarm mode—and
flagged potential issues like cyclical data flows. Complement-
ing this external transformation approach, other works focus
on enabling execution directly within the Capella environment.
P. Chrszon et al. [21] developed a native add-on that allows
state machines, modeled directly in Capella, to be "executed" or
simulated. This simulator has two main modes: Manual Mode:
The user can step through the state machine one transition at
a time. This is useful for debugging the model and explain-
ing how it works to others. Automatic Mode: The simulator
can automatically run a pre-defined "scenario" (like an opera-
tional procedure or a functional chain) on the state machine. It
checks whether the state machine can correctly follow the entire
sequence of steps from start to finish. Building on these capabil-
ities for direct and transformed simulation, Nowodzienski et al.
[43] advocate for a paradigm shift from MBSE to Model and
Simulation-Based Systems Engineering. The key enabler is the
Cap2SL tool, which automates the transformation of specific
Capella models, including state machines and functional chains
from the System Analysis models, into executable Simulink
models. A crucial feature is its handling of ambiguity: elements
that cannot be automatically mapped (like a transition trigger
in natural language) are flagged as comments in the Simulink
model, forcing early clarification of specifications. A case study
on a crop-monitoring drone validated this approach, uncovering
ambiguities and validating integrated system behavior.

3.3.2. Formal Methods-Based V&V : Ouni et al. [44]
address the transition from system to software engineering by
defining a formal mapping between Capella’s Physical Architec-
ture and AADL. This allows properties such as schedulability
and performance, which are difficult to analyze in Capella, to
be verified using specialized AADL tools. The technical ap-
proach defines a formal mapping between Capella’s physical
architecture models and AADL abstract models, focusing on
Capella’s physical architecture as it contains the most detailed
implementation choices. Key mappings include Capella Node
Physical Components transforming to AADL Processors (soft-
ware execution units) and Devices (hardware), Capella Behavior
Components to AADL Processes, and physical links and ports
to AADL buses and bus access connections. It was validated on
TwIRTee, a three-wheeled autonomous rover demonstrator fea-
turing multiple computing channels with redundant architecture,
various sensors (camera, GPS, odometry) and actuators (mo-
tors), safety-critical man-machine interfaces, and complex mis-
sion functions requiring coordinated hardware/software design.
The transformation successfully generated AADL models from
Capella’s physical architecture, enabling verification of struc-
tural, performance, timeliness, and dependability properties that
would be difficult to analyze in Capella alone. Moving from
architectural to behavioral analysis, Busard et al. [19] present
an integrated toolchain that bridges industrial system model-
ing with formal verification to enable early detection of design
flaws in behavioral specifications. The approach connects the
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Capella modeling environment with the NuSMV model checker
[22] through the PyNuSMV library [18], automatically trans-
forming sequence diagrams into formal finite state machines
using hierarchical Message Sequence Chart (hMSC) semantics
[22]. This allows system engineers to verify temporal logic
properties directly within their familiar modeling interface, with
the system providing counterexamples when properties are vio-
lated. The methodology was validated on an unmanned aerial
vehicle traffic management case study comprising 14 scenar-
ios involving drone operations and degraded modes. Results
showed successful verification of 10 medium-complexity sce-
narios while identifying 2 unbounded and 2 overly complex
scenarios, demonstrating both the practical applicability and
current limitations of this formal verification approach for in-
dustrial system design. Rioux et al. [47] present an automated
toolchain to bridge the critical semantic gap between Capella
design models and the ROMEO model checker for timing veri-
fication. Their approach follows four key steps: First, system
architects create a model in Capella using standard Arcadia
methodology. Second, an automated transformation via a spe-
cialized pivot model adapts the Capella semantics—where tasks
can write data during execution—to ROMEO’s verification se-
mantics, where outputs are typically written at task completion.
Third, the transformed model is formally verified in ROMEO
to compute precise worst-case timing properties like end-to-
end latency. Finally, results are fed back and visualized within
Capella, enabling engineers to interpret formal verification out-
comes directly in their design environment. The approach was
validated on an industrial case study where it successfully veri-
fied a 117ms worst-case latency against a 120ms requirement,
while demonstrating significantly better performance (57× faster
and using less memory) compared to the alternative verification
tool IMITATOR [7], making formal timing verification practical
for industrial development processes.

Our work contributes to this formal-methods-based strand by
providing a novel, automated Model-to-Model transformation
from Capella’s Operational and System Analysis levels to Event-
B. This allows for the application of the ProB model checker to
verify critical safety invariants, adding a layer of mathematical
rigor to the Capella ecosystem that is particularly valuable for
safety-critical systems.

It is insightful to contrast our work with two other formal
developments of the same AMAN system, which was the case
study for the ABZ’23 conference. Mammar and Leuschel [39]
employ a manual, correct-by-construction refinement process
in Event-B. The model is structured across eight refinement
levels (M1-M8), progressively introducing features from basic
sequencing to mouse interactions and system failures. A key
challenge was encoding temporal properties (e.g., an aircraft
on hold must eventually be resumed) using auxiliary variables,
as Event-B lacks native temporal logic. Verification involved
discharging 349 proof obligations in Rodin (65% requiring in-
teractive proof) and model checking with ProB. This approach
provides high assurance but demands significant expertise in
Event-B and theorem proving. In the same way, Geleßus et al.
[32] also develop the AMAN system manually in Event-B across
ten refinement levels. Its core contribution is the systematic use

of Validation Obligations (VOs) [53] to bridge natural language
requirements and formal validation. VOs are structured tasks
that formalize requirements for checking via invariants, tempo-
ral logic (LTL/CTL), or scenario traces. The team also placed
strong emphasis on stakeholder-friendly validation using the
VisB [54] tool to create interactive graphical prototypes, allow-
ing domain experts to engage with the model without under-
standing Event-B. In direct contrast, our work shifts the focus of
development from direct formal modeling to system modeling
with automated formalization. The approaches in [39] and [32]
are expert-centric and formal-method-driven. System architects
or formal methods experts must manually create and refine a
series of Event-B machines. The Event-B model is the primary
design artifact they work on, and its correctness relies entirely
on their expertise in the formal method. Our approach, however,
is system-engineering-centric and model-driven as presented in
our previous works [14] and [15]. The system engineer works
exclusively within the graphical Capella environment, using its
structured methodology (Arcadia). The Capella model is the
primary, authoritative design artifact. The Event-B specification
is then generated automatically as a derivative artifact used for
verification.

4. Case Study

Throughout this paper, we will project our approach into a practi-
cal interactive case study presented at the ABZ 2023 conference
[45]. The AMAN tool is a software planning tool designed to
propose an arrival sequence of aircrafts to the PLAN Air Traffic
Controller (ATCo). Its purpose is to support the establishment of
optimal aircraft approach routes. The primary objectives include
aiding controllers in optimizing runway capacity—landing as
many aircraft as possible in the shortest time—and regulating or
metering the flow of aircraft entering the airspace. The tool fa-
cilitates the achievement of precisely defined flight profiles and
the management of traffic flows, thereby minimizing airborne
delays. This contributes to enhanced efficiency in flight manage-
ment, reduced fuel consumption, improved time management,
and optimal utilization of runway capacity.

Figure 5 illustrates the core automated workflow of the Ar-
rival Manager (AMAN) system. The process begins with data
acquisition, where the system integrates a variety of real-time
and static information sources. These inputs, which form the
foundation for all subsequent computations, include the regis-
tered Flight Plan Information, Radar Data for tracking real-time
aircraft positions, an Aircraft Performance Model to understand
the capabilities of each specific aircraft type, and Weather In-
formation that may affect trajectories. As noted in the case
study, known airspace and flight constraints are also factored in,
represented here as Local Environment Data.

This diverse data is funneled into the Prediction module.
This component is responsible for synthesizing the planned
routes with the actual, real-time radar tracks and performance
characteristics to generate a precise Predicted Time of Arrival
at the runway for each incoming aircraft. These predictions
are dynamic and are continuously updated to reflect the current
situation.
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Figure 5 AMAN Case Study

The predicted arrival times are then passed to the Sequencing
module, which acts as the optimization engine of the AMAN.
Its primary function is to compute a landing sequence that max-
imizes runway throughput—landing as many aircraft as quickly
as possible—while adhering to the non-negotiable Safety Spac-
ing Requirements. As detailed in the [45] case study, a key
constraint is the mandatory 3-minute separation between con-
secutive landings to prevent wake turbulence incidents. The
output of this entire automated process is the generation of
Advisories. These are presented to the air traffic controllers
and consist of the optimized Sequence List (SEQ_LIST) itself,
along with Delay Management Advisories, which inform con-
trollers of the necessary speed adjustments for each aircraft to
meet its assigned slot.

5. Proposed Approach

5.1. Overview
In the process of modeling a system using the Capella tool, it is
essential to acknowledge the potential for safety requirements
to be inadvertently neglected or inaccurately represented. This
risk can arise from factors such as incomplete or unclear safety
requirements, a lack of domain expertise, misinterpretation of
requirements, or limitations in the understanding and utiliza-
tion of the Capella tool itself. To address these challenges, a
thorough and well-defined set of safety requirements should
be established from the beginning, and domain experts should
actively participate in the modeling process. Conducting regular
reviews, ensuring proper traceability between safety require-
ments and model elements, and implementing comprehensive
testing and verification processes are imperative steps.

Therefore, our methodology simplifies the process for
Capella users, requiring them to articulate safety requirements
through a designated syntax. Subsequently, formal verification

ensues after the transformation of the Capella model into an
Event-B model. This streamlined approach facilitates formal
verification without the requirement for specialized proficiency
in formal methods for modeling the designated system in Event-
B.

The automatic transformation to formal models entails a
sequential chain of transformations, encompassing system mod-
eling, mapping, Event-B generation, and formal verification
and validation as described in Figure 6. Starting with the cre-
ation of a Capella model and the specification of constraints
(safety requirements), encompassing both functional and non-
functional properties. The Capella model is then transformed
into an Event-B model, which is subsequently verified to ensure
the correctness of the system’s behavior.

5.2. Transformation Phases
Our transformation process converts a Capella model into a
formal Event-B specification through a series of defined steps,
shown in Figure 6, adding mathematical precision to the system
design. It begins with System Modeling in Capella, where the
system’s architecture and safety constraints are captured. This is
followed by the Mapping phase, which defines the systematic
translation rules from Capella concepts to Event-B constructs.
The mapped model is then automatically processed in the Event-
B Generation phase to produce a formal specification. Finally,
the Formal Verification and Validation phase employs model
checking to rigorously verify that the generated Event-B model
adheres to critical safety and functional properties, thereby vali-
dating the correctness of the original Capella design.

5.2.1. System Modeling: In this stage, we extract and for-
malize the system’s requirements, focusing on stakeholders’
needs, system functions, features, and performance require-
ments. We then visualize the system’s structure and funda-
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Figure 6 Proposed Approach Overview

mental data elements, detailing its behavior, structure, and data
flow. Capella models act as visual representations, aiding in the
testing, validation, and communication of the system design to
stakeholders and team members.

Once the Capella model is complete, we add constraints
that define the rules for how the system should behave. These
constraints can include safety requirements, performance cri-
teria, and other specific guidelines relevant to the system. The
introduction of these constraints is a pivotal step in our method-
ology, ensuring that the system is later designed to meet all
required requirements and specifications. By integrating these
constraints into the Capella model, engineers gain the ability to
assess the system’s behavior under diverse conditions, pinpoint
potential issues or limitations, and make necessary adjustments
as warranted.

5.2.2. Mapping: In the mapping phase of the model transfor-
mation process, the objective is to convert the revised Capella
model into a model that adheres to the concepts established
by the target Event-B meta-model, while preserving the sys-
tem’s behavior and interactions. The mapping rules provided
in Table 2 below illustrate the association between each com-
ponent in the Operational and System Analysis model and its
corresponding counterpart in the Event-B model. Almost all
components in the Capella model undergo a direct 1:1 mapping
during the conversion process, except for the constraint element.
The constraint element follows a 1:* mapping, given its capac-
ity to transform into various Event-B elements (Initialization or
Invariant) based on its value.

In Capella, user interactions are modeled through actors,
roles, and scenarios, which represent how the system interacts
with users and the external environment. In the OA phase, user

activities are modeled as operational entities (actors like hu-
man operators or external systems) and operational interactions.
While in the SA phase, user inputs are represented by system
functions and functional exchanges, which detail the system’s
internal components and how they communicate with the user
via functions. For example, if a user performs a task, it can be
broken down into system functions that respond to or initiate ac-
tions based on user input. In the transformation to Event-B, the
interactions (both operational and functional) are transformed
into events in Event-B, where:

– Operational activities and system functions become events
that simulate user actions.

– Operational interactions and functional exchanges are con-
verted into transitions between different states based on
user interactions.

The transformed model handles user interactions through
state variables that track system status, invariants that enforce
system properties, and events that simulate user actions by tran-
sitioning between different system states, ensuring formal veri-
fication and correctness.

5.2.3. Event-B Generation: The main objective of this
phase is to transform the Capella model into an Event-B model
using an automated Model-to-Model transformation. This trans-
formation is crucial for enabling the formal verification of
Capella models, making formal methods accessible to Capella
users without requiring them to have formal methods expertise.
By leveraging the Acceleo framework [27, 2, 3], the transforma-
tion process is streamlined and efficient. The resulting Event-B
model captures the content and structure of the original Capella
model but is formatted for easier formal analysis and verifica-
tion.
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Capella Element Event-B Element Description

Operational Entity,
Operational Actor,
Operational Role,
System Actor

Set and Variable

These Capella elements are converted into sets in Event-B, if they are
linked to an Operational Activity (Operational elements) or System
Function (System Actor). Each set represents these elements in Event-B,
and a variable is created to capture the current state of the element during
the B machine’s execution.

Operational Activity,
System Function

Event

Capella’s Operational Activities and System Functions transform into
Events in Event-B, if they receive exchange values (operational interac-
tions or functional exchanges) as inputs. The exchange values signify
changes in the system’s state, and the event reflects this by modifying
the system state to match the input. If no input is provided, the activity
or function does not change the system’s state and thus is not mapped to
an event.

Constraint Initialization and
Invariant

Constraints beginning with "=" are mapped to Initialization in Event-
B, representing the initial state of the corresponding model element.
Constraints starting with : become invariants, which are, in our context,
the safety properties that must remain true throughout the execution of
any event, ensuring that system properties are preserved after every state
change.

Table 2 Mapping Between Capella and Event-B Elements

It is important to note that our current transformation process
does not guarantee that the generated Event-B model is syntac-
tically correct. While the Event-B tool (Atelier B) will identify
any syntactic errors when the model is loaded, this presents a
significant usability challenge. A system engineer who is an
expert in Capella but lacks a deep background in formal meth-
ods may struggle to interpret these error messages and manually
correct the generated Event-B code. This difficulty creates a
critical barrier to practical adoption. To address this, our fu-
ture work aims to integrate a syntactic validation step directly
into our transformation pipeline. This extension will verify the
syntax of the Event-B model immediately after generation and
before it is delivered to the user. By providing a model that
is guaranteed to be loadable in the Event-B tool, we make the
entire verification process more accessible to system engineers.

5.2.4. Formal Verification and Validation: In this phase,
we focus on verifying the semantics within formal models, en-
suring that the Event-B model accurately represents the intended
behavior and properties of the system it is modeling. This in-
volves checking that:

– Consistency: The model does not contain contradictions
and adheres to the rules of the modeling language.

– Correctness: The model fulfills the specified requirements
and intended properties.

– Completeness: The model captures all relevant aspects of
the system’s behavior.

For that, we use ProB [38], which is an automated analysis
tool that supports various formal methods, including B, Event-B,
and Z. ProB exhaustively explores the state space of a model
to check properties like invariants, deadlocks, and reachability.

This helps ensure that the model behaves as expected under all
possible conditions.

– Invariants: ProB checks that invariants (properties that
must always hold) are never violated during the execution
of the model.

– Deadlock Detection: ProB identifies states where no fur-
ther actions are possible, indicating potential issues in the
model.

– Reachability: ProB ensures that all necessary states can
be reached under the given conditions.

This procedural step enables the exploration of diverse scenarios
and the validation of both functional and safety properties of
the system. Concurrently, it introduces an additional formal
layer to Capella, facilitating the verification of the system’s
behavior through alignment with the corresponding Event-B
model derived from the original Capella model.

6. Application to AMAN Case Study
In our pursuit of implementing the approach to transform
Capella models into Event-B, we have chosen to apply this
methodology to a real-world system—specifically, the AMAN
system, previously presented at the ABZ2023 conference. In
this work, our primary objective is to validate the safety-critical
aspects of the AMAN system. Although the case study spec-
ifies a wider range of requirements, including functional and
interaction-related ones, our modeling and verification efforts
are limited to the safety requirements (Req5–Req8). In particu-
lar, we focus on verifying the following key safety requirements:

− Req5: Aircraft labels should not overlap.
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− Req6: An aircraft label cannot be moved into a blocked
time period.

− Req7: Moving an aircraft label might not be accepted by
AMAN if it would require speeding up the aircraft beyond
its capacity.

− Req8: If AMAN is not functioning (e.g., no update after
10 seconds), the ATCo must be informed about the failure,
and landing sequence preparation will be done manually
(without AMAN).

6.1. AMAN System Modeling using Capella

6.1.1. AMAN Operational Analysis Architecture: Our
initial step involved creating the Operational Analysis (OA)
model. This model is designed to capture the core operational
needs of the AMAN system. These needs must include gen-
erating an optimized arrival sequence to improve trajectory
efficiency and runway throughput, as well as providing real-
time delay management advisories that compare actual aircraft
progress to the flight plan.
Figure 7 illustrates the Operational Analysis model, which

defines three primary operational actors: PLAN_ATCO,
EXEC_ATCO, and PILOT, alongside three operational
entities: AMAN_SYSTEM, AMAN_TIMER, and
FLIGHT_DATA_SOURCE. Each actor or entity is asso-
ciated with a set of operational activities that collectively
describe the interactions within the arrival management process.
The PLAN_ATCO oversees the overall sequencing process and
is responsible for monitoring and adjusting the sequence list
(Monitoring_SEQ_LIST and Changing_SEQ_LIST operational
activities). The EXEC_ATCO focuses on tactical control by
ensuring safe separation (Ensuring_Distance_Separation),
coordinating aircraft positions (Ensuring_Flight_Positions),
and issuing clearances to pilots (Providing_Clearances_Pilots).
The PILOT executes operational instructions received from
the controllers, including Receiving_ATCO_Clearances
and adjusts the aircraft according to advisories Adapt-
ing_Aircraft_To_Advisories. The model also defines the
initial operational states of each entity. For example, the
PLAN_ATCO has an associated constraint with the value
“= Idle_PLAN_ATCO”. As explained in Table 2, when a

Figure 7 AMAN Operational Analysis Model with Capella
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Figure 8 Operational Process for Changing the Sequence List in the OA Model

constraint begins with the symbol “=”, it specifies the initial
state of the corresponding entity. In this model, the constraint
“= Idle_PLAN_ATCO” indicates that the PLAN_ATCO is
initially in an idle state, representing inactivity. This state will
change once one of its operational activities is triggered.

Furthermore, we can also model operational processes that
outline the sequence of interactions between entities and actors
involved in modifying the sequence list. Figure 8 illustrates
the operational scenario "Changing the Sequence List by the
Air Controller", detailing the steps required to update the se-
quence list. The scenario begins with the AMAN_SYSTEM
performing the AMAN_System_Initialization activity to start
the sequencing process. Once initialized, the system executes
the Generating_SEQ_LIST activity, which produces the initial
sequence list of arriving aircraft. The PLAN_ATCO, through
the Monitoring_SEQ_LIST activity, observes the generated se-
quence list and supervises its correctness. When an adjustment
is required—such as in response to operational changes or con-
flicts—he executes the Changing_SEQ_LIST activity. This
activity modifies the current sequence list while maintaining co-
ordination with the AMAN system to ensure consistency across
the operational entities.

At this stage, no specific safety constraints were defined, as
we are focusing on operational needs rather than the system
itself. The safety requirements mentioned earlier pertain to
system functions.

6.1.2. AMAN System Analysis Architecture: After de-
scribing the operational needs of the AMAN system through the
OA model, the next phase was to create the System Analysis
(SA) model. The purpose of this model is to define the system’s
architecture and internal functions that fulfill the operational
needs identified in the OA.

All elements from the OA model (AMAN_SYSTEM, PI-
LOT, PLAN_ATCO, EXEC_ATCO, etc.) are carried over
into the SA model through Allocation, as defined in the
Arcadia methodology. This allows us to reuse these op-
erational elements while extending the model with new
system-specific components. In addition to the allocated
elements, the SA model introduces new subsystems such
as AIRCRAFT and AIRCRAFT_CONTROL_SPEED_SYS,
each associated with specific system functions (see Figure 9).

The PLAN_ATCO encompasses all the responsibilities re-
lated to monitoring and managing aircraft sequences. Ex-
isting activities—such as Monitoring_SEQ_LIST and Chang-
ing_SEQ_LIST—are preserved, while new functions—such
as Blocking_Time_Slot (which allows PLAN_ATCO to block
time slots) and Putting_Plane_On_Hold (which sends aircraft
to a holding zone)—introduce enhanced system capabilities.
The SA model also defines two types of constraints: initial
state constraints, denoted with “=”, and safety constraints, de-
noted with “:”. As explained previously for the OA model,
initialization constraints indicate the initial state of the com-
ponent before any system functions are executed. For ex-
ample, AMAN_TIMER has an initial state of "NotStarted,"
while AMAN_SYSTEM begins in the "Initialized" state. Once
the system actor’s functions are triggered during system op-
eration, its state may change according to the behavior de-
fined in the model. This reflects the dynamic evolution of
the system. The OA model captures the user’s need through
an operational process, and the SA model then defines the
corresponding system function via a functional chain. Fig-
ure 10 illustrates the functional chain "Putting a Plane On
Hold". The process begins with the AMAN_SYSTEM, which
initializes the system and generates the aircraft sequence list
through the activities AMAN_System_Initialization and Gen-
erating_SEQ_LIST. Once the sequence list is produced, the
PLAN_ATCO then monitors this sequence through Monitor-
ing_SEQ_LIST and, if necessary, decides to place a specific
aircraft on hold using the Putting_Plane_On_Hold function.
Finally, the Put_Plane_On_HOLD function is executed, indi-
cating that the AIRCRAFT has entered the holding phase.

Safety requirements outlined in section 6 are formalized
as Constraints attached to the relevant system components or
actors. To facilitate their transformation into Event-B, we define
a specific rule for identifying safety constraints: any Capella
constraint whose expression begins with a colon character “:”
is interpreted as a safety constraint. During transformation, such
constraints are automatically converted into safety invariants in
Event-B. A safety constraint must be prefixed with a colon (:)
and follow a strict pattern of logical implication:

: Antecedent >> Consequent

The » operator is intuitively used to mean “leads to” or “must
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Figure 9 AMAN System Analysis Model with Capella

Figure 10 Functional Chain for Putting a Plane on Hold in the SA Model
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result in,” representing a logical implication where if the An-
tecedent (a condition) holds, then the Consequent (a required
condition) must also be true. The purpose of a safety invariant
is to constrain the system’s state to ensure correctness or safety.
Therefore, the values of Antecedent and Consequent must be
composed of the states of the system actors. The allowed logical
operators are designed to be accessible to engineers without a
deep background in formal logic:

– Conjunction (&): The & symbol is used to specify that
multiple conditions must be true simultaneously. Example:
state_A & state_B.

– Disjunction (or): The keyword or is used to specify that
at least one of several conditions must be true. Example:
state_A or state_B.

– Negation (non()): The non() function is used
to specify the absence of a state. Example:
non(hazardous_state).

– Relational Operators: Standard comparisons (=,
≤, ≥) are used for numeric variables. Example:
numericValue_1 ≤ numericValue_2.

Requirement Req5 states: “If the aircraft’s label is being
moved (either up or down), then the target position must be
available to avoid conflicts.” This is modeled in Capella with
the following constraint:

: (label_UP or label_DOWN) » position_available

This expression is logically interpreted as: “If the state of the
ARRIVAL_LABEL is either label_UP OR label_DOWN, then
the state of the ARRIVAL_LABEL_POSITION MUST be
position_available.”

Requirement Req6 states: “If the aircraft’s label is being
moved (either up or down), then the target period must be avail-
able to avoid conflicts.” This is modeled in Capella with the
following constraint:

: (label_UP or label_DOWN) » period_available

This expression is logically interpreted as: “If the state of the
ARRIVAL_LABEL is either label_UP OR label_DOWN, then
the state of the TIME_PERIOD MUST be period_available.”

Requirement Req7 states: “Moving an aircraft label must not
require the aircraft to speed up beyond its maximum capacity.”
This is modeled in Capella with the following constraint:

: label_UP or label_DOWN » currentSpeed <= maxSpeed

This expression is logically interpreted as: “If the state of the
ARRIVAL_LABEL is either label_UP OR label_DOWN, then
the value of Var_currentSpeed MUST be less than or equal to
the value of Var_maxSpeed.”

Requirement Req8 states: “If the AMAN system is not op-
erational (no sequence list generated within 10 seconds), the
controller must be informed of the failure, and the landing
sequence preparation must be carried out manually.” This is
modeled in Capella with the following constraint:

: not(SEQ_LIST_Generated) & up_10 » System_Error &
ManualGeneration

This expression is logically interpreted as: “If the state of the
AMAN_SYSTEM is NOT in the state SEQ_LIST_Generated
AND the state of the AMAN_TIMER is up_10, then the state of
the AMAN_SYSTEM MUST be System_Error AND the state
of the PLAN_ATCO MUST be ManualGeneration.”
Since Capella models represent complex systems with critical
safety considerations, verifying safety properties is essential.
For instance, neglecting to verify Req8 poses significant risks.
The failure to promptly notify the PLAN_ATCo of an AMAN
malfunction may result in a lack of awareness regarding the
system’s status. Without manual intervention for landing se-
quence preparation, there is a heightened risk of uncoordinated
air traffic, potential conflicts, and compromised safety.

6.2. Transformation Mapping Rules and AMAN Event-B
Model Generation

6.2.1. Operational Analysis to Event-B Transformation:

a. Mapping of OA Model: To ensure traceability between the
Capella OA model and its formal representation in Event-B, a
detailed mapping was established. This mapping translates the
structural and behavioral constructs of the OA model into the
formal components of Event-B. In the Capella OA model, each
operational actor or entity (e.g., PLAN_ATCO, EXEC_ATCO,
AMAN_SYSTEM, etc.) interacts with others through activi-
ties and exchanges that define the system’s dynamic behavior.
These actors and entities are represented in Event-B as SETS,
with each element corresponding to a possible operational state
of the actor or entity. Each actor or entity in Capella is also
represented by a variable in Event-B (e.g., Var_PLAN_ATCO,
Var_EXEC_ATCO, Var_AMAN_SYSTEM), which holds the
actor’s current state. The initial state constraints (marked with
“=”) in Capella correspond to the INITIALISATION clause in
Event-B, defining each component’s initial state. For exam-
ple, the constraint with value "= Idle_EXEC_ATCO" linked to
EXEC_ATCO in Capella is transformed into Event-B as: (e.g.,
Var_EXEC_ATCO := Idle_EXEC_ATCO). In addition, for
each variable, a typing invariant is automatically added in the
INVARIANTS clause to specify that the variable belongs to its
corresponding set (e.g., Var_EXEC_ATCO ∈ EXEC_ATCO).
In the OA model, each system actor or entity performs sev-
eral operational activities that interact through operational ex-
changes. Each activity has input exchanges, which indicate
the current operational state of that actor. Consequently, each
Event-B set defines all possible states that an actor or entity
can occupy. In the OA model, the EXEC_ATCO system actor
performs four operational activities: Monitoring_Advisories, En-
suring_Distance_Separation, Ensuring_Flight_Positions, and
Providing_Clearances_Pilots. Each activity has an input op-
erational exchange, which defines the actor’s state when the
activity is executed. These exchanges are therefore transformed
into the values of the EXEC_ATCO set in Event-B. During the
transformation, these input operational exchanges are mapped
to state values in the corresponding Event-B sets as described
in Table 3 below.
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EXEC_ATCO State Origin in OA Model Description

Idle_EXEC_ATCO Initial constraint Initial state of EXEC_ATCO before performing any
activity

Observing_Advisories Input exchange of Monitor-
ing_Advisories activity

EXEC_ATCO is monitoring advisories received from
AMAN_SYSTEM

EnsuringSafeGaps Input exchange of Ensur-
ing_Distance_Separation activity

EXEC_ATCO ensures separation gaps between air-
craft

CoordinatingPositions Input exchange of Ensur-
ing_Flight_Positions activity

EXEC_ATCO coordinates flight positions among air-
craft

IssuingClearances Input exchange of Provid-
ing_Clearances_Pilots activity

EXEC_ATCO issues clearances to pilots after coordi-
nation

Table 3 Mapping of EXEC_ATCO System Actor States from Capella OA to Event-B

In the OA model, each operational activity represents a unit
of system behavior performed by an actor or entity. In our
transformation approach, these activities are mapped to events
in Event-B, following the flow of operational interactions that
define their data and control exchanges. Consider the following
example with three entities: Entity 1, Entity 2, and Entity 3,
where:

– Entity 1 performs the activity Activity_1,
– Entity 2 performs the activity Activity_2,
– Entity 3 performs the activity Activity_3.

There is an operational interaction called interaction12 between
Activity_1 and Activity_2, and another interaction called inter-
action23 between Activity_2 and Activity_3.

Activity_1 interaction12−−−−−−−→ Activity_2 interaction23−−−−−−−→ Activity_3

During the transformation:

– The action (or post-condition) of the Event-B event cor-
responding to Activity_3 is derived from its input opera-
tional interactions. In this case, the input to Activity_3 is
interaction23, which becomes the event’s post-action.

– The guard (or pre-condition) are derived by tracing back
through the activities that generate the inputs of our current
activity, and taking their own inputs to establish the neces-
sary pre-conditions. Since interaction23 originates from
Activity_2, we then take the input of Activity_2 — here
interaction12 — as the guard for the event corresponding
to Activity_3.

Table 4 shows how these activities are transformed in Event-B.
To illustrate this process, let us consider the Generat-
ing_SEQ_LIST activity of the AMAN_SYSTEM entity.
a. Action (Post-State):
In the OA model, the Generating_SEQ_LIST activity receives
several input operational exchanges, all associated with the
value “SEQ_LIST_Generated”. This value indicates the result-
ing state of the AMAN_SYSTEM once the activity has com-
pleted—that is, the AMAN system has generated the sequence

list. Accordingly, in Event-B, this value becomes the action (or
post-state) of the event:

Var_AMAN_SYSTEM := SEQ_LIST_Generated

This expresses that, after executing the event, the variable
representing the AMAN system transitions into the state
SEQ_LIST_Generated.
Guards (Preconditions):
To define the guards of the event, we examine where the input
operational exchanges originate. Each input is linked to another
activity, and these activities determine the conditions under
which the Generating_SEQ_LIST activity can be executed. For
this activity, there are three input exchanges:

– From Monitoring_Time (by AMAN_TIMER): Exe-
cutable if Var_AMAN_TIMER = under_equal_10 (input
provided by Monitoring_Time).

– From Providing_Flight_Data (by
FLIGHT_DATA_SOURCE): Executable if
Var_FLIGHT_DATA_SOURCE = Data_Generated
(input coming from Providing_Flight_Data).

– From AMAN_System_Initialization (by
AMAN_SYSTEM): This activity has no input ex-
changes and is therefore not considered a guard condition.

These conditions define the guards of the event in Event-B:

Var_AMAN_TIMER = under_equal_10 &

Var_FLIGHT_DATA_SOURCE = Data_Generated

This event formalizes the behavior of the Generating_SEQ_LIST
activity: it can occur only when the AMAN timer shows that
ten seconds or less have elapsed and valid flight data has been
generated. When these conditions are met, the AMAN system
transitions to the state SEQ_LIST_Generated. The same trans-
formation logic is systematically applied to all other operational
activities in the OA model. If an operational activity has no
input interactions, it does not affect the system state or behav-
ior, since the inputs determine the actions of the corresponding
Event-B event. Consequently, creating an Event-B event for
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OA Element Event-B Element Description

Operational Activity Event Each activity in Capella becomes an event in Event-B

Input Operational Exchanges Action (Post-State) The common input value shared by all input exchanges defines
the new state of the entity after the activity executes

Source Activities of Inputs Guards (Preconditions) The conditions for executing the event are determined by the
inputs of the activities that generate its input exchanges

Table 4 Mapping of OA Activities to Events in Event-B

such an activity is unnecessary, as the event would have no
actions and its execution would not affect the system. Therefore,
only activities with inputs should be transformed into Event-B
events.

b. Event-B Generation of OA Model: Once the mapping be-
tween Capella OA elements and Event-B constructs was estab-
lished, the next step was to automatically generate the corre-

sponding Event-B code. For this purpose, we used the Acceleo
Model-to-Text (M2T) transformation tool, which enables code
generation based on predefined templates. These templates de-
fine how each Capella element—such as operational entities,
activities, and exchanges—is translated into Event-B constructs,
including variables, invariants, and events. The generation pro-
cess begins by parsing the OA model elements and applying the
previously described mapping rules.

Figure 11 Acceleo Template for Generating the Event-B Model from the OA Model

18 Khaoula Bouba et al.24



Figure 12 Extract of the generated Event-B Model from the OA Model

For example, each Operational Entity in Capella is transformed
into a corresponding Event-B set, while Operational Activities
are translated into Events with associated guards and actions,
as detailed in the previous section. Figure 11 shows an excerpt
from an Acceleo template used to generate the complete Event-
B model from the OA model. The result of this automated
transformation is illustrated in Figure 12, which presents the
generated Event-B model corresponding to the OA level.

6.2.2. System Analysis to Event-B Transformation:

a. Mapping of SA Model: In the System Analysis (SA) model,
each functional component, exchange, and interaction specifies
the internal behavior and information flow of the system. These
elements are systematically mapped to corresponding Event-B
constructs, thereby preserving both structural and dynamic as-
pects while enabling formal verification. Each system actor in
the SA model (such as PLAN_ATCO, AMAN_SYSTEM, AIR-
CRAFT, and ARRIVAL_LABEL_POSITION) is represented
as a set in Event-B, and each element of the set corresponds
to one of the system actor’s states. The values of each set are
systematically derived from the system functions and functional
exchanges defined within the corresponding system actor in
the SA model. In Capella, each system actor encapsulates a
collection of system functions that describe its internal behavior
and interactions. The execution of these functions is connected
through functional exchanges, which represent the data or con-
trol flows that trigger transitions from one function to another.
During the transformation, these functional exchanges are used

to identify the states of each actor. Specifically, the input func-
tional exchange of a system function indicates the state of the
actor when that function is activated. Therefore, each distinct
input exchange corresponds to a unique state of the actor. By
analyzing all the system functions contained within an actor
and collecting the inputs to each function, we can determine
the complete set of operational states that the actor can occupy.
This process can be illustrated through the AIRCRAFT system
actor. The AIRCRAFT actor includes four system functions:
Put_PLane_On_HOLD, Plane_UNSTABLE, Plane_STABLE,
and Plane_FREEZED. Each of these functions has a unique in-
put functional exchange that defines the state of the aircraft
when the function is executed. For example, the input of
Plane_UNSTABLE is unstable, the input of Plane_STABLE
is stable, the input of Plane_FREEZED is freezed, and the input
of Put_Plane_On_HOLD is hold. Consequently, the possible
states of the AIRCRAFT component are derived as the set:

AIRCRAFT = {unstable, stable, freezed, hold}

Table 5 below summarizes the sets generated from the SA
actors, including the values derived from the model and a brief
explanation of their meaning.
For each of these system actors, a variable is intro-
duced in Event-B to represent its current state (e.g.,
Var_PLAN_ATCO, Var_AMAN_SYSTEM, Var_AIRCRAFT,
and Var_ARRIVAL_LABEL_POSITION). A typing invariant
is automatically added to the INVARIANTS clause to ensure
that each variable belongs to its corresponding set, for example,
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Original SA Component Event-B Set Set Elements Description
PILOT PILOT {Operating_Aircraft, Adjust-

ing_Aircraft, SendingACK, Re-
ceivingClearances}

Operating_Aircraft: operating the aircraft manu-
ally; Adjusting_Aircraft: adjusting the aircraft’s
flight parameters; ReceivingClearances: receiv-
ing instructions from the controller; SendingACK:
sending acknowledgments to confirm received in-
structions

FLIGHT_DATA_SOURCE FLIGHT_DATA_SOURCE {Ready, Data_Generated,
Data_Validated}

Ready: the data source is initialized and ready to
produce flight data; Data_Generated: flight data
has been successfully produced; Data_Validated:
generated data has been checked and validated

AMAN_SYSTEM AMAN_SYSTEM {Initialized, SEQ_LIST_Generated, Ad-
visories_Generated, timeSlotReleased,
positionStateReleased, System_Error}

Initialized: system ready; SEQ_LIST_Generated:
sequence list generated; Advisories_Generated:
advisories provided to controllers; timeSlotRe-
leased: indicates that the system has acted to re-
lease a time slot for aircraft sequencing; position-
StateReleased: indicates that the system has acted,
releasing a position for aircraft sequencing; Sys-
tem_Error: internal failure detected

PLAN_ATCO PLAN_ATCO {Idle_ATCO, changing_zoom, Observ-
ing_SEQ_LIST, putting_onHold, Ad-
justing_SEQ_LIST, ManualGeneration,
blocking_slot}

Idle_ATCO: controller in an inactive or standby
state; changing_zoom: adjusting the display
zoom level of the sequencing interface; Observ-
ing_SEQ_LIST: monitoring the sequence list;
putting_onHold: placing an aircraft on hold; Ad-
justing_SEQ_LIST: modifying the sequence list
manually; ManualGeneration: manually gener-
ating sequence or advisory data; blocking_slot:
marking a specific time slot as unavailable

ARRIVAL_LABEL_POSITION ARRIVAL_LABEL_POSITION {position_blocked, position_available} position_blocked: the arrival position is currently
occupied or unavailable; position_available: the
arrival position is free and can be assigned to an
aircraft

AIRCRAFT AIRCRAFT {unstable, stable, freezed, hold} unstable: both its position in the sequence and its
runway assignment may change; stable: its posi-
tion in the sequence may change, but its runway
assignment is fixed; freezed: its sequence position
and runway assignment are both fixed, so no fur-
ther changes are expected; hold: It is temporarily
held, waiting for clearance or further sequencing

EXEC_ATCO EXEC_ATCO {Idle_EXEC_ATCO, IssuingClearances,
Observing_Advisories, EnsuringSafe-
Gaps, CoordinatingPositions, Resum-
ing_Hold_Flights}

Idle_EXEC_ATCO: controller temporarily inac-
tive; Observing_Advisories: monitoring advi-
sories generated by the system; IssuingClear-
ances: sending clearances to aircraft; Ensur-
ingSafeGaps: verifying that minimum separation
between aircraft is maintained; CoordinatingPo-
sitions: managing aircraft positions to optimize
sequencing; Resuming_Hold_Flights: allowing
aircraft on hold to continue their sequence

AMAN_TIMER AMAN_TIMER {NotStarted, up_10, under_equal_10} NotStarted: the timer has not yet started; up_10:
the timer has counted up to 10 seconds; un-
der_equal_10: the timer is currently at or below
10 seconds

ARRIVAL_LABEL ARRIVAL_LABEL {displayed, label_DOWN, label_UP} displayed: the label is shown on the timeline at
its current position; label_DOWN: the aircraft la-
bel is being moved downward on the timeline, to
decrease its scheduled landing time; label_UP:
the label is being moved upward to increase its
scheduled landing time

TIME_PERIOD TIME_PERIOD {period_blocked, period_available} period_blocked: the time slot is not available for
aircraft assignment; period_available: the time
slot is free and can be assigned to an aircraft

Table 5 Sets of the SA Model with Values and Descriptions

Var_AIRCRAFT ∈ AIRCRAFT. Additionally, if a system ac-
tor specifies a constraint whose value begins with “=”, this value
designates the initial state of the actor in the Capella model. As a

result, the specified value is included as an element of the corre-
sponding Event-B set and is also used in the INITIALISATION
clause of the generated Event-B model. For instance, if the con-
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straint “= unstable” is associated with the AIRCRAFT actor, the
value "unstable" is added to the AIRCRAFT set and used to ini-
tialize the variable as follows: (Var_AIRCRAFT := unstable).
In Event-B, an invariant is a logical condition that must be main-
tained throughout system execution. Invariants are expressed as
general logical predicates that constrain the system’s state. A
common pattern, particularly for safety or consistency proper-
ties, is the conditional form P1 ⇒ P2—that is, “if a certain situ-
ation holds, then a safety condition must also hold”. This struc-
ture is frequently used to express causal or dependency relation-
ships between system states, ensuring that specific conditions
result in safe or valid configurations. Numerical or behavioural
invariants, on the other hand, typically involve inequalities or
relational expressions (such as currentSpeed ≤ maxSpeed)
to constrain quantitative properties or behaviors of the system.
These predicates may involve variables, logical operators (∧, ∨,
¬ ), and relational comparisons (=, ≤, ≥) to precisely define
these properties. The following rules are systematically applied
throughout the translation process.

1. Implication: The » operator is mapped to the logical
implication symbol ⇒ in Event-B.

2. Logical Operators:

– The conjunction operator & is mapped to the logical
AND symbol ∧.

– The disjunction keyword or is mapped to the logical
OR symbol ∨.

– The negation function non(S) is mapped to the in-
equality symbol ̸=.

3. State Predicates: A reference to a state S is transformed
into an equality predicate involving the corresponding
Event-B variable and its enumerated set.

– Mapping Rule: state_value is mapped to the ex-
pression Var_SET = state_value

– The correct SET is determined from the model’s
typing information. For example, the state
value Adjusting_SEQ_LIST belongs to the
PLAN_ATCO set, so it becomes Var_PLAN_ATCO =
Adjusting_SEQ_LIST.

The following examples demonstrate the application of these
transformation rules to all defined safety requirements.
Input (Capella Constraint for Req5)

: (label_UP or label_DOWN) » position_available

Output (Event-B Invariant for Req5)

inv1 — (Var_ARRIVAL_LABEL =
label_UP ∨ Var_ARRIVAL_LABEL = label_DOWN) =⇒
Var_ARRIVAL_LABEL_POSITION = position_available

Input (Capella Constraint for Req6)

: (label_UP or label_DOWN) » period_available

Output (Event-B Invariant for Req6)

inv2 —
(Var_ARRIVAL_LABEL = label_UP ∨ Var_ARRIVAL_LABEL =

label_DOWN) =⇒ Var_TIME_PERIOD = period_available

Input (Capella Constraint for Req7)

: label_UP or label_DOWN » currentSpeed <= maxSpeed

Output (Event-B Invariant for Req7)

inv3 — Var_ARRIVAL_LABEL =
label_UP ∨ Var_ARRIVAL_LABEL = label_DOWN

=⇒ Var_currentSpeed ≤ Var_maxSpeed

Input (Capella Constraint for Req8)

: not(SEQ_LIST_Generated) & up_10 » System_Error &
ManualGeneration

Output (Event-B Invariant for Req8)

inv4 — Var_AMAN_SYSTEM ̸=
SEQ_LIST_Generated ∧ Var_AMAN_TIMER = up_10

=⇒ Var_AMAN_SYSTEM = System_Error ∧ Var_ATCO =
ManualGeneration

Following the transformation, Table 6 provides a summary
of each requirement and its corresponding invariant.

Requirement (Capella) Invariant (Event-B)

Req 5 inv1

Req 6 inv2

Req 7 inv3

Req 8 inv4

Table 6 Summary of Requirements and Invariants

In the SA model, each system function represents a distinct
behavior or capability of the system. In our transformation
approach, system functions are systematically translated into
events in Event-B. This transformation logic relies on the func-
tional exchanges associated with each system function, which
define the data flows between functions. For example, con-
sider three system functions: Function_1, Function_2, and
Function_3. Suppose there is a functional exchange called ex-
change12, connecting Function_1 and Function_2, and another
exchange, exchange23 connecting Function_2 and Function_3.

Function_1
exchange12−−−−−−→ Function_2

exchange23−−−−−−→ Function_3

The mapping process follows these principles:

– The action of the Event-B event corresponding to
Function_3 is derived from its input functional ex-
changes. In this case, Function_3 receives exchange23
as input, which determines the event’s post-action.

– The guards are obtained by tracing backward through
the activities that generate the inputs of the current ac-
tivity. The inputs of these preceding activities serve as
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SA Element Event-B Element Description

System Function Event Each system function in Capella becomes an Event-B event

Input Functional Exchanges Action (Post-State) The common value of all input functional exchanges defines
the new system state after executing the function

Source Functions of Inputs Guards (Preconditions) The conditions under which the current event can occur are
determined by the inputs of the functions that produce its
input exchanges

Table 7 Mapping of SA Functions to Event-B

the required preconditions. Since exchange23 comes
from Function_2, the input of Function_2—namely,
exchange12—is used as the guard for the event corre-
sponding to Function_3.

Table 7 summarizes the mapping of system function elements
to Event-B. To illustrate this process, let us consider the sys-
tem function Moving_Label_DOWN of the ARRIVAL_LABEL
system actor.
Action (Post-State): This function receives several input func-
tional exchanges, all carrying the value label_DOWN. This
means that, once the function executes, the arrival label vari-
able is updated to reflect the label’s movement downward on
the timeline. Accordingly, in Event-B, the post-state action is
defined as follows:

Var_ARRIVAL_LABEL := label_DOWN

Guards (Preconditions): The guards for the corresponding
event are determined by the sources of the input functional
exchanges. For Moving_Label_DOWN, the input exchanges
originate from two different functions:

– From Opening_Label_Position (by AR-
RIVAL_LABEL_POSITION component): Ex-
ecutable if Var_ARRIVAL_LABEL_POSITION =
position_available (input coming from Open-
ing_Label_Position).

– From Opening_Time_Period (by TIME_PERIOD
component): Executable if Var_TIME_PERIOD =
period_available (input received from Open-
ing_Time_Period).

The Event-B guards for this event are therefore:

Var_ARRIVAL_LABEL_POSITION = position_available &
Var_TIME_PERIOD = period_available

This event formalizes the behavior of the Moving_Label_DOWN
system function: the arrival label can be moved down in the
sequence list only if both time period and position are avail-
able, meaning another flight does not occupy them. In con-
trast, system functions without input exchanges—such as Ini-
tialize_Flight_Data_Source—are not transformed into events,
because the actions of an Event-B event are determined by the
function’s inputs (which define the event’s post-state). Thus,
creating an Event-B event for such functions is pointless, as

it would have no impact on the system state. Therefore, only
system functions that receive input exchanges are transformed
into Event-B events.

Figure 13 illustrates the correspondence between a seg-
ment of the SA model in Capella and its formal representa-
tion in Event-B. On the right-hand side, the Capella model dis-
plays the system actors—AMAN_SYSTEM, PLAN_ATCO,
and AIRCRAFT—together with their internal system func-
tions and the functional exchanges between them. On the
left-hand side, the corresponding Event-B model formalizes
these Capella elements. The SETS clause defines the possi-
ble states of the aircraft as AIRCRAFT = {frozen, stable,
unstable, hold}. These values are derived from the data
exchanged between system functions, which serve as the in-
puts of the functions within the AIRCRAFT system actor. The
VARIABLES clause introduces Var_AIRCRAFT, represent-
ing the current state of the aircraft, while the INVARIANT
ensures that this variable always belongs to the defined set,
i.e., Var_AIRCRAFT ∈ AIRCRAFT. The INITIALISATION
clause sets the initial state of the aircraft to unstable, a value
extracted from the constraint (defined using the “=” symbol)
associated with the AIRCRAFT actor. In the EVENTS sec-
tion, the mapping of one system function, Plane_FREEZED, is
presented. This event models the transition that occurs when
the AMAN_SYSTEM generates a sequence list, represented
in the guard of the event by the expression Var_AMAN_SYSTEM
= SEQ_LIST_Generated. Once this condition holds, the air-
craft’s state changes from unstable to freezed, expressed as
the event’s post-action Var_AIRCRAFT := freezed.

b. Event-B Generation of SA Model: Once the mapping be-
tween the Capella SA elements and the corresponding Event-B
constructs was defined, the next phase focused on automati-
cally generating the Event-B specification. This automation was
achieved using the same Model-to-Text (M2T) transformation
tool, Acceleo, which relies on predefined templates. These tem-
plates formally describe how each Capella construct—such as
system actors, system functions, and functional exchanges—is
systematically converted into the corresponding Event-B ele-
ments, including sets, variables, invariants, and events. The
generation process begins by parsing the SA model to extract its
constituent elements and then applying the previously defined
mapping rules to each element type. For example, system actors
in Capella are transformed into SETS in Event-B, represent-
ing the possible states of those actors, while system functions
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Figure 13 Mapping Between The SA Model in Capella and its Corresponding Event-B Representation

are translated into EVENTS, capturing their dynamic behavior
and interactions. An excerpt of the Acceleo template used for

this transformation is shown in Figure 14, demonstrating the
structure and rules embedded in the M2T process. The resulting

Figure 14 Acceleo Template for Generating the Event-B Model from the SA Model
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