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1 Introduction

1.1 Release information

[Eu.Doc.29]
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version number: 1.4 (1.A)
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version number: 1.6 (0.A)
date: 18.11.2021
author: Randolf Berglehner

review: Dennis Kunz, Filip Giering, Felix Auris
changes: complete revision due to further development of the methodology.  

version number: 1.7 (0.A)
date: 24.02.2022
author: Randolf Berglehner

review: CCB, UNIFE, Felix Auris
changes: Incorporation of the CCB and UNIFE notes. Integration of trigger ports and views of the technical viewpoint at abstraction level AL2. 

version number: 1.7 (1.A) 
date: 12.04.2022
author: Randolf Berglehner

review: ---
changes: Synchronisation of the content of Eu.Doc.30 and Eu.Doc.29 - Baseline for CCB review BL4R1.

version number: 2.0 (0.A) 
date: 02.05.2022
author: Randolf Berglehner

review: CCB
changes: CCB comments incorporated. Baseline approved by CCB.

1.2 Impressum

Publisher:
EULYNX Initiative
A full list of the EULYNX Partners can be found on www.eulynx.eu/index.php/members.

Responsible for this document:
EULYNX Project Management Office
www.eulynx.eu

Copyright EULYNX Partners
All information included or disclosed in this document is licensed under the European Union Public Licence EUPL, Version 1.1.

1.3 Purpose

This document explains the methodology introduced in the document Modelling Standard [Eu.Doc.30] and the language elements of the System Modeling Language (SysML). The document is written with the purpose to enable the 
reader of model-based requirements to interpret the requirements to be implemented, without having to acquire detailed knowledge of the SysML language.

In order to avoid complexity, the language scope of the UML/SysML is restricted for the purpose of this document. More detailed explanations of the methodology used and the syntax and semantics of the SysML elements used can 
be found in the documents Modelling Standard [Eu.Doc.30], the SysML specification [ http://www.omg.org/spec/SysML/1.3/] or the UML specification [ http://www.omg.org/spec/UML/2.5]. 

Unlike the EULYNX specification documents, this document does not have an extra "Type" column to save space. A column "Type" is not necessary because all objects, apart from the headings, are of the type "Info". This means 
that the entire content is to be understood as information.

1.4 Objectives of the model-based requirements definition

The model-based requirements definition is used to:

⦁ enable a continuous CENELEC-compatible top-down specification of a (sub)system (refinement of the requirements across different abstraction levels)

⦁ describe the functional requirements of a (sub)system or an interface operationally and therefore suitable for simulation, i.e. testable in a uniform format

⦁ support achieving consistency, non-ambiguity and completeness of the requirements as far as possible

⦁ allow for the testing by simulation of the functional requirements of a (sub)system or an interface already during the specification phase (moving error detection to the specification phase)

⦁ support the generation of (sub)system or interface test cases from the requirements specification

1.5 Boundary conditions of modelling
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The functional system requirements are described in a consistent, non-ambiguous and compact form using the standardised semiformal language SysML. The SysML model elements and their interaction are to be understood as a 
means of describing the system requirements and not as implementation specifications. They are to be implemented with regard to their semantics. The type of representation and the underlying methodology sometimes differs 
from common text-based specifications. However, the requirements can be further processed into functional specifications and products in accordance with the tested processes.

1.6 Applicable standards and regulations

A list of applicable standards and regulations used in EULYNX is listed in the EULYNX Reference Document List [Eu.Doc.12].

1.7 Terms and abbreviations

The terms and abbreviations are listed in the EULYNX Glossary [Eu.Doc.9].

1.8 Related documents

The current versions of documents used as input or related to this document are listed in the EULYNX Documentation Plan [Eu.Doc.11]. The relationships between the documents are displayed in the Appendix A1 Documentation 
plan and structure [Eu.Doc.11_A1].

⦁ Modelling Standard [Eu.Doc.30]

2 General structure of the requirement specifications

Following the definitions of the EULYNX MBSE Specification Framework (MBSE SF) [Eu.Doc.30], the functional system requirements are described in the form of a SysML model of the abstract solution of a

⦁ System/Subsystem under Specification (SUS) or

⦁ System/Subsystem Interface under Specification (SIUS).

The Architecture Model MBSE (AM MBSE) as vital part of the MBSE SF facilitates the seamless, modelbased description of a SUS or a SIUS from three core viewpoints namely

⦁ Functional Viewpoint,

⦁ Logical Viewpoint and

⦁ Technical Viewpoint

and with varying degrees of granularity.

A SUS or SIUS description from a specific viewpoint and with a specific degree of granularity is called a view (or model view). A view is represented by one or multiple SysML diagrams.

The viewpoints describe a SUS or a SIUS with respect to different stakeholder concerns. However, these descriptions may vary in their degree of granularity. For complex systems in particular, it is reasonable to start with rather 
high-level descriptions. Once these high-level descriptions have been created, these views are typically refined and detailed step by step. Therefore, AM MBSE supports views with different degrees of granularity i.e. views at 
different abstraction levels (AL).

Following CENELEC (EN 50126) and the System engineering process [Eu.Doc.27], in the current models the following two abstraction levels of the AM MBSE are applied:

⦁ AL1: Subsystem/Interface Definition,

⦁ AL2: Subsystem/Interface Requirements 

Viewpoint, abstraction level and view name are made evident in the header of the diagram representing a certain view.

Examples:

⦁ The view “Functional Context” depicted in Figure 1 describing a certain aspect of system element Subsystem Light Signal by a SysML use case diagram (uc) belongs to the “Functional Viewpoint” and has the granularity of 

abstraction level AL1 (Subsystem Definition).

⦁ The view “Functional Architecture” depicted in Figure 1 describing a certain aspect of system element Subsystem Light Signal by a SysML internal block diagram (ibd) belongs to the “Functional Viewpoint” and has the granularity of 

abstraction level AL2 (Subsystem Requirements).
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Figure 1 Structure of the diagram headings 

2.1 Binding nature of the requirements and their structuring

The SUS and SIUS SysML models are stored in the repository of the modelling tool. Relevant artefacts of them are depicted in a traceable manner as surrogates in the requirement specification documents in the form of atomic 
referenceable functional SUS or SUIS requirements.

Each of these atomised requirements is assigned a liability in the form of an object type. A distinction is made between the object types "Req", "Def", "Info" and "Head".

⦁ "Req": This denotes a mandatory requirement.

⦁ "Def": 

1) Denotes the definition of a model element such as a block property or an operation, i.e. the algorithm described in the operation, which, when used in a requirement with the object type "Req", is also to be classified with this 
binding. This may be the case, for example, in the generation of a stimulus-response pair described by a state transition, a sequence of state transitions or an algorithm defined in a block operation.

2) Denotes the definition of a model element such as a state diagram that forms the semantic environment of a requirement with the object type "Req" such as a state transition and is also to be classified with the binding "Req" 
in connection with that requirement.

3) Denotes the definition of a model element which, if it becomes a mandatory requirement in the refined state, is also to be classified as mandatory in connection with that requirement. An example of this is a signal that 
represents an information object and is refined into a telegram classified with the "Req" binding. The telegram inherits the semantics of the information object, so to speak.

Please note: For the first release of EULYNX Baseline Set 4, the requirement type "Def" has the character of the requirement type "info".

⦁ "Info": This denotes additional information to help understand the specification. These objects do not specify any additional requirements. 

⦁ "Head": This denotes chapter headings.

Please note: The bindings assigned to each model view in this document can be adjusted on a project-specific basis. Thus, the bindings assigned in the specifications always apply. 

A functional requirement consists of the respective SysML model element, for instance a SysML diagram, and if necessary, an additional extension of it.

For this reason, functional requirements have two attributes "Requirement Part 1" and "Requirement Part 2", which are shown in adjacent columns (see Figure 2).

In "Requirement Part 1" the respective SysML model element is listed and in "Requirement Part 2" the corresponding extension is shown. Column 'Type' defines the bindingness of the requirement and applies normally both to 
"Requirement Part 1" and "Requirement Part 2".

In the case of requirements with a binding character "Req", in which the "Requirement Part 2" is provided with the heading "Info", the defined binding character "Req" only applies to "Requirement Part 1".   
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Figure 2 "Requirement Part 1" and "Requirement Part 2" as shown in the requirement specifications.

ID Type Requirement Part 1 Requirement Part 2 

Eu.LS.4687 Req Cd_Indicate_Signal_Aspect Command (Cd) from the Subsystem 

- Electronic  Interlocking to the 

Subsystem - Light Signal to indicate  

the transmitted Signal Aspect. 

 

Just this partition of requirements is applied throughout the entire requirement specification document regardless of whether a requirement has its origins in the SUS or SIUS model or it is for example a text-based nonfunctional 
requirement manually added.

In the following chapters of this document, the SUS/SIUS views represented by the diagrams used in the model are explained. For each model element a rule is provided that defines how the element is to be interpreted as a 
requirement. Chapter 4 concentrates on the model views used to specify the EULYNX subsystems and chapter 5 the ones to define standard communication interfaces. The model views for the description of functional entities (FE) 
and technical functional entities (TFE) used for both the specification of EULYNX subsystems and EULYNX interfaces are defined in chapter 6.

As a prerequisite, chapter 3 defines needed underlying methodology based on [Eu.Doc.30], which is used in the abstraction levels.

3 Concept of model-based requirements

This chapter reflects necessary parts of the methodology defined in [Eu.Doc.30] and the rationale for the structure of the requirements in order to enable the correct interpretation of the current EULYNX specifications.

3.1 Basic characteristics of model-based requirements

User requirements are a model of the problem domain and define the results that the users want. 

System requirements (functional and nonfunctional) are a model of an abstract solution of the future SUS or SIUS and must be defined completely, correctly and consistently satisfying the user requirements. This has to be 
approved by means of verification and validation of the specification results.

In order to support this verification and validation effort in the best possible way and keep the specification comprehensible for engineers, the EULYNX specification approach follows the objective of describing the functional system 
requirements of a SUS/SIUS in the form of an operational specification.

An operational specification of a functional system requirement is a specification of a set of reproducible operations that can be executed by different stakeholders to find out whether or not the functional system requirement is 
present in the specification of a SUS or SIUS. 

For an operationally specified functional system requirement, there is a test that all stakeholders can perform and agree on the outcome - either the SUS or SIUS to be specified does or does not satisfy this requirement.

The command control and signalling (CCS) systems currently specified in EULYNX are reactive systems and characterised by the constant interaction and synchronisation between the system and its environment.

A reactive system, when switched on, engages in stimulus-response-behaviour in order to create desirable effects in its environment. For that reason, the EULYNX methodology proposes the specification of the functional system 
requirements in stimulus-response form. Stimulus-response specifications are an important class of operational specifications.

A stimulus-response specification has the form

s AND C = > r

where s is a stimulus, C is a condition on the system state, and r is a response. The design process consists of decisions about r. 

In a nutshell, whenever a stimulus occurs there will be a corresponding response. The kind of response depends on the condition on the state of the system. Please note: this is also said to be a response if a stimulus occurs and the 
system "keeps quiet".

A single stimulus-response pair is henceforth also referred to as an interaction.
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An interaction is generally formulated according to the following schema comprising four action steps: 

Interaction:
I. - The SUS or SIUS receives a stimulus.
II. The SUS or SIUS validates the stimulus.
III. The SUS or SIUS changes its internal state (or not).
IV. The SUS or SIUS responds with the result (Please note: a result may also be that the SUS or SIUS "keeps quiet").

However, there may be more than four action steps applied or fewer (see ID 358). 

An interaction always starts with the stimulus identified by a dash "-" (see step I in ID 355 above). A stimulus may have its origin  

⦁ in the request of a primary actor (a primary actor is an actor in the environment of the SUS or SIUS who requires a service from it),

⦁ in a timed trigger,

⦁ in an intrasystem event (that is, an event that occurs in the system) or

⦁ in the entering or leaving a system state.

Interactions may be extended to contracts. 

The central idea of contracts is a metaphor on how the SUS or SIUS and the actors collaborate on the basis of mutual obligations and benefits. Having written functional requirements in the style of interactions, those contracts
can easily be obtained - interactions together with pre- and postconditions.

If a SUS or SIUS provides a certain functionality, it may
a) expect a certain condition to be guaranteed on entry by an actor that sends the request: the precondition of the interaction - an obligation for the actor, and a benefit for the SUS or SIUS, as it relieves it from having to 
handle the cases outside of the precondition.
b) guarantee a certain property on exit: the postcondition of the interaction - an obligation for the system, and obviously a benefit (the main benefit of the request) for the actor.

The following applies for preconditions and postconditions in this context:
a) The interaction may only be triggered by the actor if the precondition is met; this presupposes that the actor knows the current system condition,
b) The system must ensure in turn that the postcondition is met after the completion of the interaction. If no explicit postcondition has been defined (indicated by three dashes "---"), the requirement applies that the 
postcondition is identical to the precondition.

A contract is formulated according to the following schema:

Precondition:
Definition of the precondition

Interaction:
I. - The SUS or SIUS receives a stimulus.
III. The SUS or SIUS changes its internal state (or not).
IV. The SUS or SIUS responds with the result (Please note: a result may also be that the SUS or SIUS "keeps quiet").

Postcondition:
Definition of the postconditions

Alternatively to this, functional system requirements may be written without using contracts. In these cases it can not be assumed that the actor knows the current SUS or SIUS condition and complies with the precondition. 
The preconditions of the interactions are empty and the SUS or SIUS must first check on itself whether the preconditions are met before responding to the stimulus. The above schema is modified as follows (see text in italics):

Precondition:
---
Interaction:

I. - The SUS or SIUS receives a stimulus.
II. The SUS or SIUS validates the stimulus considering the current internal state.
III. The SUS or SIUS changes its internal state (or not).
IV. The SUS or SIUS responds with the result (Please note: a result may also be that the SUS or SIUS "keeps quiet").

Postcondition:
Definition of the postconditions
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In those cases, the check may fail in the second step. From this step on, a different internal condition might need to be entered and a different response might need to take place. Variants of the interaction would therefore have 
to be considered.

3.2 Basic description methods of model-based requirements 

Interactions and contracts, as defined above, provide the basic schemata for the model-based description of functional system requirements in stimulus-response form. Depending on the abstraction level two model-based 
description methods are used:

⦁ Interaction scenarios are used at abstraction level AL1 System Definition defining the interaction of the subsystem with its environment. 

⦁ State machines are used at abstraction level AL2 System Requirements completely refining the externally visible stimulus-response behaviour described by means of the interaction scenarios at abstraction level AL1 System 

Definition. 

These two model-based description methods will be demonstrated defining the functional system requirements of a simple system based on the functional user requirements (FUR) listed below:

FUR1: The user wants to switch on the light by pressing a button if the light is off,

FUR2: The user wants the light to be switched off automatically after a defined time.

   

As shown in figure 3 the SUS named "System" is connected to the two actors "Light" and "Button" in the environment.

Figure 3 Simple system

According to the functional user requirements described above the SUS is required to fulfil the functional system requirements (FSR), described in classical textual form below:

FSR1: The system shall switch on the light if the light is switched off and the button is pressed,
FSR2: The system shall switch off the light automatically after the time t_Light_On has expired.    

3.2.1 Description method using interaction scenarios

The functional user requirements FUR1 and FUR2 defined above (see ID 215) require the SUS "System" to provide a service for the users. As shown in figure 4, this service is defined as system UseCase "SysUC1.1: Switch on 
the light time-limited".     

System UseCases describe the functionality of a SUS or SIUS in terms of how it is used to achieve the goals of its various users. The users of a SUS or SIUS are described by actors (i.e. "Button" and "Light"), which may represent 
external systems or humans who interact with the system. A UseCase is denoted by an ellipse, and the actors participating in the UseCase are connected to the ellipse by solid lines.
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Figure 4 UseCase shown in a UseCase diagram

A complete UseCase, i.e. a primary UseCase consists of one or multiple interactions which can alternatively be formulated as contracts. A UseCase having only one interaction is an interaction written as a UseCase. 

The interactions specifying a UseCase such as "SysUC1.1: Switch on the light time-limited" are described in a model-based way by interaction scenarios, also referred to as use case scenarios. Interaction scenarios are 
represented by SysML sequence diagrams. 

The specification of the interaction scenarios may cover a standard sequence and one or several alternative sequences, e.g. to represent a failed validation of the stimulus. Normally, the "good case" of an interaction scenario is 
specified in the "standard sequence" and deviating sequences in "alternative sequences". If no unique standard sequence can be determined, it is also possible that only "alternative sequences" exist.

For this reason, a UseCase may be defined by interaction scenarios in the following compositions:
- one Main Success Scenario and any number of Alternative scenarios,
- only one Main Success Scenario,
- any number of Alternative Scenarios without a Main Success Scenario.

Several interactions may be combined directly after each other without explicitly depicting the pre- and postconditions between them in an interaction scenario if the postconditions of the previous interaction are identical to the 
preconditions of the subsequent interaction.

If it can be assumed that the current state of the SUS is visible in its environment, the textually formulated functional requirements FSR1 and FSR2 (see ID 93) can be described as contracts:

FSR1:

Precondition:
System is in state OFF

Interaction:
I. - System receives the request "Button_Pressed" from the actor "Button".
III. System changes to state "ON".
IV. System responds to the actor "Light" with the command "Switch_Light_On". 

Postcondition:
System is in state ON

FSR2:

Precondition:
System is in state ON

Interaction:
I. - System detects that the time "t_Light_ON" has expired.
III. System changes to state "OFF".
IV. System responds to the actor "Light" with the command "Switch_Light_OFF". 

Postcondition:
System is in state OFF
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The corresponding interaction scenario in the form of a Main Success Scenario is depicted in Figure 5.  FSR1 and FSR2 are written as contracts and as a consequence no Alternative Scenarios are required. As the precondition of 
FSR2 is identical to the postcondition of FSR1 they are not explicitly depicted in the interaction scenario.  

Figure 5 Main Success Scenario with FSR1 and FSR2 written as contracts
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If it can not be assumed that the current state of the SUS is visible in its environment, the textually formulated functional requirement FSR1 is to be described as interaction without precondition.  FSR2 may be described as 
contract because the interaction is internally time-triggered and it is required that the current state may only be changed by this trigger: 

FSR1:

Precondition:
---

Interaction:
I. - System receives the request "Button_Pressed" from the actor "Button".

II. System evaluates that the request is valid because it is in state OFF.
III. System changes to state "ON".
VI. System responds to the actor "Light" with the command "Switch_Light_On". 

Postcondition:
System is in state ON

FSR2:

Precondition:
System is in state ON

Interaction:
I. - System detects that the time "t_Light_ON" has expired.
III. System changes to state "OFF".
IV. System responds to the actor "Light" with the command "Switch_Light_OFF". 

Postcondition:
System is in state OFF

The corresponding interaction scenario in the form of a Main Success Scenario is depicted in Figure 6.  
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Figure 6 Main Success Scenario with FSR1 not written as contract

As FSR1 is not written as a contract, action step 2 of the corresponding interaction may be evaluated as not valid. As a consequence, an alternative variant of the interaction has to be described:

FSR1:

Precondition:
---

Interaction:
I. - System receives the request "Button_Pressed" from the actor "Button".

III. System evaluates that the request is not valid because it is in state ON.
IV. System remains in state "ON".

Postcondition:
System is in state ON

FSR2:

Precondition:
System is in state ON

Interaction:
I. - System detects that the time "t_Light_ON" has expired.
III. System changes to state "OFF".
IV. System responds to the actor "Light" with the command "Switch_Light_OFF". 

Postcondition:
System is in state OFF
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The corresponding interaction scenario in the form of an Alternative Scenario is depicted in Figure 7.  

Figure 7 Alternative Scenario

3.2.2 Description method using state machines

State machines are used at abstraction level AL2 System Requirements to completely refine the stimulus-response behaviour which has been described by means of the interaction scenarios at abstraction level AL1 System 
Definition.

Figure 8 shows a state machine specifying the stimulus-response behaviour of the UseCase "SysUC1.1: Switch on the light time-limited".
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Figure 8 FSR1 and FSR2 specified using a state machine

The declaration of this state machine is identical to the original textual requirements (see ID 93) FSR1 (Transition from state "OFF" to state "ON") and FSR2 (Transition from state "ON" to state "OFF"):

FSR1: The system shall switch on the light ("Switch_Light_On := TRUE") if the light is switched off (state "OFF") and the button is pressed ("when(Button_Pressed)").

The Transition from state "OFF" to state "ON" represents a functional system requirement and may be textually formulated in the requirements specification document as shown below:

Info | OFF
Req | when(Button_Pressed)/Switch_Light_On := TRUE {OFF - ON}
Info | ON    

FSR2: The system shall switch off the light ("Switch_Light_OFF := TRUE") automatically after the time t_Light_On has expired ("after(t_Light_On)").

The Transition from state "ON" to state "OFF" represents a functional system requirement and may be textually formulated in the requirements specification document as shown below:

Info | ON
Req | after(t_Light_On)/Switch_Light_Off := TRUE {ON - OFF}
Info | OFF

3.3 Conventions

3.3.1 General description of the model elements

3.3.1.1 Logical Structural Entity (LSE)

A Logical Structural Entity (block in turquoise, stereotyped as <<logical structural entity>>) represents a system element from a logical point of view. It encapsulates either one or more LSEs interconnected in the form of a Logical 
Architecture or one or more FEs interconnected in the form of a Functional Architecture.

Figure 9 Logical Structural Entity

3.3.1.2 Functional Entity (FE)
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A functional entity (green block, stereotyped with <<functional entity>>) encapsulates a certain portion of technology-independent system behaviour of a system element. 

A functional entity additionally stereotyped with <<assumption>>represents a set of assumptions which are not functional requirements. Assumptions are mainly used to restrict the environment of a FE.

Figure 10 Functional Entity

3.3.1.3 Environmental Structural Entity (ESE)

In the environment of a system element, there may be other system elements belonging to the same overall system (subsystems) with which the system element in question has a communication relationship. These system 
elements are described by logical structural entities. However, the system element can also have a relationship with system elements that are outside the associated overall system. These system elements are described by 
structural entities in the environment (gray block, stereotyped with <<environmental structural entity>>) represents.

Figure 11 Environmental Structural Entity

3.3.1.4 Technical Structural Entity (TSE) or Technical Functional Entity (TFE) 

Technical Structural Entity:
A Technical Structural Entity (yellow-coloured SysML block stereotyped with <<technical structural entity>>) encapsulates one or more TSEs in the form of a Technical Architecture or one or more TFEs interconnected in the form of 
a Technical Functional Architecture based on technical requirements (<<hardware>>: TSE representing a hardware artefact, <<software>>: TSE representing a software artefact). 

Technical Functional Entity:
A Technical Functional Entity (yellow-coloured SysML block stereotyped with <<technical functional entity>>) represents a certain piece of technology-dependent behaviour based on technical requirements in a Technical Functional 
Architecture supplementing or substituting the technology-independent behaviour defined by FEs.

Figure 12 Technical Structural Entity or Technical Functional Entity

3.3.1.5 Information objects

Information objects are the objects that are exchanged between the respective communication partners via a communication relationship. They are formed from signals and values of the signals, the so-called attributes and are 
made available or received at ports.
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Ports are represented by small squares at the edge of a Functional Entity and represent the connections to the interfaces to other internal or external Functional Entities to which a communication relationship exists, or to external 
interfaces. The port also indicates the arbitrary port name and interface type in the format "port name:interface type". Communication relationships between functional entities are assigned a reading direction. In the case of ports, 

this is represented by the interface type being shown in conjugated form, i.e. by the symbol "~", on one side of the communication relationship.

3.4 Interface centric specification

The EULYNX initiative is aiming at specifying EULYNX system elements and standardising the communication interfaces (SCI) between them. 

As the focus is on the specification of interfaces, the behaviours of EULYNX systems are specified using an interface centric approach.

An interface centric approach is understood that the external visible stimulus-response behaviour (usage behaviour) of a system is largely described by the behaviours related to its interfaces. These behaviours are linked together 
and supplemented by behaviour relevant for more than one interface by means of linking behaviour.

In the EULYNX specification approach, the models of the protocol stacks assigned to the communication interfaces are downscaled to the Process Data Interface protocols (PDI) defining the global PDI behaviours of the application 
layers (e.g., SCI-AB PDI).

Global behaviour specifies the dependencies between the local PDI behaviours of the communication partners, that is the exchange of Process Data Units (PDU) between them in a chronological order.

The local PDI behaviours represent the behaviours of the communicating systems related to a certain interface.

The relation between local PDI behaviour and global PDI behaviour can be illustrated by a telephone call. The dialling is a local PDI behaviour at the initiator side, the ringing the associated local PDI behaviour at the partner side. 
Only the global PDI behaviour defines that the dialling must precede the ringing (i.e., the chronological order).

Figure 13 Global PDI behaviour

As the local PDI behaviours represent the interface behaviours of the communicating systems they may be specified in the model of the PDI.

In the model of a system element such as System A, these local PDI behaviours are referenced and linked together.
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Figure 14 Principle of interface centric specification

In the following chapters the model views used to specify EULYNX system elements (chapter 4) and the ones used to define EULYNX interfaces (chapter 5) are introduced. As the model view "Functional Entity" is used for the 
specification of EULYNX subsystems as well as for the specification of EULYNX interfaces it is described in the separate chapter 6. 

3.5 Overview of the engineering paths to create EULYNY specification models 

Figure 48 shows the commonly used engineering paths for creating the model views of the SUS or SIUS specification models (see also chapter 8.1.3 of Eu.Doc.30), which are explained in more detail in the following chapters 4, 5 
and 6. Depending on the project-specific input conditions, the engineering paths can also be applied in a modified form. 

In general, the engineering path for creating the SUS model views (black dashed arrows) includes the engineering path for creating the SIUS model views (red dashed arrows).

The model views used reflect the current state of the EULYNX MBSE methodology and may be complemented by further model views in the future (e.g. model views of the Technical Viewpoint or model views on AL3).

The engineering path for creating the SUS model views starts at the Functional Viewpoint on abstraction level AL1. 
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Figure 48 Engineering paths for creating the model views of the SUS or SIUS specification models 

4 Model views used to specify EULYNX subsystems

Model view "Functional Context": Use Cases (uc)
The model view "Functional Context" defines the services to be provided by the SUS in the form of use cases. Relationships are used to represent which actors interact with which SUS use case.

Model view "Use case scenario": Sequence Diagram (sd)
The model view "Use case scenario" describes the behaviour of the use cases defined in the model view "Functional Context" by means of one or more use case scenarios. 

Model view "Logical Context": Block Definition Diagram (bdd)
The model view "Logical Context" describes in the form of a block definition diagram (bdd) at the top level

⦁ the system/subsystem under specification (SUS),

⦁ the actors in the environment interacting with the SUS and their quantity structure (multiplicities)

as well as the logical interfaces between the SUS and the actors.

Model view "Functional Partitioning": Block Definition Diagram (bdd)
The model view "Functional Partitioning" describes the refinement of the SUS by means of the FEs defined in the SIUS model view "Functional Partitioning", which represent the local behaviours of the PDI, as well as the FEs specific 
to the SUS (linking behaviour according to chapter 3.4).

Model view "Functional Architecture": Internal Block Diagram (ibd)
The model view "Functional Architecture" refines or completes the behaviour of an SUS defined in the model view "Use case scenarios". The behaviour of the SUS is divided into Functional Entities" (FE), which communicate with 
each other via internal interfaces and with the environment via external interfaces. The FEs are defined in model view "Functional Partitioning".

Model view "Technical Functional Architecture": Internal Block Diagram (ibd) 

The model view "Technical Functional Architecture" supplements the behaviour described in the model view "Functional Architecture", which is independent of technology, with behavioural components derived from technical 
requirements. Either the entire behaviour can be described in a technical context or a mixture of functional and technical aspects.
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Model views "Functional Entity" and "Technical Functional Entity": Internal Block Diagram (ibd) and State Machine (stm)

The model view "Functional Entity" encapsulates a subset of technology-independent functional requirements and the model view "Technical Functional Entity" a subset of technology-dependent functional requirements of a SUS in 
the form of a function module. It delimits the function module from its environment and defines the inputs and outputs. In the discrete case, the behaviour of the FE is described by means of state machines. In this, the binding 
functional requirements are specified in the form of state transitions. Both model views are described in the separate chapter 6.

Figure 15 shows the engineering path of the model views used to specify a SUS considering the Functional Viewpoint, the Logical Viewpoint and the Technical Viewpoint. It describes the context of the model views, with the arrows 
indicating which model views are developed from which. During the development of the model, the model views "Functional Context" (the Use Cases), "Use case scenarios" and "Logical Context" are created. These model views 
form the basis for the description of the model views "Functional Partitioning", "Functional Architecture" and "Functional Entity". For the creation of the model view "Functional Partitioning", the FEs defined in the model view 
"Functional Partitioning" of the SIUS are required (b: see Figure 26 in chapter 5). In case technical requirements are to be considered, the model views "Technical Functional Architecture" and "Technical Functional Entity" are 
created based on the model view "Functional Architecture". 

Figure 15 Engineering path to specify a EULYNX subsystem

4.1 Abstraction Level AL1: System Definition

4.1.1 Model view "Functional Context" of a SUS

The model view "Functional Context" as shown in Figure 17 defines the services to be provided by the SUS in the form of use cases. On one or more SysML UseCase diagrams all subsystem UseCases and their relationships to the 
SUS environment and between the subsystem UseCases themselves are depicted.

In the use case diagrams, the boundary (2) of the SUS (1) is shown as a frame with a dotted line. 

The use cases of the SUS are shown as ellipses within the frame and have the name of the respective use case (3). 

A use case describes a service a SUS provides to its environment and is specified by one or more interaction scenarios (model view "Use case scenario").

Use cases are connected by interaction connectors (7) to those actors in the SUS environment with whom they interact. An actor may represent another system (5) or a person (6).

Use cases may be connected to each other through include relationships (4), which are represented by arrows with a dashed line stereotyped with <<include>>. Such a relationship indicates that the interaction scenarios of the use 
case at the arrowhead are included in the use case at the other end of the arrow. These included use cases encapsulate services that occur more than once, for example, and can also be included in other use cases.
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Figure 17 Functional Context

4.1.1.1 Binding (see chapter 2.1)

Diagram of model view "Functional Context" and all model elements contained therein and not listed separately have a ''Def'' binding.

Use Case has a ''Def'' binding if it is further specified in a refined model view.

Use Case has a ''Req'' binding if it is not further specified in a refined model view.

4.1.2 Model view "Use case scenario" of a SUS

The model view "Use case scenario" as shown in figure 18 defines the behaviour of the use cases defined in the model view "Functional Context" by means of one or more interaction scenarios at the upper level of abstraction. 
These interaction scenarios describe the interaction between the SUS and the actors in the SUS environment using SysML sequence diagrams. 
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Figure 18 Use case scenario for establishing the PDI connection

4.1.2.1 Use case name

Name of the use case (1) to which the interaction scenario belongs (e.g., LS_UC2.1: Indicate signal aspect).

4.1.2.2 Use case scenario name

The use case scenario name (2) is the name of a possible information flow (shown as a sequence diagram) within a use case (Main Success Scenario or Alternative Scenario).

4.1.2.3 Preconditions

Preconditions (3) are conditions that must be met and known to the actor triggering the stimulus for the scenario to start (see chapter 3.2.1).

4.1.2.4 Interaction

An interaction (4) consists of a sequence of steps, starting with a stimulus (prefixed by a dash "-"), a validation, possibly a state change and a reaction. In addition, combined fragments may be included. A use case scenario can 
consist of one or more interactions. The structure of an interaction follows the principle of the Action Block Scheme as described in chapter 3.1.

4.1.2.5 Sequences and information flows

Sequences consist of a text part describing the sequence (5) and, in the case of an information flow, a graphical representation of the information flow in the form of arrows between the lifelines (11). In the text part, elements of 
the model are shown in blue and explanatory text in black. In the graphical part, the corresponding exchange of information objects is shown accordingly. Here in the example (sequence 1), the information object 
"Cd_Indicate_Signal_Aspect" is sent from the "Subsystem Electronic Interlocking" to "Subsystem Light_Signal". As it is a stimulus it is prefixed by a dash "-" in the text part of the sequence. In sequence 2, the validation of the 
information object in the "Subsystem Light Signal" is described in the text part, without representation in the graphical part.

4.1.2.6 Postconditions

Postconditions (6) are conditions for which changes have resulted from the sequence diagram. Conditions that have already been mentioned in the preconditions are not listed here. 

4.1.2.7 Actors

Actors (7) are systems (e.g., Subsystem Electronic Interlocking) or persons that interact with the SUS, i.e. trigger a stimulus and/or receive a response.

4.1.2.8 System under specification and System boundary
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The boundary between the system under specification (SUS) and the actors is symbolised by a thick grey bar (8). The SUS (9) is located to the right of the grey bar and the actors (7) to the left. 

4.1.2.9 Lifelines

Lifelines (10) represent the time axis of the SUS and the actors, with the time running from top to bottom. 

4.1.2.10 Combined fragments

Using so-called "combined fragments", it is possible to modify the normally strictly defined sequence of information flows in the interaction scenarios. Combined fragments are shown by a box around the information flows concerned 
(Operand) and by a corresponding indentation of the specification texts in the left-hand area. A parameter in the top left corner of the box (interaction operator) and as a key word in the text indicate the type of the combined 
fragment (see figure 19).

An operand may have a guard containing a constraint expression that indicates the conditions under which it is valid for the operand to begin execution (see the example depicted in figure 19).

4.1.2.10.1 alt - alternative sequence

The alt fragment defines at least two (but possibly more) operands in the sequence diagram demarcated by dotted lines and the key words "alt", "else alt" and "end alt" . Each area can include several information flows. The 
meaning of this fragment is that only one of the areas is run through in the sequence dependent on the defined conditions. This allows for different sequences to be mapped in an interaction scenario.

Figure 19 alt fragment in a sequence diagram

4.1.2.10.2 opt - optional sequence

The opt fragment is equivalent to an alt fragment with only one operand. This implies that the operand is either executed or skipped depending on the validity of the guard (condition).

4.1.2.10.3 par - Parallelism 

Parallelising of information flows: The par fragment (see figure 20) consists of at least two (but possibly more) areas (Operands) demarcated by the key words "par", "also par" and "end par". Each area can cover several 
information flows.

The meaning of this fragment [as a requirement] is that the information flows within an area must take place in the shown order but no order is specified between the areas. If there are two areas A and B with the information flows 
A1, A2 and B1, B2 respectively, then information flow A1 must always be followed by A2 and B1 always by B2. However, whether (A1 and A2) flow first or (B1 and B2) is not specified by the sequence diagram.

4.1.2.10.4 Loop

The loop fragment (see figure 20) defines that the information flows contained are transmitted several times consecutively in the order specified. The textual specification area must define how often the loop is run through. This 
may be a concrete number specification (loop - n times) or an implied specification via a volume or cancellation criterion (loop - For all messages present).
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Figure 20 loop and par fragment used in an interaction scenario

4.1.2.11 Representing time in an interaction scenario

As depicted in figure 21 time may be represented in interaction scenarios as duration constraints (1) and timed triggers (2). 
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Figure 21 Representing time

4.1.2.11.1 Duration constraints

Time conditions (1) can also be mapped in the sequence diagram. To this end, a time limit is specified between two information flows consisting of a vertical double arrow. This is supplemented by a duration constraint, e.g., {>X s} 
or {<= X s}. Interpreted as a requirement, this means that two sequences (e.g., sequence 1 and sequence 2 in figure 21) may or must follow each other within the minimum or maximum time specified (e.g., 
<Con_t_Activation_Delay in Figure 21).

4.1.2.11.2 Timed trigger

A timed trigger (2) indicates that a given time interval has passed since the occurrence of some event, such as entering a state or receiving a request during the execution of the scenario.

The term "after" followed by the time such as "after {10 sec}" indicates that the time is relative to the moment of an occurrence.

An example of a timed trigger is shown in the scenario depicted in figure 21. "Subsystem Generic IO" responses to the stimuli "Cd_Set_Output_Channels" with "Set_Output_Channels" after the time "Con_t_Activation_Delay" has 
expired.

4.1.2.12 Include relationship

As shown in figure 22 an <<include>> relationship can be used to jump from an interaction scenario to the interaction scenario of an included use case (e.g., SubSUC1.3: Report status). The text part and the include symbol (1)
indicate which use case is to be accessed.  After processing the included interaction scenario, the original interaction scenario is continued.

Alternatively to the include symbol (1) an "interaction use" (2) may be used to indicate which included interaction scenario is to be accessed. "Interaction uses" are shown as frames with the keyword "ref" in the frame label. The 
body of the frame contains the name of the referenced interaction scenario.
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Figure 22 Include relationship in interaction scenarios

4.1.2.13 Binding (see chapter 2.1)

Diagram of model view "Use case scenario" and all included model elements have an ''Info'' binding.

4.1.3 Model view "Logical Context" of a SUS

The model view "Logical Context" as shown in Figure 16 represents the environment of the SUS and provides initial information about the SUS boundaries and the relationships to the interaction partners. This diagram contains the 
following definitions relevant to implementation:

⦁ Interaction partners: the representation of the interaction partners as actors with whom the SUS concerned must be able to interact,

⦁ Logical SUS interfaces:

- number of required logical interfaces represented by associations to interaction partners in the SUS environment defined by means of multiplicities at the association ends
- possible directions of the interaction (uni- or bidirectional).
- kinds of interfaces such as SCI-P, SMI-P and so on defined by means of roles at the association ends.

Interaction partners

Interaction partners (4, 5) of the SUS (1) are represented by actors. An actor describes a person (for example "Maintainer") or another system (for example the "Subsystem - Electronic Interlocking) in the role of a user of services 
offered by the SUS concerned (here "Subsystem Point"). At the logical viewpoint actors are represented by logical structural entities if they are in the context of a system element belonging to the same overall system. If an actor in 
the context of a system element is outside of the overall system of this system element (adjacent system) it is represented by an environmental structural entity.

Figure 16 therefore includes for example the following related definitions:

⦁ system element "Subsystem Electronic Interlocking" represented by a logical structural entity (LSE) assumes the role of an actor in the environment of "Subsystem Point" belonging to the same overall system (4).

⦁ system element "Point machine" represented by an environmental structural entity (ESE) assumes the role of an actor in the environment of "Subsystem Light Signal" not belonging to the same overall system (5). 

Logical SUS interfaces

The connection between the SUS (represented by a logical structural entity) and an actor represents a logical interface (2, 3). It is depicted as an association that is a continuous line between the actor and the SUS. It represents 
the requirement that the SUS must be able to interact with the connected actor through a corresponding logical interfaces.

The association also represents the possible interaction directions of the interface. No arrow heads means that the interaction is bidirectional. An arrow head on the other hand indicates that an interaction is only possible in the 
direction of the arrow.

On the side of the actor of the association, a multiplicity indication describes in more detail with how many of the respective actors the SUS concerned must be able to interact i.e., how many logical interfaces are required.

The definition of the quantity of each actor by means of multiplicities represents an important requirement regarding system development. It is obvious that it makes a difference, for example, whether the system depicted in figure 
15 requires an interface to one "Subsystem Electronic Interlocking" or to several. 

The multiplicity "1" is defined at the SUS side of the association. The reason for this is that only requirements for the SUS concerned may be phrased in the respective requirements specification. However, according to the SysML 
syntax, a multiplicity indication at the SUS side would represent a statement for the actor.
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Some examples for the representation of multiplicities and their meaning:
1 or blank exactly one
0..1 none or one
* none or several
1..* one or several
2..4 at least two and at most four

Figure 16  therefore includes for example the following related definitions:

⦁ the "Subsystem Point" must be able to interact with exactly one "Subsystem Electronic Interlocking" as an actor, with the interaction possible in two directions.

⦁ the "Subsystem Point" must be able to interact with one or more actors "Point machine", with the interaction possible in two directions.

⦁ the "Subsystem Point" must be able to interact with exactly one "Basic Data Identifier" as an actor, with an interaction only possible from "Basic Data Identifier" to the "Subsystem Point". 

Roles at the association ends represent the used “Interface kind” such as SCI-P, SMI-P and so on. In figure 15 "Subsystem Point" sees for example "Subsystem Electronic Interlocking" in the role of "SCI-P" and vice versa.

Figure 15 therefore includes for example the following related definitions:

⦁ the interface between "Subsystem Point" and "Subsystem Electronic Interlocking" must be implemented according to the specification of "SCI-P".

⦁ the interface between "Subsystem Point" and "Subsystem Maintenance and Data Management" must be implemented according to the specification of "SMI-P".

⦁ the interface between "Subsystem Point" and "Subsystem Maintenance and Data Management" must be implemented according to the specification of "SDI-P".

⦁ the interface between "Subsystem Point" and "Subsystem Security Services Platform" must be implemented according to the specification of "SSI-P".

Figure 16 Logical Context

4.1.3.1 Binding (see chapter 2.1)
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Diagram of model view "Logical Context" and all model elements contained therein and not listed separately have a ''Def'' binding.

Logical SUS interface has a ''Def'' binding if it is further specified in a refined model view or in the form of a separate requirement.

Logical SUS interface has a ''Req'' binding if it is not further specified in a refined model view or in the form of a separate requirement.

4.2 Abstraction Level AL2: System Requirements

4.2.1 Model view "Functional Partitioning" of a SUS 

The model view "Functional Partitioning" shown in Figure 45 describes the refinement of the SUS (1) by FEs. 

The FEs (2) defined in the SIUS model view "Functional Partitioning" (see chapter 5.2.1), which represent the local behaviours of the PDI (see chapter 3.4), and the generic FEs (3) are referenced by the SUS through reference 
associations (5). FEs which are assigned to the subsystem via reference associations (marked with a white diamond) are not part of the subsystem, but are only used there. They represent the local behaviour of the PDI of the 
corresponding SIUS and are part of it.

The SUS-specific FEs (4) are part of the SUS which is represented by composite associations (6). FEs which are assigned to the subsystem via composite associations, i.e. so-called whole-part relationships (marked with a black 
diamond) are part of the subsystem. They represent the specific behaviour of the subsystem that influences more than one interface. This so-called "linking behaviour" is also used to link the behaviour assigned to the interfaces.

The model view "Functional Partitioning" forms the basis for the model view "Functional Architecture" (see chapter 4.2.2). It defines the FEs in their maximum quantity structure in the form of multiplicities. Within the framework of 
this quantity structure, the FE configurations required for the definition of the functional requirements are then created in the model view "Functional Architecture".
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Figure 45 Example of SUS model view "Functional Partitioning"

4.2.1.1 Binding (see chapter 2.1)

Diagram of model view "Functional Partitioning" and all included model elements have a ''Def'' binding.

4.2.2 Model view "Functional Architecture" of a SUS

Figure 46 shows the model view "Functional Architecture" of Subsystem Point. It is created based on the in model view "Functional Partitioning" defined FEs.
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Figure 46 Model view "Functional Architecture" of Subsystem Point

The model view "Functional Architecture" is explained in the following with a simple example as shown exemplarily in Figure 23. It describes the external visible stimulus-response behaviour of a SUS (1) represented by a Logical 
Structural Entity (LSE) that is structured in a way that enables an interface centric specification approach as described in chapter 3.4.  The behaviour of the SUS is divided into Functional Entities" (FE), which communicate with each 
other via internal interfaces and with the environment via external interfaces.

The overall behaviour of a SUS structured by a Functional Architecture (FA) can be divided into several FAs in the graphical representation. This enables a FA representation that matches the interaction scenarios defined in 
abstraction level AL1.

Functional Entities

To describe the overall behaviour of an SUS observable externally in an FA structured, two different representations of the FEs (4, 5) are used: FEs with a solid border (5) and FEs with a dashed border (4). Following the interface 
centric specification paradigm explained in chapter 3.4, a solid-bordered FE represents the directly specified behaviour of the SUS that is the "linking behaviour" (e.g. S_W : S_W). It is an inseparable part of the SUS behavioural 
model. FEs with dashed borders, on the other hand, are references (reference properties) to the interface protocols specified in the models of the application levels. These local behaviours are linked to the overall behaviour of the 
SUS by the directly specified SUS linking behaviour. The model view "Functional Entity" is described in chapter 6.

In figure 23, for example, the functional entity "S_SCI_P_Command_and_Receive" is shown as a dashed block. This means that it is the local behaviour of the SCI-P protocol at application level, which is defined in the SCI-P 
specification (see chapter 5).

Internal FE-coupling

Internal FE-couplings are implemented in two variants. In variant 1 (6), communication between two FEs takes place by means of signals and in variant 2 (7), permanent information is transmitted. 
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Variant 1 (6): an internal FE-coupling according to variant 1 defines an event-driven flow. It consists of two SysML proxy ports with the same name that are connected via a connector (SysML Connector). The connector represents 
the communication channel over which the information objects defined in the port type (SysML interface block) such as "w_p" can be exchanged. The information objects are represented by SysML signals (see chapter 5.2.3 and 
chapter 6.2.9.4). The port type is used conjugated on one side (e.g., ~w_p). This means that an information object defined as outgoing in the interface block (port type) becomes an incoming information object through 
conjugation.

Port name and port type are written in lower case. In addition, the ports are shown in the colour of the FEs.

Variant 2 (7): an internal FE-coupling according to variant 2 defines a continuous flow. It consists of two SysML proxy ports or alternatively SysML flow ports with the same name that are connected via a connector (SysML 
Connector). The continuity of the information transmission is indicated by the abbreviation "d = data" at the beginning of the names of the ports involved.

The information flows defined in the internal FE-couplings or the couplings themselves are to be interpreted as descriptive elements of the behaviour and are only binding in the context of the overall behaviour. That
means that an information flow defined in an internal FE-coupling only becomes a mandatory requirement in the context of its active use, e.g. in a transition.

Please note: In some cases, flow ports are still used to describe internal FE-couplings (see for example Figure 7755). However, these will gradually be replaced by proxy ports in the future.

Ports used for internal FE-coupling are defined as functional ports. Their names are written in lower case. In addition, the ports are shown in the colour of the FEs. 

External FE-coupling
The overall behaviour to be implemented by the manufacturers is connected to the logical SUS interfaces (2) via external FE-couplings (3). 

An external FE-coupling consists of a proxy port representing a logical SUS interface, located at the SUS outer boundary and labelled with the designator of the interface concerned (e.g. SCI_P : SCI_P_Subsystem_EIL). The proxy 
ports delegated from the FEs relevant to the interface using binding connectors (3) and representing the information flows (e.g. P11in : ~SCI_P_2 or P10inout : SCI_P_1) are embedded in it (9).

In other words, the port (e.g. P10inout : ~SCI_P_1) at the FE is duplicated on the SUS outer boundary. Both ports are connected with a binding connector. The information flows and their direction remain unchanged in the interface 
block of the duplicated port.

The names of the proxy ports used in an external coupling (e.g. P11in or P10inout) designate the information flows assigned to the logical SUS interface. The port types (e.g. SCI_P_2 or SCI_P_1) define the information objects of 
the information flows that must be able to be exchanged via the respective interface.

The information objects defined in the information flows or the couplings themselves are to be interpreted as descriptive elements of the behaviour and are only binding in the context of the overall behaviour. That means that an 
information object defined in an external FE-coupling only becomes a mandatory requirement in the context of its active use, e.g. in a transition.

Please note: In some cases, flow ports are still used to describe internal FE-couplings (see for example interface P3 in Figure 7755). However, these will gradually be replaced by proxy ports in the future.

Ports used for external FE-coupling are defined as logical ports. Port name and port type are written in capital letters. In addition, the ports are shown in the colour blue.

Open ports

Open ports (8) that is ports not associated to connectors define interfaces to specification parts not contained in the model, i.e. expected behaviour in the environment of the FEs. This behaviour can be implemented proprietarily by 
each manufacturer, as long as the information expected at the ports is provided or the information delivered via the ports is processed accordingly.

Ports used as open ports are defined as logical ports. Port name and port type are written in capital letters. In addition, the ports are shown in the colour blue.

Open ports are also used to configure the specified behaviour.

Please note: The Functional Architecture (FA) is not to be understood as a specification for an internal architecture of the SUS, but as a descriptive structuring. The FEs in communication relationship represent the expected overall 
behaviour of a SUS, which must be fulfilled by the respective manufacturer in its entirety.
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Figure 23 Functional Architecture of a SUS

4.2.2.1 Binding (see chapter 2.1)

Diagram of model view "Functional Architecture" and all model elements contained therein and not listed separately have a ''Def'' binding.

Logical SUS interface has a ''Def'' binding if it is further specified in a refined model view or in the form of a separate requirement.

Logical SUS interface has a ''Req'' binding if it is not further specified in a refined model view or in the form of a separate requirement.

4.2.3 Model view "Technical Functional Architecture" of a SUS

Figure 24 shows the engineering path of the model views used to specify a SUS at the Technical Viewpoint on abstraction level AL2. 
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Figure 24 Engineering path to specify a SUS at the Technical Viewpoint on abstraction level AL2

The model view "Technical Functional Architecture" (TFA) supplements or substitutes the behaviour described in the model view "Functional Architecture", which is independent of technology, with behavioural components derived 
from technical requirements. In other words, the FEs interconnected in the model view "Functional Architecture" are either transferred to the model view "Technical Functional Architecture" or completely or partially replaced by 
Technical Functional Entities (TFE). 

The SUS can either be described completely from a technical point of view (all FEs are replaced by TFEs) or only certain parts of it (interconnection of TFEs and transferred FEs).

Figure 25 shows an example of the transfer of the FES defined in the model view "Functional Architecture" to the model view "Technical Functional Architecture" of the SUS Subsystem Point. The SUS (1) is represented by a 
Technical Structural Entity (TSE). The transferred FEs (5) are supplemented with the TFE "F_Control_And_Observe_4W_PM" (3) that describes the functionality of the four-wire interface to a point machine based on technical 
requirements.

In model view "Technical Functional Architecture" TFEs  are coupled with each other, with the already defined FEs (6) and with the environment (4) via external technical functional interfaces (2).

The overall behaviour of a SUS structured by a TFA can be divided into several TFAs in the graphical representation.

Technical Functional Entities

To describe the overall behaviour of an SUS observable externally in an TFA structured, two different representations of the TFEs are used: TFEs with a solid border (3) and TFEs with a dashed border. Following the interface centric 
specification paradigm explained in chapter 3.4, a solid-bordered FE represents the directly specified behaviour of the SUS that is the "linking behaviour". It is an inseparable part of the SUS behavioural model. TFEs with dashed 
borders, on the other hand, are references (reference properties) to the interface protocols specified in the models of the application levels. These local behaviours are linked to the overall behaviour of the SUS by the directly 
specified SUS linking behaviour. The model view "Technical Functional Entity" is described in chapter 6.

Internal TFE-coupling and external TFE-coupling
The definitions for internal FE-coupling and external FE-coupling in chapter 4.2.2 apply accordingly.  

Ports used for external TFE-coupling and internal TFE-coupling are defined as technical functional ports. They are shown in the colour yellow (4).

Ports used for internal coupling of FEs with TFEs are functional ports. They are shown in the colour green (6).

Ports representing technical functional SUS interfaces (2) can only be connected to technical functional ports (4).

Open ports

Open ports that is ports not associated to connectors define interfaces to specification parts not contained in the model, i.e. expected behaviour in the environment of the TFEs. This behaviour can be implemented proprietarily by 
each manufacturer, as long as the information expected at the ports is provided or the information delivered via the ports is processed accordingly.

Ports used as open ports are defined as logical ports. Port name and port type are written in capital letters. In addition, the ports are shown in the colour blue.
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Please note: The TFA is not to be understood as a specification for an internal architecture of the SUS, but as a descriptive structuring. The TFEs or FEs in communication relationship represent the expected overall behaviour of a 
SUS, which must be fulfilled by the respective manufacturer in its entirety.

Figure 25 Example of SUS model view "Technical Functional Architecture"

4.2.3.1 Binding (see chapter 2.1)

Diagram of model view "Technical Functional Architecture" and all model elements contained therein and not listed separately have a ''Def'' binding.

Technical functional SUS interface has a ''Def'' binding if it is further specified in a refined model view or in the form of a separate requirement.

Technical functional SUS interface has a ''Req'' binding if it is not further specified.

5 Model views used to specify EULYNX interfaces

Model view "Logical Context": Block Definition Diagram (bdd)

The model view "Logical Context" describes the logical view of an interface at the upper level of abstraction. 

Model view "Functional Partitioning": Block Definition Diagram (bdd)

The model view "Functional Partitioning" describes the refinement of the interface defined in model view "Logical Context" using Functional Entities. 
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Model view "Functional Architecture": Internal Block Diagram (ibd)

The model view "Functional Architecture" defines the global behaviour of the application protocol (see chapter 3.4). 

Model view "Functional Entity": Internal Block Diagram (ibd) and State Machine (stm)

The model view "Functional Entity" encapsulates a subset of the functional requirements of an SUS in the form of a function module. It delimits the function module from its environment and defines the inputs and outputs.
In the discrete case, the behaviour of the function block is described by means of state machines. In this, the binding functional requirements are specified in the form of states and corresponding state transitions. As the model view 
"Functional Entity" is used for the specification of EULYNX system elements as well as for the specification of EULYNX interfaces it is described in the separate chapter 6.

Model view "Information Flow": Block Definition Diagram (bdd)

The model view „Information Flow" describes the information objects to be exchanged via an interface which are further refined to telegrams at abstraction level AL3. At present, the telegrams are not yet described in a model-
based way. They are defined in the interface specifications (e.g. Interface Specification SCI-LS, Eu.Doc.38).  

Figure 26 shows the engineering path of the model views used to specify a SIUS considering the Functional Viewpoint and the Logical Viewpoint. It describes the context of the model views, with the arrows indicating which model 
views are developed from which. Based on the definition of the logical SUS interfaces in model view "Logical Context" of the SUS  (a: see Figure 15 in chapter 4) the model views "Logical Context" and "Functional Partitioning" of the 
corresponding SIUS are created. The model view "Functional Partitioning" in turn forms the basis for the creation of the model view "Functional Architecture" of the SIUS and the model view "Functional Partitioning" of the SUS (b: 
see Figure 15 in chapter 4). Subsequently, the model views "Information Flow" and "Functional Entity" are created. 

Figure 26 Engineering path to specify a EULYNX interface

5.1 Abstraction Level AL1: Interface Definition

5.1.1 Model view "Logical Context"

The model view "Logical Context" as shown in figure 27 describes the logical view of an interface at the upper level of abstraction. In contrast to the logical context of a SUS in which the logical interfaces are also defined in terms of 
their number, an interface in its logical context is regarded as a one-to-one relationship. 

An interface (1) is generally defined as a unique connection between two communication participants (5).  From the logical viewpoint at the upper level of abstraction an interface is represented by a SysML association (1). An 
association is depicted as a continuous line between the communication participants. It also represents the possible interaction directions of the interface. No arrow heads means that the interaction is bidirectional. An arrow head on 
the other hand indicates that an interaction is only possible in the direction of the arrow. It represents the requirement that the two communication participants must be able to interact with each other.
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The logical interface represented by an association (1) is linked to a SysML association block (3), which serves to refine the relationship. The global behaviour of the application protocol (Railway Control Protocol: RCP) is then 
specified in this later in the model view "Functional Architecture".

A defined set of information objects (information flow) is transmitted via the interface in a precisely defined temporal sequence (protocol) in many cases.

An information flow and the corresponding definition of the temporal sequence can apply to different interfaces. These two properties of an interface are called interface kind (4). 

The interface kind is mapped at the association ends in the form of roles (4). This separation of interface and interface kind makes it possible to communicate in the same way via several different "unique relationships = 
interfaces". 

The interface kind represents the requirement that it is to be applied to a specific interface.

An interface is identified by a unique name (2) placed above or below the association (1) representing the interface. 

The black arrow shown in connection with the association indicates the reading direction. The directional arrow specifies the top-level navigation through the interface model to improve readability. It is taken into account when 
refining the model, for example when defining the conjugation of information flows. Beyond that, it has no meaning for the model.

The interface name can be identical to the interface kind if it is certain that the interface kind is only applied to a specific interface and not to several different ones.
If the interface name is the same as the interface kind, it may not be displayed.

Figure 27 Logical context of an interface

5.1.1.1 Binding (see chapter 2.1)

Diagram of model view "Logical Context" and all model elements contained therein and not listed separately have a ''Def'' binding.

5.2 Abstraction Level AL2: Interface Requirements

5.2.1 Model view "Functional Partitioning"  

The model view "Functional Partitioning" as shown in figure 28 describes the refinement of the interface defined in model view "Logical Context" using Functional Entities. These Functional Entities specify the local behaviours of the 
communication protocol stack scaled-down to the application layer (PDI: Process Data Interface Protocol) at each side of the communicating system elements.

The specific (2) and generic (1) local behavioural parts of the application protocol defined by FEs are referenced by the communication partners via SysML reference associations (4). Reference associations are marked with a white 
diamond and express that the FEs are not part of the subsystems, but are only used there. They are part of the PDI.

The FEs are used in the model view "Functional Architecture" to specify the global behaviour of the application protocol represented by the internal structure of the association block (3) associated with the association representing 
the interface.
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Figure 28 Functional Partitioning of an interface

5.2.1.1 Binding (see chapter 2.1)

Diagram of model view "Functional Partitioning" and all model elements contained therein and not listed separately have a ''Def'' binding.

5.2.2 Model view "Functional Architecture"

The model view "Functional Architecture" as shown in Figure 29  defines the global behaviour of the application protocol. The global behaviour is described by connecting the local behavioural components referenced by a 
communication partner with the corresponding ones of the neighbour via communication channels.

The description of the global behaviour of the application protocol is done by the internal structuring of the association block (1) defined in the model view "Functional Partitioning". In this process, the communication partners (2), 
which in turn reference the local behavioural parts of the protocol represented by FEs (3), are referenced in the form of SysML participant properties and connected via their logical SUS interfaces (4) with connectors (5). 
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Figure 29 Functional Architecture of an interface

5.2.2.1 Binding (see chapter 2.1)

Diagram of model view "Functional Architecture" and all model elements contained therein and not listed separately have a ''Def'' binding.

Logical SUS interface (4) has a ''Def'' binding if it is further specified in a refined model view or in the form of a separate requirement.

Logical SUS interface (4) has a ''Req'' binding if it is not further specified in a refined model view or in the form of a separate requirement.

5.2.3 Model view "Information Flow"

The model view "Information Flow" describes the information objects to be exchanged via an interface. It consists of the two sub-model views "Direction of Information Objects" and "Information Objects", which are shown in Figure 
47 and Figure 30 respectively.

As shown in Figure 47, the SUS interfaces such as SCI_P are depicted by proxy ports. These are typified with interface blocks such as SCI_P_Subsystem_P (1), which represent information flows in the form of embedded proxy ports 
such as P10inout. The embedded proxy ports are typed with interface blocks (2), which in turn contain the information objects (e.g. Cd_Move_Point).
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Figure 47 Example of SIUS model view "Information flow" - Direction of Information Objects

As shown in Figure 30,  the information objects are represented by SysML signals such as "Cd_Move_Point" (3). These signals can in turn have attributes such as "CommandedPointPositionState" (4) that represent parameters of 
the information objects. The attributes are typed with basic data types or for example enumerations such as "PointPositionControlableState" (5). 
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Figure 30 Information flow

Please note: These model views can also be used in an adapted form to define the information flows for internal couplings between FEs or TFEs in a Functional Architecture or Technical Functional Architecture. 

5.2.3.1 Binding (see chapter 2.1)

Diagram of model view "Information Flows - Direction of Information Objects" and all model elements contained therein and not listed separately have a ''Def'' binding.

Diagram of model view "Information Flows - Information Objects" and all model elements contained therein and not listed separately have a ''Def'' binding.

Information Objects (Signals) have a ''Def'' binding if they are further specified in a refined model view or in the form of a separate requirement.

Information Objects (Signals) have a ''Req" binding if they are not further specified in a refined model view or in the form of a separate requirement.

6 Model view "Functional Entity" and "Technical Functional Entity"

6.1 Concept and interpretation of Functional Entities and Technical Functional Entities

Within the EULYNX approach to specify model-based requirements the concept of Functional Entity (FE) and Technical Functional Entity (TFE) is used. 

FE and TFE represent behavioural entities and encapsulate a subset of the functional requirements of a SUS or SIUS in the form of stimulus-response behaviour independent of any architectural constraints. While FEs define 
technology-independent functional requirements, TFEs describe technology-dependent ones. 

Please note: FEs and TFEs are not to be interpreted as elements of the hardware- or software architecture. 

The stimulus-response behaviour of FEs and TFEs is defined by SysML state machines (see chapter 6.2).

The principle structure of a Functional Entity and a Technical Functional Entity is shown in Figure 31.
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Figure 31 Example of a Functional Entity and a Technical Functional Entity

Apart from state machines, FEs and TFEs may own 

⦁ SysML block properties (3),

⦁ SysML block operations (2),

⦁ SysML proxy ports used as atomic "in ports" and "out ports" (5, 6) or typed with an interface block in which the information objects to be exchanged via the port are defined (4, 7),

⦁ SysML flow ports used as atomic "in ports" and "out ports" (8, 10).  

The description of a FE (1) contains the stereotype <<functional entity>> as well as the FE name (e.g. S_W). 

The description of a TFE (9) contains the stereotype <<technical functional entity>> as well as the TFE name (e.g. F_Control_And_Observe_4W_PM). 

6.1.1 Block properties

Block properties (3) are to be interpreted in the sense of variables or constants that store values. They are prefixed with "Mem".

Examples: Mem_last_Target_Requested, Mem_Current_Point_Position. 

All block properties are initialised. The initialisation can be carried out in the body of the init-block operation systematically named cOp1_init(). Alternatively it can be carried out directly in the transition effect of the transition 
outgoing from initial state of the state machine.
Example:

Mem_S_W_Position := "";

Mem_SW_Last_Position := "";

The assignments of values to the corresponding block properties are to be interpreted as definitions. They become mandatory requirements (binding character "Req") when they are used in a mandatory requirement, such as a 
transition of a state.

6.1.2 Block operations

Block operations (2) are used in order to specify

⦁ internal broadcast events  or

⦁ algorithms of data transformations (call behaviour or time advance behaviour). 

Internal broadcast events

Internal broadcast events are prefixed with bc<Id> where "Id" is a natural number starting with 1 (example: bc1_indicate_signal_aspect).

Example: bc1_Bc_info(), bc2_Bc_info()
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Call behaviour

Block operations used to define call behaviour are prefixed with cOp<Id> where "Id" is a natural number starting with 1. 

Call behaviour is invoked on demand, executed and terminated after execution. It is supposed to define event-driven data transformations. The algorithm of the data transformations is described in the body of the corresponding 
block operation using the Atego Structured Action Language (see chapter 6.1.5).

Example: cOp2_All_Left

if cOp8_Supports_Multiple_PMs() then

    return (

      (D21in_PM1_Position = "LEFT") and

      (D22in_PM2_Position = "LEFT" or D13in_PM2_Activation= "INACTIVE")

);

else

    return D21in_PM1_Position = "LEFT";

end if

Call operations are used as

⦁ boolean expressions or parts of it in change events: e.g. when(cOp3_No_End_Position)/ 

⦁ transition guards: e.g. when(cOp5_Trailed)[cOp7_Is_Trailable]/ 

⦁ transition effects: e.g after(D5in_Con_tmax_Point_Operation/cOp12_Timeout();

The call operation to initialise the block properties and Out Ports of a FE is named cOp1_init() systematically.

Call operations are to be interpreted as definitions. They become mandatory requirements (binding character "Req") when they are used in a mandatory requirement, such as a transition of a state.

Time advance behaviour

Time advance behaviour is invoked once during system activation and executes continuously. It is supposed to define continuous data transformation. The algorithm of the data transformations is to be described in the body of the 
corresponding block operation using the Atego Structured Action Language (see chapter 6.1.5).

Example: tOp1_indicate_availability_ratio

6.1.3 SysML in ports and out ports 

A FE features interfaces that define the stimuli consumed by the assigned state machine, represented by in ports, and responses generated by the assigned state machine, represented by out ports. 

In ports and out ports are specified as SysML proxy ports or SysML flow ports of the SysML block representing the FE depicted in an internal block diagram (ibd). 

In ports and out ports are described according to the port definition schema below:

<Port information type><PNo><Port direction>_<Port information>:<Data type>.

Port information type

Used port information type: 

⦁ D or d: data ports (D-Ports),

⦁ T or t: trigger ports (T-Ports).

Data ports and trigger ports start with a small letter (such as d3in_Point_Position or t4out_Timeout) if they are part of an internal connection between two FEs or between a FE and a TFE. In this case they are referred to as 
functional ports and have the colour green like the corresponding F E (5).

Data ports and trigger ports start with a capital letter if they are part of an external connection between a FE and the system environment (system interface) or if it is an open port (such as D4in_ Normal_Mode or 
T1in_SIL_not_fulfiled). In this case they are referred to as logical ports and have the colour blue (6).

Data ports and trigger ports which are part of a connection between TFEs or a TFE and the system environment (technical system interface) are referred to as technical functional ports and have the colour Yellow (10). They 
start with a small letter if they are part of an internal connection between two TFEs and with a capital letter if they are part of an external connection between a TFE and the system environment (technical system interface).

Data ports (5), (6)

Data ports are especially suited to indicate permanently available information. The value of a D-port only changes if it is explicitly changed.
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Data in ports are used as arguments of Boolean expressions in change events or transition guards. They may represent arguments in data transformations or other data, that need to be permanently reachable by the behaviour of a 
FE (e.g configuration data: d21in_Con_Downgrade_Most_Restrict). Their values can be permanently regarded as valid.

Data out ports are used to provide continuous data created within a FE for its environment (e.g. to be available for adjacent FEs, reachable via their data in ports).  

Trigger ports (8)

Trigger ports are especially suited to indicate singular events. They have a Boolean value that always enters false and only briefly changes to true when the event occurs (data types PulsedIn or PulsedOut). Afterwards the value is 
automatically returned to false.

Trigger in ports are mainly used as arguments of Boolean expressions in change events.

Port number (PNo)
For each port of a FE with the port information type "D or d" or "T or t", a unique PNo is to be assigned in the format of a natural number. The ports need not be numbered consecutively.
For example port numbers like 1, 2, 3, 4, 5 are possible, but also 1, 3, 6.

Port direction
The direction of the in Ports and out Ports are additionally defined, i.e. whether it is a stimulus or a response for the FE.

⦁ An "in" after the port number represents a stimulus or a permanently present value,

⦁ An "out" after the port number represents a response.

Port information

The port information defines the information type and the semantic meaning of the information to be transmitted, e.g. "Cd_Indicate_signal_aspect".  

<Port information> :=  <Information type> _<Information>

Information type: Msg (message), Cd (command), Con (configuration data), Site (site data) or project-specifically determined information types.

Information: semantic meaning of the information to be transmitted, e.g. Indicate_signal_aspect.

Data type

The data type which is assigned to any in port and out port is only shown on the diagram if it is necessary for a correct interpretation. 

Initialisation of out ports

All data out ports are initialised. The initialisation can be carried out in the body of the init-block operation systematically named cOp1_init(). Alternatively it can be carried out directly in the transition effect of the transition outgoing 
from initial state of the state machine. Trigger out ports are set to "FALSE" by default and are not explicitly initialised. 

Example:

D25out_Redrive := FALSE;

The assignments of values to the corresponding out ports are to be interpreted as definitions. They become mandatory requirements (binding character "Req") when they are used in a mandatory requirement, such as a transition of 
a state.

6.1.4  SysML proxy ports describing an event-based flow of information

A FE features interfaces that define event-driven in-flow of information consumed by the assigned state machine and event-driven out-flow of information generated by the assigned state machine.

The information flows are represented by SysML proxy ports typed with SysML interface blocks (4, 7).

The information objects to be exchanged are represented by signals. The interface blocks define the receptions for these signals.

When a signal is received, a signal event is triggered by the corresponding reception, which is then used as a trigger for a state transition, for example. 

Proxy ports to describe a signal-based information flow are described according to the port definition schema below:

<Port information type><PNo><Port direction>_<Port information>:<Signature of Interface block aggregating information objects>.

Port information type

Used port information type: P or p

Ports and their interface blocks are written in small letter (such as p1inout : ~cc_w) if they are part of an internal connection between two FEs. In this case they  they are referred to as functional ports and have the colour green 
like the corresponding FE (4).
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Ports and their interface blocks are written in capital letters if they are part of an external connection (system interface) between a FE and the system environment (such as P3inout : W_P) or if they are open ports. In this case they 
are referred to as logical ports and have the colour blue (7).

Ports which are part of a connection between TFEs or a TFE and the system environment (technical system interface) are referred to as technical ports and have the colour yellow (10). They start with a small letter if they are 
part of an internal connection between two TFEs and with a capital letter if they are part of an external connection between a TFE and the system environment (technical system interface) or if they are open ports.

An information object defined as outgoing in the interface block (port type) becomes an incoming information object through conjugation. This conjugation is indicated by the character "~" preceding the corresponding interface 
block (example: p1inout : ~cc_w).

Port number (PNo)
For each port of a FE/TFE with the port information type "P or p", a unique PNo is to be assigned in the format of a natural number. The ports need not be numbered consecutively.
For example port numbers like 1, 2, 3, 4, 5 are possible, but also 1, 3, 6.

Port direction
The direction of the ports are additionally defined ("in", "out", "inout").

Port information

Freely selectable and optional. 

Signature of Interface block aggregating information objects

The information flow through a proxy port is represented by an interface block in which the receptions for the incoming and outgoing information objects are defined. The information objects are represented by signals. The use of 
interface blocks and signals is described in the chapters 5.2.3 (Model view "Information Flow"), 6.2.9.4 (Signal event) and 6.2.10.1 (Event-driven responses using signals).

6.1.5 Action language

The EULYNX methodology follows the objective of creating executable specification models. In order to specify the necessary executable behaviours in a target language independent way, the Atego Structured Action Language 
(ASAL) is used. 

ASAL is used to specify block operations or Event Action Blocks that define the transition effects on state machine diagrams.

A description of the basic statements of ASAL is provided below:

6.1.5.1 Logical operators

⦁ Greater than: >

⦁ Less than: <

⦁ Greater than or equal: >=

⦁ Less than or equal: <=

⦁ Equal: = 

⦁ Not equal: <>

⦁ Conjunction: AND

⦁ Disjunction: OR

⦁ Negation: NOT

⦁ Exclusive disjunction: XOR

The logical operators "AND", "OR", "NOT" and "XOR" are written in capital letters.

6.1.5.2 Data types

As the EULYNX specification approach follows the objective of creating executable specification models, the range of data types is limited to data types the simulation tool SySim supports. 
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Only the SySim value types, including the redefined data types "PulsedIn" and "PulsedOut" are used for the specification of systems requirements:

⦁ Boolean

⦁ DateTime

⦁ Single

⦁ String

⦁ Decimal

⦁ Double

⦁ Long

⦁ Integer

⦁ Timespan

⦁ PulsedIn

⦁ PulsedOut 

The data types “PulsedIn” and “PulsedOut” represent redefinitions of the data type Boolean and are exclusively reserved to be assigned to Trigger Ports (T-Ports). That is, a Trigger In Port is typed with the data type "PulsedIn" and 
a Trigger Out Port with the data type "PulsedOut".

Data type "PulsedOut"
Outgoing data typed with “PulsedOut” (as default false) that are set to true (for example, T1out_Cd_indicate_signal_aspect := true) automatically change back to false after a defined time. The defined time frame is sufficient to 
trigger a transition in a receiving state machine. 

Data type "PulsedIn"
Incoming data at receiver side typed with “PulsedIn” apply the behaviour of the corresponding outgoing data at sender side typed with “PulsedOut”.

For the typing of proxy ports, the specially adapted interface blocks are used:

⦁ IBoolean

⦁ IDateTime

⦁ IDecimal

⦁ IDouble

⦁ IInteger

⦁ ILong

⦁ ISingle

⦁ IString

The data types "PulsedIn" and "PulsedOut" can only be used with flow ports but not in connection with proxy ports. 

6.1.5.3 Reading the value of a port

The value of a port may be read using the name of the port on its own:
The syntax is as follows: 
<A> := <port>;

Where:

<port> specifies the port whose value is being read.

<A> specifies for example the value property the value of the port is to be assigned to.

Example:
Mem_D1_Signal_aspect := D1_Signal_aspect;

6.1.5.4 Setting the value of a port
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The value of a port may be set using the name of the port:
The syntax is as follows: 
<port> := <value>;
Where:
· <port> - specifies the port whose value is being set.
· <value> - specifies the value that is being set for the port. 

Example:
T1_Cd_Indicate_signal_aspect := true;

6.1.5.5 Calling an operation

To call an Operation item in ASAL, reference the Operation with its default (the default is 'This'). You must use parentheses for the operation, even if there are no parameters to pass.
The syntax is as follows: 
<operation> ([<parameters>]);
Where:
· <operation> - specifies the operation that is being called. 
By default, the Operation is called against 'This'. 
· <parameters> - specifies any parameter values that are passed to the operation that is being called.

Examples:
MyOperation(True);
OperationWithNoParameters();

6.1.5.6 Assigning values to variables

Values can be assigned to variables. 
The syntax is as follows: 
<variable> := <expression> ;
Where: 
· <variable> - specifies the variable that is being assigned.
· <expression> - specifies the value that is being assigned, which can be defined through an expression.

Example:
Mem_ped_wait := False;

6.1.5.7 Conditional execution of code
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The if, then, else statements provide a mechanism for conditional execution of code. 
The syntax is as follows: 
if <condition> then
... //code to execute
elseif <condition> then
... //code to execute
else
... //code to execute
end if
Where: 
· <condition> - specifies the condition that is being tested. 

Example:
if A < 100 then
A := A + 1;
elseif B < 100 then
B := B + 1;
else
NowStop := True;
end if

6.1.5.8 While loops

The while loop provides a mechanism for executing code while a condition is true.
The syntax is as follows: 
while <condition>
... //code to execute
end while
Where: 
· <condition> - specifies the condition that is being tested. 

Example:
while A < 100
A := A + 1;
end while

6.1.5.9 Case selection

The case selection provides a mechanism for executing code when a case is true.
The syntax is as follows (note that there can be many cases): 
select case <condition>
case <condition>:
... //code to execute
case else:
... //code to execute
end select
Where: 
· <condition> - specifies the condition that is being tested.

Example:
select case A + B
case 200:
ResultIs200 := True;
case else:
ResultIs200 := False;
end select

6.1.5.10 Return statement
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The Return statement can return the result of an expression.
The syntax is as follows: 
return <expression> ;
Where: 
· <expression> - specifies the expression that returns the result. 

Example:
return A + B;

6.2 Concept and interpretation of state machines

In the following, the term "Functional Entity" and the corresponding abbreviation "FE" stand for both a Functional Entity and a Technical Functional Entity (TFE).

A FE is always in a state that abstracts a combination of values given in the FE. Events arriving at the FE lead to reactions - depending on the state - that change values of SysML out ports or SysML block properties, invoke a local 
trigger or a call operation or send a signal via a port and result in new states. 

The state machine diagrams (see figure 32) are children of the state machine and illustrate its behaviour, i.e. they describe the stimulus-response behaviour of a FE. The state machine contains states and state transitions that are 
triggered by trigger in ports, data in ports, internal broadcast events as well as timing events. The state transitions represent the binding functional requirements of the system to be specified. 

Figure 32 Example of a state machine diagram

6.2.1 Region

Each state machine contains at least one region, which itself can contain a number of states and pseudostates, as well as the transitions between them. During execution of a state machine, each of its regions has a single active 
state that determines the transitions that are currently viable in that region. A region must have an initial pseudostate and can have a final state that correspond to its beginning and completion, respectively. 

If a state machine contains a single region, it is represented by the area inside the frame of the state machine diagram and it is not to be named. Multiple regions are named and shown separated by dashed lines. A state machine 
with multiple regions may describe some concurrent behaviour happening within the state machine's owning block.

6.2.2 State

The UML specification defines a state as „a situation during which some (usually implicit) invariant condition holds. The invariant may represent a static situation such as an object waiting for some external or internal event to 
occur“. The „object“, in the present case the FE, is waiting for a stimulus from its environment or for an internal stimulus such as a time event or a local trigger. 

Thus, a state represents a "between stimuli" condition of the external observable stimulus-response behaviour of a FE. In other words, it specifies the responses to incoming stimuli. 

It is helpful to use the analogy that a block, i.e. the FE, is controlled by a switch. Each state corresponds to a switch position. The state machine defines all valid switch positions (i.e. states) and transitions between switch positions 
(i.e. state transitions). If there are multiple regions, each region is controlled by its own switch with its switch positions corresponding to its states. The switch positions can be specified by a form of truth table - similar to how logic 
gates can be specified - in which the current states and transitions define the next state.
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In the example depicted in figure 33, the state ST2 represents a "between stimuli condition", i.e. it constitutes the precondition for triggering a response in the form of Effect_1. Following the analogy that the FE is controlled by a 
switch, the switch would be positioned to ST2.  When Event_3 occurs Effect_1 is executed while the FE changes to state ST3.

Figure 33 Example of a state specifying a response

In the EULYNX requirements specification documents there are below the depicted state machine diagrams (as for example depicted in figure 33) the corresponding state transitions listed as atomic mandatory functional 
requirements:

Info | Initial
Req | {Initial - ST1}
Info | ST1
Req | Event_1/{ST1 -ST2}
Info | ST2    
Req | Event_2/{ST2 -ST1}
Req | Event_3/Effect_1; {ST2 - ST3}

Info | ST3

A state is represented on the state machine diagram by a round-cornered box containing its name.

Kinds of states:

The following three kinds of states are distinguished:

⦁ simple state (state with no regions and therefore without nested states), 

⦁ sequential state (state with exactly one region) and

⦁ concurrent state (state with at least two regions)

Each state may contain entry and exit behaviour that are performed whenever the state is entered or exited respectively.  Entry and exit behaviour are described as text expressions using the chosen action language preceded by 
the keywords entry or exit and a forward slash.

A state machine can contain transitions, called internal transitions, which do not effect a change in state. An internal transition has the same source and destination and, if triggered, simply executes the transition effect.
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By contrast, an external transition with the same source and destination state - sometimes called a transition-to-self - triggers the execution of that state's exit and entry behaviour as well as the transition effect.

Additional to the states, SysML includes a number of pseudostates to provide additional semantics. The difference between a state and a pseudostate is that a region can never stay in a pseudostate, which merely exists to help 
determine the next active state.

The EULYNX methodology adopts the following SysML pseudostates:

⦁ initial pseudostate, 

⦁ final state,

⦁ choice pseudostate,

⦁ fork pseudostate and 

⦁ join pseudostate.

Pseudostates have a defined name, that may be visible on the diagrams.  

6.2.3 Initial pseudostate and final state

An initial pseudostate is shown as a filled circle. It is used to determine the initial state of a region (see figure 34). The outgoing transition from an initial pseudostate may include an effect. Such effects are often used to set the 
initial values of properties used by the state machine (e.g. call operation cOp1_init() shown in figure 34).

A final state is shown as a bulls-eye (i.e. a filled circle surrounded by a larger hollow circle). It indicates that a region has completed execution (see figure 31. When the active state of a region is the final state, the region has 
completed, and no more transitions take place within it. Hence, a final state can have no outgoing transitions. 

6.2.4 Choice pseudostate

A choice pseudostate is shown as a white diamond with one transition arriving and two or more transitions leaving. It is used to construct a compound transition path between states. The compound transition allows more than one 
alternative path between states to be specified, although only one path can be taken in response to any single event.

Multiple transitions may either converge on or diverge from the choice pseudostate. When there are multiple outgoing transitions from a choice pseudostate, the selected transition will be one of those whose guard evaluates to true 
at the time after the choice pseudostate has been reached. This allows effects executed on the prior transition to affect the outcome of the choice.

When a choice pseudostate is reached in the execution of a state machine, there must always be at least one valid outgoing transition. If not, the state machine is invalid.

If a compound transition contains choice pseudostates, any possible compound transition must contain only one trigger, normally on the first transition in the path.

6.2.5 Fork pseudostate

A fork pseudostate is shown as a vertical or horizontal bar with transition edges either starting or ending on the bar.

It has a single incoming transition and as many outgoing transitions as there are orthogonal regions in the target state. Unlike choice pseudostates, all outgoing transitions of a fork are part of the compound transition. When an 
incoming transition is taken to the fork pseudostate, all the outgoing transitions are taken.

Because all outgoing transitions of the fork pseudostate have to be taken, they may not have triggers or guards but may have effects.

6.2.6 Join pseudostate

A join pseudostate is shown as a vertical or horizontal bar with transition edges either starting or ending on the bar.

The coordination of outgoing transitions from a concurrent state is performed using a join pseudostate that has multiple incoming transitions and one outgoing transition. The rules on triggers and guards for join pseudostates are 
the opposite of those for fork pseudostates. 

Incoming transitions of the join pseudostate may not have triggers or a guard but may have an effect. The outgoing transition may have triggers, a guard and an effect.

When all the incoming transitions can be taken and the join's outgoing transition is valid, the compound transition can occur. Incoming transitions occur first followed by the outgoing transition. 

6.2.7 Simple state

As shown in the examples depicted in figure 33 (states ST1, ST2, ST3) and figure 34 (state "OPERATIONAL"), a simple state has no regions and therefore no nested states. 

A simple state may, like any kind of state, contain entry behaviour, that is executed immediately upon entering the state, exit behaviour, that is executed immediately before exiting the state, and behaviour executed during internal 
transitions. (see figure 34). All three kinds of behaviour are not interruptible.
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Figure 34 shows a simple example of a FE defining the functionality "Indicate signal aspect" of a light signal (LS) with a single OPERATIONAL state in its single region. A transition from the region's initial pseudostate goes to the 
OPERATIONAL state. On entry, the light signal indicates that it is operational, setting the value of the out port "D3_Operational" to true, and on exit it indicates a non operational status, setting the value of "D3_Operational" to false. 
While the light signal is in the state OPERATIONAL, it may receive commands to indicate a transmitted signal aspect (T1_Cd_Indicate_signal_aspect) and indicate it (D2_Signal_aspect). When in the OPERATIONAL state, the 
intrasystem event "T4_SIL_not_fulfiled" triggers a transition to the final state, and because there is only one single region, the state machine terminates. 

Figure 34 Example of a simple state

6.2.8 Transition

A transition specifies a change of state within a state machine. It is a directed relationship between a source and a destination state, and defines an event (trigger) and a guard (condition) that both lead to the state transition, as 
well as an effect (behaviour) that is executed during the transition. Source and destination can be the same state (see T2 in figure 35).

Run to completion:

State machines always run to completion, which means that they are not able to consume another event until the state machine has completed the processing of the current event. Thus, the next event will be consumed only if all 
effects (behaviour) of the previous event have been completed.

Run to completion does not mean that a state machine owned by a FE interconnected with neighbouring FE monopolises all FEs in this network until the run to completion step is complete.
The preemption restriction only applies to the context of the corresponding FE.

An event that cannot be consumed, for example because there is no matching transition, is discarded.

Transition notation:

A transition is shown as an arrow between two states, with the head pointing to the target state.

Transitions-to-self are shown with both ends of the arrow attached to the same state (see T2 in figure 35).

Internal transitions are not shown as graphical paths but are listed on separate lines within the state symbol (see T7 in figure 35).

The definition of the transition's behaviour is shown in a formatted string on the transition with the event first, followed by a guard in square brackets, and finally the transition effect preceded by a forward slash (event-effect block 
or even-action block). As shown in figure 35, any or all of the behavioural elements as event, guard and effect may be omitted. In T5 for example, all the behavioural elements are omitted. Transition T3, to give another example, is 
only triggered by an event without guard and effect. 

Event:

An event specifies some occurrence that can be measured with regard to location and time and causes a transition to occur.  Descriptions of the triggering events are provided in chapter 6.2.9 "Event". 

Guard:

The transition guard contains an expression that must evaluate true in the moment of the triggering event so that the transition is performed (see T1, T4 and T7 in figure 35). The guard is specified using a constraint which includes 
an expression formulated in the applied action language to represent the guard condition. If preceded by an event (see T1 and T7 in figure 35) and if the event satisfies a trigger, the guard on the transition is evaluated. If the guard 
evaluates to true, the transition is triggered; if the guard evaluates to false, then the event is consumed with no effect.
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Transitions can also be triggered by internally generated completion events. For a simple state a completion event is generated when the entry behaviour (for example Entry/effect3 in figure 35) has completed.

Thus, where a guard is shown without a preceding event (see T4 in figure 35), the guard condition is evaluated immediately after entering the source state, i.e. after its entry behaviour has completed, and a transition takes place if 
true, triggered by the generated completion event of the source state. 

Please note: if the guard condition of a transition without trigger changes to true while the state machine is already in the source state (for example in state ST2), the guard condition won't be evaluated and no transition will take 
place. 

Effect:

The effect is a behaviour executed when entering or exiting a state (entry and exit behaviour, respectively), during an internal transition (see T7 in figure 35) and during the external transition from one state to another (see T1 in 
figure 35). If an external transition is triggered, first the exit behaviour of the current (source) state, then the transition effect and finally the entry behaviour of the target state are executed.           

Descriptions of the effects used in the methodology underlying this Modelling standard are provided in chapter 6.2.14 "Effect".

A transition may also be formulated textually as atomic functional requirement:
Event [Guard]/Effect {Source state - Target state}.

Figure 35 Transition notation

6.2.9 Event

An event specifies some occurrence that can be measured with regard to location and time and causes a transition to occur.

In the EULYNX methodology, the following types of events are used:

⦁ Change event,

⦁ Time event

⦁ Internal broadcast event

⦁ Signal event.

6.2.9.1 Change event
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A change event indicates that some condition has been satisfied, that is, the value of a specified Boolean expression holds. A defined change event occurs during system operation each time the specified Boolean expression toggles 
from false to true.  Change events are continuously evaluated.

According to the EULYNX methodology, the Boolean expression of a change event may contain the following arguments: 

⦁ Data In Port,

⦁ block property

⦁ block operation.

Notation of change events:

Change events use the term „when“ followed by the Boolean expression that has to be met in parenthesis. Like other constraint expressions, the Boolean expression is to be expressed in text using the applied action language:

when(boolean expression)[guard]/effect;

6.2.9.2 Time event

A time event indicates that a given time interval has passed since the current state was entered.

Notation of time events:

Time events use the term "after“ followed by the time period (in milliseconds by default) in parenthesis, e.g. after(D1_Con_t1) as depicted in figure 36. 

"after" indicates that the time is relative to the moment the state is entered. The transition T1 shown in figure 36 is, for example, triggered after the time  D1_Con_t1 has expired. The time starts on entering the state ST1.
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Figure 36 Example of the usage of time events

6.2.9.3 Internal broadcast event

Internal broadcast events occur when corresponding SysML block operations are invoked. They are supposed to submit broadcasts within the state machine of a FE.

In figure 37 for example, the SysML block operations bc1_Bc_info() and bc2_Bc_info() represent internal broadcast events. During transition T1, the internal broadcast event bc1_Bc_info() is invoked in order to trigger transition T3. 
Furthermore, during transition T4, the internal broadcast event bc2_Bc_info() is invoked to trigger transition T2.
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Figure 37 Example of the usage of internal broadcast events

6.2.9.4 Signal event

A signal event is generated when a reception of an interface block receives a signal. This is then used in the state model to trigger a state transition (1).



Interpretation rules for model-based requirements

© EULYNX Partners Page 54 of 60

ID

Eu.ModIn.701

Eu.ModIn.490

Eu.ModIn.492

Eu.ModIn.493

Eu.ModIn.494

Eu.ModIn.495

Eu.ModIn.703

Eu.ModIn.496

Requirements

Figure 38 Example of a signal event

6.2.10 Effect

An effect is a behaviour executed when entering or exiting a state (entry and exit behaviour, respectively), during an internal transition or during an external transition from one state to another. 

The sequence of effect execution is demonstrated in figure 39. Transition T1 is taken immediately on completion of effect1. The sequence of effect execution when event2 occurs (T3) is: effect4, then effect5, then effect2. Event1 
generates only one effect (T2): effect3. 

Figure 39 Sequence of effect execution

The following elements of behaviour may be represented as effect:

⦁ Event-driven responses using signals, 

⦁ Responses in form of continuous flows,

⦁ Call behaviour.

6.2.10.1 Event-driven responses using signals

As shown in Figure 40, signals (1) are sent as an effect of a state transition or triggered in a block operation via the corresponding port (2) of the respective FE. 
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Figure 40 Sending a signal

6.2.10.2 Responses in form of continuous flows

A response is sent in form of a continuous flow by assigning the desired value to a data out port, e.g. D1out_Temperature := 40.

All out ports are initialised. The initialisation can be carried out in the body of the init-block operation systematically named cOp1_init(). Alternatively it can be carried out directly in the transition effect of the transition outgoing from 
initial state of the state machine.

Furthermore, the sender of a response must always configure the current value of the Data Out Port.

6.2.10.3 Call behaviour

Call behaviour is invoked on demand, executed and terminated after execution. It is supposed to define event-driven data transformations. The algorithm of the data transformations is to be described in the body of the 
corresponding block operation.

6.2.11 Composite state

States can have regions. Such states are called composite states or hierarchical states. They allow state machines to scale to represent state-based behaviour of any complexity. A composite state may have one single region 
(sequential state) but also multiple orthogonal regions (concurrent  state or orthogonal composite state).

Instead of using a region to decompose the behaviour of a state, a state machine diagram may be assigned to the corresponding state alternatively, defining its behaviour. 

Each region or state machine diagram assigned to a state has a set of mutually exclusive disjoint subvertices and a set of transitions. In other words, it typically will contain an initial pseudostate and a final state, a set of 
pseudostates, and a set of substates, which may themselves be composite states.

Any state enclosed within a region of a composite state is called a substate of that composite state.

6.2.12 Sequential state

A sequential state, such as ST2 shown in the example depicted in figure 41, is a composite state that has one region.
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Figure 41 shows the decomposition of the state ST2 into the substates ST2_1 and ST2_2. On entry to the state ST2, two entry behaviours are executed: the entry behaviour of ST2, T9_Response_1 := true and then the entry 
behaviour of ST2_1, T15_Response_7 := true. This is because on entry, as indicated by the initial pseudostate, the initial substate of ST2 is ST2_1.

When in state ST2_1, T2_Stimulus_2 will cause the transition T2 to the state ST2_2 and will successively process T16_Response_8 := true, T12_Response_4 := true and T13_Response_5 := true. If T5_Stimulus_5 is received while 
in state ST2_2, the change event will trigger the transition T4 to the final state.  A completion event is generated when the final state is reached, triggering the transition T5 to state ST1. When leaving ST2, T11_Response_3 := true 
is executed.

A composite state (sequential state or concurrent state) may be porous, which means transitions such as transition T3  and T6 shown in figure 41 may cross the state boundary, starting or ending on states within its regions.

In the case of a transition ending on a nested state, such as transition T6 shown in figure 41, the behaviours are executed in this order:

1. the effect T14_Response_6 := true of the transition T6,

2. the entry behaviour T9_Response_1 := true of the composite state, 

3. the entry behaviour T13_Response_5 := true of the transition's target nested state.

In the opposite case, such as transition T3 shown in figure 41, the behaviours are exited in this order:

1. the exit behaviour T16_Response_8 := true of the source nested state,

2. the exit behaviour of the composite state T11_Response_3 := true is executed, 

3. the transition effect T17_Response_9 := true.

In the case of more deeply nested state hierarchies, the same rule can be applied recursively to all the composite states whose boundaries have been crossed.

If T1_Stimulus_1 is received while in state ST2, the change event will trigger the internal transition T7 and the effect T10_Response_2 := true will be executed without a change of state.

Figure 41 Example of a sequential state
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6.2.13 Concurrent state

A concurrent state as shown in figure 42, sometimes also called an orthogonal composite state, contains at least two regions.

When a concurrent state is active, each region has its own active state that is independent of the others, and any incoming event is independently analysed within each region.

A transition that ends on the concurrent state, such as transition T1 in figure 42, will trigger transitions from the initial pseudostate of each region, so there must be an initial pseudostate in each region for such a transition to be 
valid.

Similarly, a completion event for the concurrent state will occur when all the regions are in their final state.

When an event, as for example the internal broadcast event bc1_Bc_info shown in figure 42, is associated with triggers in multiple orthogonal regions, the event may trigger a transition in each region (e.g. transitions T3 and T5 ), 
assuming the transition is valid based on the other usual criteria.

Please note: a transition can never cross the boundary between two regions of the same concurrent state.

In addition to transitions that start or end on the concurrent state, such as transition T1 in figure 42, transitions from outside the concurrent state may start or end on the nested states of its regions. In this case, one state in each 
region must be the start or end of one of a coordinated set of transitions. This coordination is performed by a fork pseudostate in the case of incoming transitions, such as T8.1, T8.2 and T8.3 in figure 42, and a join pseudostate for 
outgoing transitions, such as T6.1, T6.2 and T6.3 in figure 42.
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Figure 42 Example of a concurrent state

6.2.14 Decomposition of states using state machine diagrams

Instead of decomposing the behaviour of a state within a region of a sequential state or multiple regions of a concurrent state, the behaviour may alternatively be specified by a state machine diagram assigned to the corresponding 
state (see figure 43). 

The region of the corresponding state machine diagram typically will contain an initial pseudostate and a final state, a set of pseudostates, and a set of substates, which themselves may be decomposed by state machine diagrams.

As illustrated in figure 43, a transition (e.g. transition T1) ending on a state (e.g. state ST2) that is refined by a state machine diagram will trigger the transition from the initial pseudostate of the diagram to its initialising state (e.g. 
state ST2_1). 

Similarly, when the behaviour specified on the state machine diagram completes (e.g. the final state is entered after triggering the transition T2), it will generate a completion event that can trigger transitions (e.g. transition T3) 
whose source is the state (e.g. state ST2) the state machine diagram is assigned to. 
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Figure 43 Principle of decomposing states by means of state machine diagrams

6.2.15 Transition firing order in nested state hierarchies

The same event may trigger transitions at several levels in a state hierarchy, and with the exception of concurrent regions, only one of the transitions can be taken at a time. Priority is given to the transition  whose source state is 
innermost in the state hierarchy.

Suppose the state machine depicted in figure 44 is in its initial state (i.e. in state ST1_1_1 and ST1_2_1). The stimulus T1_Stimulus_1 is associated with the triggers of the transitions T1, T2 and T3, each with guards based on the 
value of  D2_No.

The following list shows the transitions that will fire upon receipt of T1_Stimulus_1 based on values of D18_No from -1 to 1 if the system is in the states ST1_1_1 and ST1_2_1:

⦁ D2_No equals -1: transition T3 will be triggered because it is the only transition with a valid guard;

⦁ D2_No equals 0: transition T1 will be triggered because, although transition T3 also has a valid guard, state ST1_1_1 is the innermost of the two source states; or

⦁ D2_No equals 1: both transitions T1 and T2 will be triggered because both their guards are valid.

The normal rules for execution of exit behaviour apply, so, before the transition from state ST1 to state ST2 can be taken, any exit behaviour of the active nested states of state ST1, as well as the exit behaviour of state ST1, must 
be executed.
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Figure 44 Illustration of transition firing order

6.2.16   Interaction between state machines 

State machines in different blocks, may interact with one another by sending stimuli and returning responses. For example, the state machine of one block can send a stimulus to another block as part of a transition effect or state 
behaviour. The event corresponding to the receipt of this stimulus by the receiving block can trigger a state transition in its state machine. 

Thus, different behaviour, each specifying a certain functionality of the system, may be encapsulated in blocks and interconnected with each other in a network of FEs or TFEs, i.e. in a Functional or Technical Functional Architecture.   

6.2.17 Binding (see chapter 2.1)

Diagram of model view "Functional Entity" (ibd and stm) and all model elements contained therein and not listed separately have a ''Def'' binding.

Diagram of model view "Technical Functional Entity" (ibd and stm) and all model elements contained therein and not listed separately have a ''Def'' binding.

The algorithm defined in a time advanced operations has a ''Req'' binding.

The algorithm defined in a time advanced operation represents the mandatory externally visible behaviour of a FE or TFE in place of or in cooperation with a state machine. 

Transition or transition sequence  have a ''Req'' binding.

Please note: The manufacturer shall demonstrate the externally visible stimulus-response behaviour of a SUS or the application protocol (global behaviour) of a SIUS. A stimulus-response pair (interaction) is defined either by a 
single transition or by several transitions in sequence. In the former case, the transition is considered a binding requirement. In the case of multiple transitions, this transition sequence can also be proven as a binding requirement. 
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