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1 EXECUTIVE SUMMARY

1.1 Introduction

The present deliverable is of the type “other”, and it addresses the intermediate stage of a Systems
Engineering Product Development process, which aims at designing and optimizing a system starting from
identifying stakeholders and needs and including other activities such as requirements engineering. More
specifically, D2.3 focuses on the System Architecting phase of the development process, which encompasses
identifying functions to be performed by the system, allocating functions to different logical/physical
components, and generating instances of system architecture. The deliverable presents the guideline and the
process defined in AGILE 4.0 project for the system architecting. The deliverable D2.3 is publicly available,
and the produced guideline is shared through the public link of the AGILE 4.0 Cloud:
https://www.agile4.eu/cloud/index.php/s/xSafgaja7R3YjxX.

1.2 Brief description of the work performed and results achieved

The research activities documented in this deliverable include a literature survey on system architecting, and
investigation on Systems Engineering processes and Architectural Frameworks.

A first version of the process and guideline for system architecting developed in the project has been presented
to the AGILE4.0 Consortium at the M18 during a virtual workshop. The process and guideline have been applied
by the partners for the development of the seven Application Cases, and feedback has been collected.
Following, the process and guideline have been revised and are now modeled and documented in the present
report. Additional virtual workshops have been organized and contributed to refining and improving the work,
eventually bringing to the results collected in the current version of the deliverable.

1.3 Deviation from the original objectives

1.3.1 Description of the deviation

The activities in preparation of the present deliverable were originally planned to start in September, 2020.
The actual work started in January 2021 due to some delays in the project activities and the late start of WP2.
In addition, due to the COVID-19 crisis, planned physical meetings had to be turned into web meetings,
negatively impacting the progress.

1.3.2 Corrective actions

Apart from turning physical meetings into web meetings and shifting the deadline of actions and the
deliverable D2.3 forward in time, no corrective actions were required.
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2 INTRODUCTION

2.1 Aim of the deliverable and organization of the report

The deliverable D2.3 presents the process and guidelines for system architecting activities. Within the context
of the AGILE 4.0 project, system architecting is defined as the identification of alternative configurations of
the system. These alternative configurations consist of different components that aim at fulfilling the functions
that the system should provide. This deliverable aims to provide the process for generating and representing
system architectures.

The System Architecting phase represents the intermediated part of the Model-Based Systems Engineering
(MBSE) process being set up within the AGILE 4.0 project for the development of systems. The MBSE process
also includes the Application Case Definition phase (see deliverable D1.3 [1]) and the Multidisciplinary Design
Analysis and Optimization (MDAO) of systems. This process is schematized in Fig. 1.

System N System 7~ System ~ System 7~ System
Identification J_/# Specification I/ Architecting P_J Synthesis R/ Design

Fig. 1: Schema of the MBSE process addressed in AGILE 4.0 project.

This process starts with identifying system stakeholders and collecting their needs. Then, Concepts of
Operations (ConOps) are elaborated to describe through operational scenarios how the system will operate
during its life cycle and, therefore, to refine and validate the stakeholder needs. Validated needs are
afterwards transformed into requirements, which drive the system architecting and its development. In other
words, several potential solutions are defined by generating various system architectures consisting of
different logical components. The system architectures are finally desighed and optimized through MDAO
processes. This deliverable focuses on the third and fourth steps of the proposed MBSE process: System
Architecting and System Synthesis.

The present report describes the model of the process, ontology and viewpoints for system architecting. It is
organized as follows. Chapter 2 introduces the topic of the deliverable, and highlights the relations between
D2.3 and the other research activities of the project. Chapter 3 presents the MBSE Architectural Framework
being developed in AGILE 4.0, providing the definitions of Ontology, Viewpoint and Process. The Ontology that
includes the concepts of system architecting is described in Chapter 4. Chapter 5 collects and describes the
Viewpoints identified for the representation of system architectures. The system architecting process is
instead addressed in Chapter 6. Finally, the report presents conclusions and further remarks in Chapter 7.

The guidelines of deliverable D2.3 are made publicly available through diagrams in Diagram.net. The diagrams
can be downloaded from: https://www.agile4.eu/cloud/index.php/s/xSqfgaja7R3YjxX.

2.2 Deliverable in the context of AGILE 4.0 and organization of the research tasks

Fig. 2 shows the main relations between the present deliverable and the other activities of the AGILE 4.0
project.

The activities of deliverable D2.3 are driven by some of the needs identified in deliverable D1.2 [2], more
specifically stating the lack in the project of a guideline for system architecting. The derived system
architecting guideline has then been explained to the partners of the Application Cases, and used for the
preparation of deliverables D6.4 [3], D7.4 [4] and D8.4 [5]. These deliverables addressed the system
architecting activities of the seven Application Cases by adopting a model-based approach. Then, feedback
was collected from Work Packages WP 6, 7 and 8. This feedback was furtherly elaborated and a new guideline
was defined for D2.3 and used in preparation of deliverable D4.6 [6] of WP4, which is about a model-based
approach for system architecting. In other words, D4.6 presents the types of model that should be used in
AGILE 4.0 for the representation of system architectures.
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3 AGILE 4.0 MBSE ARCHITECTURAL FRAMEWORK

One of the goals of the AGILE 4.0 project is the definition of a new MBSE Architectural Framework. The
ISO/IEC/IEEE 42010 standard defines an architectural framework as a set of:

“..conventions, principles and practices for the description of architectures established within a specific
domain of application and/or community of stakeholders.” [7]

In other words, an architectural framework is a guideline that can be used to represent system architectures.
An architecture is a formal description of a system, its behaviour and the relationships among all the entities
composing the system.

The MBSE Architectural Framework developed in AGILE 4.0 is structured in four layers, as shown in Fig. 3.

System of

Systems
System of B

Interest

Design Q& E
System %

Fig. 3: Four-layer structure of the MBSE Architectural Framework addressed in AGILE 4.0 project.

One layer focuses on the System of Interest, which is the system being designed and optimized. The System
of Interest can be for example an aircraft, a subsystem (e.g. ATA 24 - Electrical System) or a component (e.g.
an electric generator), but also an enabling system, like a Supply Chain or a production system. The MBSE
approach schematized in Fig. 1 is employed for the development of the System of Interest. In AGILE 4.0
project, seven Systems Of Interest are developed in WP6-7-8.

The System of Interest can be developed through a Design System, which is represented by a different layer.
This layer encompasses all the Systems Engineering and MDAO processes required to develop the System of
Interest. Again, an MBSE approach can be employed for the definition, architecting and development of this
layer.

The development of a System of Interest needs several competences, which can be for example formalized
through disciplinary modules. Therefore, the lower layer Competences is part of the MBSE Architectural
Framework.

As mentioned before, the ultimate aim of the MBSE Architectural Framework is the development of Systems
of Interest. However, the same framework can be employed for the development of multiple systems operating
together according to the concept of System of Systems, which defines the fourth layer, the highest one.

The present deliverable focuses on the Design System layer, although the proposed guideline is used to
represent the architectures of a System of Interest.

Several architectural frameworks are available in literature (e.g. Zachman’s Framework [8], DoDAF [9], MODAF
[10], NAF [11] and TOGAF [12]). They are all characterized by the following elements:

- Ontology: definition of the concepts composing the architecture and their relationships [13].
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- Viewpoint: convention for the construction, interpretation and use of architectures from the
perspective of specific system concerns [7].
- Process: logical sequence of tasks performed to achieve a particular objective [14].

As explained in Section 2.1, this deliverable focuses on the third and fourth steps of the Systems Engineering
approach being adopted in the AGILE 4.0 project, namely System Architecting and System Synthesis.
Therefore, the ontology presented in this deliverable is about the elements addressed during system
architecting activities, e.g. function, logical/physical component, architecture design space. Analogously, the
viewpoints presented in the deliverable are focusing on the System Architecture perspective. Finally, the
system architecting process developed in WP2 includes the activities of: identification of system functions,
allocation of function to logical components, characterization of logical components, generation of instances
of system architectures and determination of physical components of generated system architectures. The
ontology, viewpoints and process for system architecting are described in the following Chapters.

It should be finally noted that the AGILE 4.0 MBSE architectural framework is employed in the frame of the
present deliverable to address the definition of Systems Of Interest. However, the proposed MBSE architectural
framework can also be adopted to address all the layers depicted in Fig. 3, therefore targeting also the
development of the Design System.

AGILE*°
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4 ONTOLOGY

4.1 Introduction

Three types of System Architectures are addressed in the present deliverables: functional, logical and physical
architectures [15]. Both, document and model-based approaches, can be adopted to represent these three
types. The following subsections define some elements regarding each kind of system architecture.

4.1.1 Functional architecture

The aim of the Functional Architecting part of the system architecting process is to identify all the functions
that the system (through its components) should fulfill [16]. These functions are called boundary functions
[17], and they are determined during the architecting process that focuses on a specific level of elaboration
of the system under design.

The definitions of the main concepts addressed in the Functional Architecting part of the system architecting
process are reported below together with some examples:

e System of Interest (or System under design): product being developed by the design team [18]

e Level of elaboration (of the system): specific level of the System of Interest in a hierarchy ranging
from a top system-level (e.g. aircraft-level) to a lower subsystem-level (e.g. wing-level) to a bottom
component-level (e.g. spar-level)

Example 1

System of Interest: Aircraft

15t level of elaboration: Aircraft
2" level of elaboration: Fuselage, Wing, Fuel system, Engine, Tail Plane
3 level of elaboration: Tanks, pumps, tubes

e Architecture (of a level of elaboration): describing how a system’s level of elaboration is organized
and operates, by allocating functions (what the system does) to components (how the system performs
its functions), and the definition of relationships among the components [19]

Example 2

1st level of elaboration > 2" level of elaboration:
Aircraft > Fuselage, Wing, On-board system, Engine, Tail Plane

2" level of elaboration = 3" level of elaboration:
Fuel system - Tanks, pumps, tubes

e Actor: person (human) or system, including a stakeholder, who is operating with the system’s level of
elaboration [18].

Example 3

Level of elaboration: Aircraft
Actor: Pilot, passenger, Ground Power Unit, Maintainer, Air Traffic Control

Level of elaboration: Fuel System
Boundary functions: Engine, Electric System, Refueling operator

AGILE*°
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e Boundary function: “what” a level of elaboration of the system should provide through its
architecture, determined from functional requirements. Boundary functions are solution-neutral, and
they are not determined on the basis of which components are part of the system architecture [17].

Example 4

Level of elaboration: Aircraft
Boundary functions: Generate lift, Provide thrust, Contain payload, Accommodate payload,
Control environment, Control the aircraft, Prevent icing

Level of elaboration: Fuel System
Boundary functions: Store fuel, Pressurize fuel, Distribute fuel, Jettison fuel, Measure fuel
quantity, Transfer fuel

e Use Case: Single high-level function of the level of elaboration assessed in a specific condition. This
condition refers to a particular situation during/in which the system operates (e.g. in cruise, in
emergency, during landing, at cruise altitude, on ground, in 1-engine-out condition). At least a Use
Case refines a functional requirement. A Use Case contains one or more boundary functions that are
derived from the high-level function [18]. A high-level function is a generic function that belongs to
the elaboration level (for example, an aircraft has to fly). Derived boundary functions specifies the
high-level function (for example, in order to fly, components of the aircraft shall generate lift and
generate propulsive power)

Example 5

Top Function: Control the aircraft
Use Case 1: Control the aircraft in flight
Use Case 2: Control the aircraft on ground

Top Function: Provide fuel
Use Case 1: Provide fuel in nominal cruise
Use Case 2: Provide fuel in 1-engine-out condition

e Functional scenario: representation in time of a Use Case, through all the boundary functions
included in it (adapted from [20]).

4.1.2 Logical Architecture

The aim of the Logical Architecting part of the system architecting process is to generate multiple
architectures having different logical components fulfilling all the boundary functions defined in the previous
system architecting part [18]. Components can also induce other functions - which are therefore called induced
functions - that are fulfilled by other components [17]. Moreover, each component can be specified according
to some characterization options (i.e. number of instances, Qols with possible values and types of component)
and connection options (ports define interfaces between components). The Architectural Design Space
represents all the possible system architectures that can be generated by taking architectural design decisions
[19]. These decisions encompass the selection of components and the specification of characterization and
connection options. These functions are called boundary functions, and they are determined during the
architecting process that focuses on a specific level of elaboration of the system under design.

The definitions of the main concepts addressed in the Logical Architecting part of the system architecting
process are reported below together with some examples:

e (Logical) component: element implemented into the system’s level of elaboration and fulfilling a
function (boundary or induced) (adapted from [19])

AGILE*°
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Example 7

Level of elaboration: Aircraft

Level of elaboration: Fuel System

fuel), Fuel line (F: distribute fuel)

Components (functions): Wing (F: provide lift), Engine (F: provide thrust),
Fuselage (F: contain payload), Landing gear (F: perform ground maneuvers)

Components (functions): Fuel tank (F: store fuel), Fuel pump (F: pressurize

Induced function: function that is induced from the selection of a component. These functions are

required by a component in order to perform the functions

it fulfills [17].

Example 8

COMP:
Fan

FUN:
Accelerate Air

FLUN:
Provide Power

Characterization option (of a component): number of component instances and attributes of a
component (e.g. "conventional” vs. "strut-braced” wing) [21]

Example 9

COMP:
Combustor

FUN:
Add Energy

T ]
| Fuel Type |

A

VAL:
Kerosine

VAL:
Bio Fuels

Connection option (of a component): connections between components, for example representing
location of the component with respect to other components or within the whole system architecture
(e.g. "wing-mounted" vs. "tail-mounted"” engines), or flows (e.g. mass, information, energy, etc.) [21]

Example 10

COMP:

COMP:
Turbine

Compressor

)

B
PORT:
Bleed

to Fput

COMP:
ECS
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Architectural decision: selection of logic components for fulfilling functions, selection of component
attribute values, decision on the number of components, decision on connections between
components [19]

Example 10

Accelerate Air
[ comp: ] [ comp: ]
Fan Compressor
(the function Accelerate Air is fulfilled by
EITHER a Fan OR a Compressor)

Architectural Design Space: model representing all possible functions, components and component
characterization and connection decisions [21].

Architecture instance: specific architecture instantiated from the Architectural Design Space by
assigning values to architectural decisions. Additionally, an architecture instance represents a real
configuration of a system and provides the logical basis for a physical architecture that can be
simulated/evaluated [21].

Architecture Design Space Architecture Instance 1 Architecture Instance 2

Example 11

FUN:
Generate Mech Power

fulfifd by
COMP:
Electric Motor

FUN:
Provide Electric E

FUN: FUN:
Generate Mech Power Generate Mech Power
ufiled b

fulfiled by

COMP: COMP:
Electric Motor Electric Motor

FUN: FUN:
Provide Electric E Provide Electric E
ufiled by

fulfilled by fulflled by

[

FUN:
Generate Mech Power
COMP:
Combustion Engine

FUN:
Generate Mech Power
ulfled by
COMP:
Combustion Engine

s ‘3
COMP: COMP: COMP: COMP:
Generator Battery Generator Battery
l“‘ ‘

fulfigd by

4.1.3

Physical Architecture

The main aim of the Physical Architecting part of the system architecting process is to instantiate the logical
architectures generated in the previous step by identifying physical components [15]. In AGILE 4.0, physical
components are characterized by Quantities of Interest (Qol) (e.g. masses, performance characteristics,
dimensions), which can be determined through MDAO processes. In fact, this step represents the shift from
components perspective to disciplinary competence perspective. In addition, results of MDAO processes are
verified against the non-functional requirements identified during the Application Case Definition part of the
Systems Engineering Technical Process, i.e. the first two steps in Fig. 1.

Page 13 of 25
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The definitions of the main concepts addressed in the Physical Architecting part of the system architecting
process are reported below together with some examples:

e Quantity of Interest (Qol): value addressed in MDAO processes. From the point of view of the
architecture evaluation, a Qol represents either an input to or an output from the evaluation. From
the point of view of the MDAQO process, a Qol can be interpreted as a design variable (input), a
configuration value (input), an objective (output), a constraint (output) or any other output parameter
that can be monitored during a MDAO process.

e (Physical) component: instance of a logical component through the definition of Qols.

Example 12

Logical Component: Engine

Physical Component: CFM56-5B

Quantities of Interest: Dry mass: 2500 kg; Takeoff thrust: 140 kN, By-pass
Ratio: 6.0; Specific Fuel Consumption (@Cruise): 0.545 b/ (lbf-h)

e Requirements Verification: process addressed to prove that the obtained solution (e.g. physical
architecture) complies with what stated by (non-functional requirements).

Example 13

Physical Component: CFM56-5B (engine)
Quantities of Interest: Dry mass: 2500 kg; Takeoff thrust: 140 kN

Requirement 1: The engine shall have a dry mass of max 2450 kg > Non-compliant
Requirement 2: The engine shall generate a thrust of min 135 kN in takeoff - Compliant

4.2 Ontology of System Architecture

An ontology representing the main concepts of system architectures (e.g. functions, components, architectural
space) and their relations (e.g. function induced by a component) is described in the present section and
depicted in Fig. 4. The model of the system architecting ontology can be visualized through a SysML Internal
Block Diagram, where all the system architecting elements are represented by the new stereotype «ontology
concept», introduced in the project.

The first relevant concept is the Level of the System of Interest, which is the level of elaboration of the
system that has to be architected. This level of the system has to provide different high-level functions, each
one of them expressed by a functional requirement. These types of requirements are refined by use cases,
which describe how actors interact with the level of abstraction of the system (e.g. a pilot provides commands
to the aircraft). In addition, use cases are made of multiple boundary functions, which are specializations of
functions. In fact, other types of functions are determined in the system architecting process, i.e. the induced
functions. The system functional behavior described by each use case can be represented in time through
functional scenarios.

Both boundary and induced functions are defining the system functional architectural design space, in which
solution-neutral and solution-specific functional architectures are included. The former ones are made of
only boundary functions, while the latter ones also include induced functions. Both functions should be
allocated to logical components, which all together form the system logical architectural space. Multiple
characterization and connection options characterize the different system components. Architecting
decisions are also part of the system architectural space, and they are taken by the system architects in order
to define specific system logical architectures.
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AGILE 4.0 project ontology of System Architecture represented through a SysML Internal Block Diagram.

Fig. 4
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Each logical architecture is then designed and optimized through an MDAO problem, which is driven by Qols
(e.g. constraints) extracted from the non-functional requirements and included in design vectors. The
results that are derived from the execution of MDAO problems determine and/or size physical components,
which are instantiations of logical components. All the physical components together form the system physical
architectural space, which includes multiple system physical architectures.
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5 VIEWPOINTS

Multiple viewpoints (see the definition in Chapter 3) are part of the MBSE architectural framework for the
representation of the system architecture model. All the viewpoints are collected in the SysML Package

Diagram of Fig. 5
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Fig. 5: AGILE 4.0 project viewpoints for system architecting represented through a SysML Package Diagram.
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As described in the following subsections, the proposed viewpoints make use of different modeling languages.
The most used language is an extension of SysML, named AGILE4Profile. As suggested by its name, this profile
has been developed within the frame of the AGILE 4.0 project, and it extends the standard SysML by
introducing new stereotypes, as described in the Appendix. The modeling language of the MBSE process
ARCADIA [22] (implemented in the tool Capella) is used as well in some viewpoints. Finally, the Architecture
Design Space Graph (ADSG) [21] is employed as a language to model architectural design spaces. Deliverable
D4.6 [6] reports more details about how the various modeling languages are employed in AGILE 4.0 to represent
system architectures.

5.1 Functional Architecture Viewpoints

During the system functional architecting process, four views can be created by adhering to the viewpoints
listed in the present subsection.

Context of the system’s level of elaboration Viewpoint

This Viewpoint is used to represent the actors interacting with the system’s level of elaboration

Context of the system’s level of elaboration

SysML Use Case Diagram (see D4.6 [6])

Use cases refining functional requirements Viewpoint

This Viewpoint is used to represent the «refine» link between functional requirements and use cases

Use cases refining functional requirements

SysML Requirements Diagram (see D4.6 [6])

List of functions Viewpoint

This Viewpoint is used to represent the list of boundary and induced functions performed by the system’s
level of elaboration

List of functions

SysML Block Definition Diagram (see D4.6 [6])

Functional scenario Viewpoint

This Viewpoint is used to represent use case in time

Functional scenario

SysML Activity and Sequence Diagrams (see D4.6 [6])
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5.2 Logical Architecture Viewpoints
Five viewpoints can be used to represent functional architectures.

Allocation functions - logical components Viewpoint

This Viewpoint is used to represent which logical components are allocated to which system functions

Allocation functions - logical components

SysML Activity Diagram; ARCADIA language ([LAB diagram]) (see D4.6 [6])

Architecture Design Space Viewpoint

This Viewpoint is used to represent all the components that fulfill the boundary and induced functions and
other architecting information (e.g. architectural decisions, characterization/connection options

Architecture Design Space Graph (see D4.6 [6])

Logical components of an architecture Viewpoint

This Viewpoint is used to represent the logical components of the architecture, and functions they provide
List of logical components

SysML Block Definition Diagram (see D4.6 [6])

Connections between logical components in an architecture Viewpoint

This Viewpoint is used to represent the connections and exchanges between logical components
Connections between logical components

SysML Internal Block Diagram (see D4.6 [6])

States of the logical components Viewpoint

This Viewpoint is used to represent the states of logical components, and the triggers, conditions and
effects associated to changes from state to state

States of the logical components

SysML State Machine Diagram (see D4.6 [6])
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5.3 Physical Architecture Viewpoints

Five viewpoints are recommended by the AGILE 4.0 project consortium to represent physical architectures.

List of physical components Viewpoint

This Viewpoint is used to represent the physical components of the architecture, the logical components
they are derived from, and some parameters (Qols

List of physical components

SysML Block Definition Diagram (see D4.6 [6])

Physical components satisfying non-functional requirements Viewpoint

This Viewpoint is used to represent the «satisfy» relationship between physical components and non-
functional requirements

SysML Requirement Diagram (see D4.6 [6])

Connection between physical components in an architecture Viewpoint

This Viewpoint is used to represent the physical links and exchanges between components
Connection between physical components in an architecture

ARCADIA language ([PAB] diagram) (see D4.6 [6])

States of physical components Viewpoint

This Viewpoint is used to represent the represent the states of physical components, and the triggers,
conditions and effects associated to changes from state to state
States of physical components

SysML State Machine Diagram (see D4.6 [6])

Interactions between physical components Viewpoint

This Viewpoint is used to represent the exchanges and interactions between physical components of a
system

Interactions between physical components

SysML Sequence Diagram (see D4.6 [6])
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6 PROCESS

This Chapter presents the process developed in AGILE 4.0 for the architecting of complex systems. As explained
before, three types of architectures are considered: functional, logical and physical. Therefore, the system
architecting process defined in the project can be divided into three parts, as described in the following
subsections.

6.1 Functional system architecting process

The functional architecting part of the system architecting process is schematized in Fig. 6, and its aim is to
identify all the functions that the system (through its components) should fulfill.

Functicnal Architecling ) .

|

Select the level of
abstraction of the
System of Interest

fystsn level

system lavel) Jsystem eval

Define the Context
(i.e. ext actors) of the
level of the system

external actors functional requirements

Collectsystem-level
Functional Requirements

For each
requirement

‘=xtgmal sotors

Identifymin 1 Use Case (top function +
condition) to refine the requirement

[nc more Use Cases]

For each
Use Case

[ne mere requirements]

Identify all boundary

functiens of the Use Case
Boundary Tunetion:
of present Use Case
Define flow (inlc. operands) - "

of

¥
Define Scenario
l'mﬁuﬂ flow

of present Use Case

Enrich the solulion-neutral
funclional architecture with the present
Use Case

‘Upda@ed solution-neutral

to logical architecting

Fig. 6: Functional part of the AGILE 4.0 system architecting process.

The functional architecting process focuses on as specific system’s level of abstraction (e.g. aircraft-level or
wing-level), for which all the functional requirements are collected. Boundary functions are then derived by
refining requirements through use cases. At least a use case refines a functional requirement, as recommended
by several methodologies available in literature, e.g. FAR (Functional Architecture by use case Realizations)
[20], FAS (Functional Architectures for Systems) [23] and SYSMOD [18]. A use case contains one or more
boundary functions that are derived from the high-level function. A use case - including all the boundary
functions that belong to it - can be represented in time, entailing therefore a functional scenario. Once all
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the boundary functions that the specific level of elaboration of the system has to perform are identified, the
architecting process can proceed with the following part, regarding the logical architecting.

6.2 Logical system architecting process
The logical architecting part of the system architecting process is schematized in Fig. 7, and its aim is to

generate multiple architectures characterized by different logical components fulfilling all the boundary
functions defined in the previous part.

from functionzl architecting

Logical Architecting ) l

For each

no more f

component?

[yes]
function function

Define logic component to Further breakdown

which allocate the funclion the function
functions

induced function
Determine i function res]
fegizsl

st of boundary and induced functions st of boundary and induced function
mappad to logic components mappad to logic componants

Alogical system Asolution-specific functional
architectural design space architecture design space is obtained
is obtained (boundary & induced functions)

whole logical system solution-specific functional system
architectural design space architectural design space
Filter architectures

by taking
architectural choices

For each
logical
component

[no more logical components]

Define Characterization of
the logic component

logical component {ink. characterization}

Define Connection options
of the logic component

I logical component (inke. connections)

Define additional Quantities of|
L—— Interest(e.g. engine BPR).
Parameters only

list of functions m.
to logical components
The logical system

architectural design space
is refined

refined logical sy stem architectursl design space

system logical design space

Select an architecure instance
from the design space

single sy stem architecturs

to physical architecting

Fig. 7: Logical part of the AGILE 4.0 system architecting process.
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Each boundary function previously defined is allocated to a least a logical component. For instance, the
components turbofan engine or turboprop engine can fulfil the function provide propulsive power.
Components can also induce other functions - the so-called induced functions - that are fulfilled by other
components. For example, an engine component would induce the induced function provide fuel. Moreover,
each component can be specified according to some characterization options (i.e. number of instances, Qols
with possible values and types of component) and connection options (ports define interfaces between
components). The Architectural Design Space represents all the possible system architectures that can be
generated by taking architectural design decisions. These decisions encompass the selection of components,
and the specification of characterization and connection options. The architecting decisions allow the
selection of one or more architecture instances from the Architectural Design Space that can be addressed in
the physical system architecting process.

6.3 Physical system architecting process

The aim of the physical architecting part of the system architecting process (see Fig. 8) is to identify suitable
physical components compliant with the non-functional requirements of the system’s level of elaboration. A
physical component instantiates a logical one by specifying characteristics such as performance, dimension,
or material attributes. For example, the CFM56 is a physical component characterized by certain mass, thrust,
fuel consumption, which instantiates the logical component turbofan engine. Physical architectures can be
derived from logical ones through the formulation and execution of MDAO processes. An MDAO process can be
set-up by identifying the test cases (e.g. disciplinary competence, as aerodynamics and structure) required to
verify the non-functional requirements of the system’s level of elaboration [24]. Moreover, the mapping
between architecture components and disciplinary competences can be done at this stage, as recommended
in [25], in order to make sure that the design team has all the necessary disciplinary tools required to design
and optimize a specific logical system architecture. Another example of linking the system architecting process
with the MDAO execution and the physical architecture is explored in [26]. Once an MDAO process has been
formulated and (successfully) executed, system solutions are determined. This step entails the verification of
requirements at the system’s level of elaboration and the determination of a physical architecture, designed
and possible optimized.

from logical architecting
from system definition

(requirements) MDO Process )
single system architecture
L non-functional requiremepts Exract Qol from non-f Quantities of Inferest all design Collect all the competence
lest cases {competence) requirements ’I‘ available
Formulate and execute
MDO process

MDO results.

Physical Architecting
and Verification

system performance system physical companents

Verify requirements Obtain a {optimal)
atsystem-level physical architecture

i st of requiremaents compiancy

Obtain requirements
compliance report

\—J.

.

Fig. 8: Physical part of the AGILE 4.0 system architecting process.
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7 CONCLUSIONS AND FUTURE DIRECTIVES

This deliverable presents the process and guideline for the system architecting activities defined in AGILE 4.0,
meaning the identification of functional, logical and physical architectures. The process, ontology and
viewpoints for system architecting are part of the MBSE architectural framework developed in the project.
The process and guideline addressed in the deliverable can be applied in both document and model-based
approaches.

The process, ontology and viewpoints for the system architecting have been iteratively developed in close
collaboration with the envisaged stakeholders: the Application Case developers in AGILE 4.0 WPs 6, 7 and 8.
During the development of the process and guideline, it became clear that awareness and close involvement
of stakeholders were important elements for acceptance, validation and are an essential basis for successful
application of the method.

Concluding, it can be stated that the process and guidelines developed in AGILE 4.0 and described in the
present deliverable (together with the enabling tools realized in the project) can effectively support and
improve the system architecting activities. However, some main limitations have also been identified, and
additional research should be carried out beyond the AGILE 4.0 project.

The first limitation is related to the iterative aspect of the system development process. The system
architecting process defines a new and lower level of elaboration, since components are identified to fulfill
all the (boundary) functions entailed from the high-level function belonging to an upper level (e.g. aircraft-
level). These components and their functions should generate new functional and non-functional requirements
at the new level of elaboration, therefore starting again the system architecting process. Nevertheless, this
“re-iteration” of the process has not be fully addressed in the project.

The second limitation focuses on the transition from logical to physical architecting. In reality, this transition
is not straightforward, but it involves several iterations, until the physical architecture is complete. This
iterative transition is not fully considered in the physical architecture process and the associated viewpoints
developed in AGILE 4.0 (and therefore neither completely supported by the enabling tools realized in the
project).
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