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Abstract

Requirements engineering represents the most crucial stage in the complex systems development process. Contemporary
methods of requirements engineering assume a wide application of models (described, for example, with such languages
as SysML or OPM), which allows to ensure the consistency and completeness of the system descriptions. The article
assesses the applicability of the Archimate language to support the process of requirements engineering when creating
complex technical systems. Requirements engineering method for complex technical systems, suitable for models
described by the Archimate language is proposed. Detailed example demonstrating the proposed method when
developing system requirements is given. The limitations of the Archimate language applicability for the engineering of
systems of various classes are described.

Keywords- Systems engineering, Requirements engineering, Archimate, Functional architecture, Requirements flow
down.

1. Introduction

Modern technical systems are becoming more complex, causing various problems associated with
their development. Requirements engineering is the most crucial stage in the complex systems
development. Contemporary methods of requirements engineering assume a wide application of
models (described, for example, with such languages as SysML, OPM or i*), which allows to ensure
the consistency and completeness of the system descriptions. When it comes to model-oriented
requirements engineering, one of two options is usually meant (Chistyakova et al., 2017; Klochkov
etal., 2017).

Requirements engineering process supported by the modeling of system and its environment, for
example, the operational concept, preliminary architectural descriptions, etc.

Requirements models showing the way, the requirements are interrelated. Such models are most
common in the approaches of goal-oriented requirements engineering (GORE), such as i * or KAOS.
These approaches are complementary and it is important to use models of both types for the
construction of a full-fledged method of requirements engineering. Within the framework of this
article, issues related to the first approach were considered (llin et al., 2017).

Systems modeling and requirements engineering are closely intertwined (Hull et al., 2011). SysML
Error! Reference source not found. and OPM are the most common systems modeling languages.
Being an extension of UML, SysML has become more widespread, but it has a number of
shortcomings (Davydov et al., 2018). For example, it is a not fact-oriented language, and it makes
more difficult the analysis and control of the model integrity. OPM, in turn, has very limited
expressive capabilities (Gravit et al., 2015; Gravit, et al., 2018)
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The Archimate language has been developed to support Enterprise Architecture processes. It
implements a number of original solutions, which made it simple and expressive at the same time.
However, it is not intended to support processes of requirements engineering and systems modeling
(Leventsov et al., 2017).

The hypothesis underlying this work is that the Archimate language can be used to support the
process of requirements engineering for complex technical systems, rather than to solve only EA
problems (Perlova et al., 2016) The applicability of the Archimate language to solve traditional
system engineering problems is poorly investigated (Grobshtein et al., 2007). The goal of the work
is to assess the applicability of Archimate in the development of systems of various classes. This
particular paper is devoted to the use of the language core only. The applicability of the Motivation
Extension, aimed to modeling of goals and stakeholder requirements, to support the process of
system requirements engineering, requires a separate study (Dubarenko et al., 2019).

2. Research Method
To assess the applicability of Archimate and to support requirements engineering in the traditional
systems engineering context, the following approach was chosen.

Functional Architecture by use case Realizations (FAR), the published method of requirements
engineering, was adopted. This method was chosen for a number of reasons. First, it has detailed
description. Second, detailed example of the application of this method (development of
requirements for an ATM and transition to requirements for ATM subsystems) was found (Pohl,
2010; Iliashenko et al., 2017).

The stages described in the FAR method were repeated using the Archimate language to model
different systems: ATM, Distiller, Fuel system of the aircraft. In this case, both the use context and
the system context were modeled, as well as allocation of requirements to system elements.

Workarounds were proposed in case of reveal of restrictions of the Archimate language for systems
modelling in the process of systems engineering (Zimmermann et al., 2015; llin et al., 2017).

Further, this approach was applied in the AWOS (Automated airport weather station) industrial
development project, using the pilot implementation mode (Bijan et al., 2013).

Simple Abstract Example was developed to demonstrate the applicability of Archimate for systems
modeling during Requirements engineering process.

3. Archimate Framework

This framework decomposes an enterprise along two dimensions: layers, which represent successive
abstraction levels at which an enterprise is modeled (business layer, application layer, technology
layer), and aspects, which represent different concerns of the enterprise that need to be modeled.

The Archimate language was depicts modeling framework underlies by Figure 1
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Figure 1. Archimate model building block

The aspect dimension distinguishes the following modeling aspects:

Structure aspect, which represents the actors (systems, components, people, departments, etc.)
involved and how they are related.

Behavior aspect, which represents the behavior (e.g., processes and services) that is performed by
the actors, and the way the actors interact.

Information aspect, which represents the problem domain knowledge that is used by and
communicated between the actors through their behaviors (ISO/PAS 19450:2015 — Automation
systems and integration).

The general structure of models within the different layers is similar (Figure 2). The same types of
concepts and relations are used, although their exact nature and granularity differ.

Passive Behavior Active
structure structure
Business
Application Layers
Technology
L T
Aspects

Figure 2. Archimate framework

First, the structural or static aspect and the behavioral or dynamic aspect are distinguished.
Behavioral concepts are assigned to structural concepts, to show who or what displays the behavior.
Second, there is a distinction between an external view (black-box) and an internal view (white-box)
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on systems in Archimate. When looking at the behavioral aspect, these views reflect the principles
of service orientation. The service concept represents a unit of essential functionality that a system
exposes to its environment. For the external users or systems, only this external functionality is
relevant. Services are accessible through interfaces, which constitute the external view on the
structural aspect (Krasnov, et al., 2018).

Although for the external users only the external view is relevant, the design of organizations or
systems and their internal operations and management also requires knowledge about the internal
realisation of the services and interfaces.

In addition to active structural elements (the business actors, application components and devices
that display actual behavior, i.e., the ‘subjects’ of activity), passive structural elements, i.e., the
objects on which behavior is performed are recognized.

4. Using Archimate for Systems Modelling
Systems modeling with Archimate makes it possible to describe the system as a black-box in the
form of a set of services and interfaces, without specifying the exact way these services are
implemented. Further the white-box details of the services implementation and the details of the
composition of the system itself can be described.

This differentiation is particularly convenient for requirements engineering: good requirements are
black-box descriptions and should not describe the implementation details. Then, when developing
the architecture, it will be necessary to choose the way the elements of the system interact to
implement the desired behavior at the system boundary (Eriksson et al., 2008).

The systems engineering process is recursive and is repeated in similar way at each level of the
system's decomposition. It is sufficient to consider the successive levels of the system hierarchy one
time only, to demonstrate the applicability of Archimate for modeling the system in requirements
engineering process.

Consider a simple example (Figure 3), a system which provides only one service (external function).

System /7
Requirements

AN AN

System Service T System  —D
— Interface

: ‘

Systermn £
Behavior ——a System Structure

Figure 3. Simple system under design
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To make it simple, consider only the technology layer. Since the requirements describe the system
as a black box, they are tied to elements which describe external view of the system, namely, to the
service and the interface.

Our goal is to determine the composition of the subsystems of our system and to establish the
requirements for them. To do this, it is necessary to determine the way the required behavior at the
system boundary (service) can be obtained. To do this, it is necessary to perform a functional
decomposition of the system's behavior. There are a number of methods for performing such
decomposition (TRIZ, FFBD, DFD, SADT). They are not the subject of this paper.

In our simple example it is supposed that the behavior required from the system can be obtained by
performing of two internally interrelated system behaviors (System Decomposed Behavior 1 and
System Decomposed Behavior 2) (Figure 4).

System 7 Systemn Service 2
Requirerments {]—
FAN
Systemn Behavior (-]
System (] System (]
Decomposed === Decomposed
Behavior 1 Behavior 2
7 v
Derived /7
System

Fequirements

Figure 4. System behavior decomposition

It is assumed that the way of implementation of each of these behaviors is known. At this stage,
derived requirements may arise, they relate to the functioning of the system, but no longer describe
it as a black box.

Along with the functional partitioning of the system, it is expected to define its constructive
partitioning, which allows to implement the specified system decomposed behaviors.

In our simple example it is supposed that two subsystems are sufficient for implementing the system
decomposed behaviors: Subsystem 1 and Subsystem 2. This can be expressed as shown in Figure 5
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Figure 5. System structure decomposition

Now it is required to allocate system decomposed behaviors to subsystems. Since subsystems are
considered as black boxes, only the services required from the subsystems are of the interest. Figure
6 depicts the way the transition goes from the system level to the subsystem level.

System Level
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| |
L 1
Subsystem 2 /7 ~ Subsystem1 O Subsystem1 -0
Requirements <] Service — Interface
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Behavior —————a  Subsystem1
Structure

Figure 6. Whole model of the example system
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This corresponds to an allocation matrix of size 2 to 2. For more complex systems, the size of the
matrix will be larger and it does not need to be square. The number of services must be greater than
or equal to the number of subsystems. If this rule is not met, then it is impossible to allocate all
services to subsystems, which means that further functional decomposition is required at the system
level as a whole.

Having such a functional allocation carried out, performance requirements allocation from the
system level to the subsystems can be made, thereby obtaining requirements for the subsystems. In
addition to the functional and performance requirements, the interface requirements will also come
up to the level of the subsystems.

Thus, description of subsystems is obtained in a form similar to initial system description, which
guarantees the possibility of recursive application of such an approach at any successive levels of
the system hierarchy.

The whole model for this simple system is shown in Figure 7.

System Level
System (A System [
Decomposed  ----#  Decomposed Systern Structure
Behavior1 Behavior 2
Subsystem Level
Subsystem1 O Subsystem2 O
Service Service
FAN FAN
Subsystem 2
Subsystem 2 [~
"""""""" Behavior +—a Subsystem 2 —
Structure
Subsystem 1
Subsystem1 [~
"""""""""""""""""""""""""" Behavior +—a Subsysteml —
Structure

Figure 7. System decomposed behavior allocation

5. Results

The proposed methodology makes it possible to move from requirements to the system as a whole
to the requirements for subsystems and to support this process by modeling to ensure completeness
and consistency of requirements. This indicates the possibility of using the Archimate language to
support the requirements engineering processes in complex systems engineering projects.

It is possible to model the Using system in the same way as System of Interest, which allows to

847



International Journal of Mathematical, Engineering and Management Sciences u@m
Vol. 4, No. 4, 841-850, 2019
https://dx.doi.org/10.33889/IJIMEMS.2019.4.4-066

support the development of the Operational concept and the Concept of Operations. Uniform
modeling of the system at various levels makes it possible to simplify the analysis of the model.

At the same time, the Archimate’s application for systems modeling has a number of limitations and
disadvantages:

A language-specific layering (Business, Application and Infrastructure) requires to specify
immediately the type of services and structure elements when moving to the next system level. Often
this is not possible until decisions are made in a way to implement a particular structure element.

The typology of Structure elements is suitable for Enterprise Architecture tasks. When creating
complex technical systems, this typology is not always convenient and quite incomplete. For
example, there is no type of cyber-physical system. The set of relations specified by the language
often causes confusion, for example, that the interface is part of the structure element. The subject-
object paradigm underlying the language does not allow us to express relations with Enabling
systems. In particular, this is referred to the situation associated with the creation of executable
artifacts (for example, software).

6. Discussion

This article attempts to evaluate the applicability of the Archimate language to support the process
of requirements engineering when creating complex technical systems. The advantages of the
language and its limitations were described. Despite the fact that version 3 of the Archimate language
is adapted to solve problems related to the creation of devices and networks of Internet of things, no
research dedicated to application of the Archimate language in system engineering processes are
known to the author.

The study presented in this article does not consider the possibility of using the Archimate language
when creating complex software-intensive systems and is limited only to the tasks associated with
purely hardware systems development. Its applicability to the creation of other classes of systems
requires an additional discussion.

Archimate offers tools for goal-oriented requirements engineering, which makes it possible to work
with the requirements of stakeholders and their goals in enterprise architecture context. The
applicability of this tools for goal-oriented requirements engineering in systems engineering context
also requires additional research.

7. Conclusion

The work assesses the feasibility of using the Archimate language to support requirements
engineering for system engineering projects. It has a number of advantages over other languages of
system modeling.

The Archimate language can be used in the process of system engineering of complex systems.
However, there are a number of limitations which reduce its usability and expressiveness. Some
solutions, which are integrated in the architecture of the language, can be used to create future
systems modeling languages.

The work dedicated to assessment of the applicability of Archimate to the systems development is
not exhausted by the conclusions of this article and requires further research and discussion.
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