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Abstract

Developing Internet of Things (IoT) systems is non-trivial due to the intrinsic nature of IoT.
Diverse solution spaces, which are composed of various sensor-based and human operation-
based contexts, must be satisfied simultaneously. This study proposes a chain approach
method called the continuous modeling support process for business analysis and solution
requirements in IoT development (COMP4BA-IoT). COMP4BA-IoT 1) captures contexts
by natural language-based needs and requirements, 2) structures the identified contexts by a
goal-oriented approach, and then 3) merges them to the system models. Using COMP4BA-
IoT, evidence-supported communication media among stakeholders can be obtained, which
can give traceability from organizational goals to IoT solutions. COMP4BA-IoT is the first
trial to combine Business Analysis Body of Knowledge (BABOK), GQM+Strategies, Goal
Structuring Notation (GSN), and Systems Modeling Language (SysML) in the context of
IoT development.
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1 Introduction

The diversity in devices that comprise the Internet of Things (IoT) [1] makes developing IoT
systems a challenge. Each device collects and shares information [2]. Motta et al. inves-
tigated issues in IoT development by reviewing the literature, surveying practitioners, and
evaluating existing government reports [2]. They concluded that IoT systems have seven
facets: (1) connectivity, (2) things, (3) behavior, (4) smartness, (5) problem domain, (6)
interactivity, and (7) environment. Although things and connectivity are obvious charac-
teristics of IoT systems, things are often mentioned at a very concrete level. Things often
appear in the concept or business analysis phase of the system lifecycle. Behavior means
that IoT can enhance the behavior of a thing. Smartness is also referred to as intelligence.
The problem domain involves stakeholder needs or business requirements. Interactivity
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and environment emphasize the human or machine actors. Seamlessly integrating all these 
aspects remains an engineering challenge.

Our research strives to realize a method that incorporates the above facets and sup-
ports decision making in the business requirement analysis or the stakeholder requirement 
definition process in IoT system development.

Although various techniques have been proposed in different domains, we focus on 
Business Analysis Body of Knowledge (BABOK) [8], GQM+Strategies [7], and Systems 
Modeling Language (SysML) [4, 5]. BABOK is a collection of business analysis knowl-
edge. GQM+Strategies is based on goals, questions, and metrics designed to overcome 
omnipresent problems, while SysML is a modeling language that supports the implemen-
tation of systems engineering [3]. In this context, systems engineering is a methodology 
to develop a system involving multiple engineering fields and products or service domains. 
Systems engineering is often characterized by front loading and multidisciplinary. Front 
loading is also referred to as executable requirements that support early stage trade-off 
analysis. The multidisciplinary approach consistently deals with multiple engineering fields 
indispensable for IoT applications such as software, electronics, robotics, networks, etc.

We previously proposed a process for developing IoT systems [9]. Our process in-
tegrated BABOK, GQM+Strategies, and SysML with a translation between an artifact 
obtained by GQM+ Strategies and a model in SysML. The translation provided effec-
tive communication between business analysts, who oversee GQM+Strategies, and sys-
tem engineers, who perform systems engineering with SysML. The process was used as 
a foundation for a class in an educational program for professional engineers. Although 
the class was well received, two issues were noted. First, the representation of an artifact 
obtained by GQM+Strategies in an SysML model is complicated and redundant. Second, 
GQM+Strategies must be translated into SysML and vice versa. To overcome these is-
sues, we adopted a relatively simple notation specialized for goal structures called Goal 
Structuring Notation (GSN) [6] and refined the process [10] (Fig. 1). Herein we refine 
our previously proposed process and develop the COntinuous Modeling support Process 
for Business Analysis and solution requirements in IoT development (COMP4BA-IoT) and 
evaluate it via a case study.

The rest of this paper is organized as follows. Section 2 introduces background tech-
niques. Section 3 explains the refined method. Section 4 describes our case study. Section 5 
mentions related works. Finally, Section 6 summarizes this study and considers future di-
rections.

2 Background

GQM+Strategies [7] assesses the achievement of goals, clarifies appropriate strategies, and 
identifies the associated metrics. This method requires explicit management and recording 
of information for the contexts and assumptions of the defined goals and strategies. Such 
artifacts are often summarized as a diagram representation called a GQM+Strategies grid. 
Fig. 2 shows an example of a GQM+Strategies grid.

GSN [6] is typically used in safety assurance activities. It has a tree structure with 
different types of nodes: goal, strategy, solution, context, assumption, and justification. 
A goal, strategy, and solution represent a claim, part of an argument, and reference to 
evidence, respectively. Fig. 3 denotes a goal, strategy and solution as G1, S1, and Sn1, 
respectively.
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Figure 1: Proposed process to integrate BABOK, GQM+Strategies, GSN, and SysML.

Figure 2: Example of a GQM+Strategies grid

Figure 3: Elements and fragments of GSN
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The root of a GSN argument is a goal. A goal is supported by a solution (e.g., G2 in 
Fig. 3) or a strategy (e.g., G3 in Fig. 3). A strategy may have one or multiple goals. Leaves 
represent solutions.

3 COMP4BA-IoT Approach

We previously proposed a process to manage business and stakeholder requirements with 
BABOK, GQM+Strategies, and SysML, and discussed its benefits [9]. Although GQM+ 

Strategies is a useful tool for managing business and stakeholder requirements in IoT system 
development, it has the following shortcomings:

1. Representing the goal structures in SysML requirement diagrams is complicated and
redundant.

2. GQM+Strategies must be translated to SysML requirement diagrams and vice versa.

To overcome the above issues, COMP4BA-IoT describes a GQM+Strategies grid in the
GSN representation(Fig. 4). Specifically, we consider the GSN representation and its ad-
vantages for a GQM+Strategies grid.

Goals and strategies in a GQM+Strategies grid can be transcribed since GSN represents
a goal with a rectangle and a strategy with a diamond (Fig. 4, S1). The barrel in GSN (Fig. 4,
C1), ellipse, and circle indicate a context, assumption, and solution, respectively (Fig. 5).

Figure 4: Example of a GQM+ Strategies grid written in GSN.

Table 1 shows the correspondence mapping between GQM+Strategies and GSN ele-
ment types, and Fig. 5 shows the general form representing a GQM+Strategies grid.

A GSN diagram can effectively represent all information in GQM+Strategies. Addi-
tionally, the solution nodes in a GSN diagram provide evidence that the associated goal
can be implemented. We previously reported that blocks associated with the requirement
model elements via a “satisfy” relation in a requirement diagram in SysML play a similar
role [9]. The solution nodes in a GSN diagram correspond to two types of evidence in a
GQM Graph: (1) evidence or data showing that the corresponding criterion of the metric
has been met and (2) evidence showing that the data for the corresponding metric can be
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Figure 5: General form of GSN representing a GQM+Strategies grid
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Table 1: Mapping from GQM+Strategies to GSN

GQM+Strategies grid element GSN element
Organization Module

GQM+

Strategies
element

Organizational goal Goal
Strategy Strategy
Assumption Assumption
Context Context

GQM Graph

Measurement goal Goal
Question Context(*1)
Interpretation model Goal(*2)
Metrics Strategy

Related information
Evidence that the solution
of a goal can be implemented

Solution(*3)

Evidence or data that the interpretation
model of a metric is achieved

Solution(*4)

Evidence that the data for a metric
can be collected (i.e., measurement method)

Solution(*4)

1⃝

(*1) Context of a strategy representing a metric
(*2) Sub-goal of a strategy representing a metric

(*3) Solution of an atomic goal in GQM+Strategies Element
(*4) Solution of a goal representing the interpretation model of a metric

collected. Type (1) is used in the evaluation phase (i.e., in the basic GQM+Strategies pro-
cess, to execute plans and analyze outcomes steps [7]). A typical example of type (2) is an 
IoT service that collects data for a corresponding metric.

After implementing the GQM+Strategies steps, the obtained GQM+Strategies grid de-
picted with GSN is reviewed (Fig. 1 3⃝). We assume that the cycle of the GSN representing 
the GQM+ Strategies grid does not have solutions. If the GSN is accepted, then a system 
engineer considers possible solution requirements [8] using SysML (Fig. 1 4⃝).

In practice, the activities with SysML are unrestricted. The next section demonstrates 
our revised method using an example in which SysML can model and capture the charac-
teristics of IoT systems. A typical first step is to consider use cases of the solution. After 
specifying the use case descriptions, a system engineer constructs a structural model of 
the entities. Each entity in the use case descriptions is employed in the behavior models. 
It should be noted that in the case of IoT systems, the description may contain device-
level entities such as sensors, actuators, and any entity identification technologies (e.g., 
RFID tags) even in the top-level use case. Thus, we adopt the IoT conceptual model in 
ISO/IEC30131:2018 Internet of Things (IoT) Reference Architecture [11].

4 Case Study

COMP4BA-IoT is evaluated following the process explained in Fig. 1.
(Step 1) A business analyst elicits a list of business and stakeholder requirements. These 

requirements are written in a natural language and are obtained by the appropriate elicitation 
techniques explained in the requirement analysis part of BABOK [8]. The corresponding 
step in Fig. 1 is 1⃝. Below is an example of such a list for a healthcare facility.
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Figure 6: Part of an example description of a solution requirement: structural model of the
entities in the usage viewpoint represented by a SysML block definition diagram.

• Business requirements

– Administrative director

* Business operations shall be streamlined.

* Care worker’s efficiency shall be enhanced.

* User satisfaction shall be increased.

• Stakeholder requirements

– Care worker

* Overtime for care workers shall be reduced.

* Burden for moving users shall be decreased.

* Paperwork shall be minimized.

– User

* User satisfaction shall be increased.

* Physical activity shall be increased.

* Users shall safely use all equipment in the nursing facility.

2⃝ (Step 2) A business analyst in charge of modeling executes the initial GQM+Strategies
trial, as shown in Fig. 1.
3⃝ (Step 3) The GQM+Strategies trial is represented in GSN (Fig. 4)
4⃝ (Step 4) A system engineer considers possible solution requirements with SysML. Fig. 7

shows an example of a top-level use case diagram, while Table 2 provides its use case
description.

After specifying the use case descriptions, the system engineer constructs a structural
model of the entities (Fig. 6).

This model is used to elaborate the processes for the use case scenarios. For example,
the use case “A user with difficulty walking moves from his/her room to a rehabilitation
room by riding an autonomous robot” can be elaborated as the activity diagram shown in
Fig. 9.
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Figure 7: Part of an example description of a solution requirement: interaction scenario in
a usage viewpoint model represented by a SysML use case diagram.

Table 2: Part of an example description of a solution requirement: interaction scenario in a
usage viewpoint model represented by the use case description

Item Content

Use case
A user with difficulty walking moves from his/her room
to a rehabilitation room by riding an autonomous robot

Actor
- User
- Care worker

Pre-
conditions

- The user is lying in his/her bed.
- The bed is equipped with a call button.
- The management system is launched.
- At least one care worker is waiting who has an

identification tag(e.g., RFID).
- At least one robot is available.

Post-
conditions

- The user arrives at the destination
(e.g., rehabilitation room).

- The care worker is available for other tasks.
- The history of the user’s move is recorded in

the management system.
- The working time of the care worker is

recorded in the management system.

Basic flow

1. The user pushes the call button.
2. One robot and one care worker come to the room.
3. The robot reads the tag.
4. The user rides the robot with the help of the care

worker.
5. The care worker is released
6. The robot sends the working time of the care worker
to the management system, and the system records it.
7. The user provides his/her destination to the robot.
8. The robot autonomously moves to the destination.
9. The robot indicates the arrival to the user.
10. The robot sends the history, which indicates

that the move has successfully finished to
the management system, and the system records it.

Exceptional
flow

During step 8, if an emergency event that requires
additional support occurs, the user pushes the emergency
button on the robot. Any care worker would assist.
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Figure 8: Part of an IoT conceptual model [11]

The IoT conceptual model shown in Fig. 8 indicates the partition type of the subjects for
the contained actions. The actions associated with stereotype Service indicate the services,
which are characterized in the IoT conceptual model (Fig. 8). First, a user pushes the
call button located on his/her bed to request a robot. Because the call button is associated
with a specific user and room, the management system can transfer the message with the
appropriate user and room information. Then the message is sent to a care worker and an
autonomous robot. Both proceed to the room. The action “move to the room on foot”
is modeled as a send signal action since it is also a trigger for another activity defined in
Fig. 10, which is explained later. Once the care worker and the robot arrive to the user’s
room, the user tries to ride the robot with the assistance of the care worker. If the user
successfully rides the robot, the care worker is available for another task. The user inputs
the desired destination into the robot. This operation can abstractly be seen as transferring
the identifier of the destination room to the robot.

Another activity diagram is used to satisfy the post-conditions “the history of the user’s
move is recorded in the management system” and “the working time of the care worker
is recorded in the management system” (Fig. 10). It should be noted that Figs. 9 and 10
have some common actions. For example, the send signal actions “Move to the room on
foot”, “Released”, and “Arrival notification” in Fig. 10 are associated with those in Fig. 9.
In Fig. 9, the roles of services “Record working time” and “Record user activity” can be
understood through their relation to other services and their triggers.
5⃝ (Step 5) The GQM+Strategies grid (Fig. 4) is elaborated using the identified services

to deal with the remaining stakeholder requirements. Fig. 11 shows a GSN diagram to
describe the GQM+Strategies grid for care workers as an example.

Solution EC2-1-1-1 refers to the service “record working time” identified in the process
model of usage in Fig. 10. Both ES2-1-1-1 and ES2-1-1-2 represent the “autonomous
robot” identified in the structural model of usage in Fig. 6 using the service definitions in
Figs. 9 and 10.

After several cycles of steps 2⃝ to 5⃝ in Fig. 1, the final GQM+Strategies grid is gen-
erated (Fig. 12). That is, the grid shows that the goals of the administrative board, care
workers, and users are consistently aligned with appropriate evidence.

The case study reveals the following:

• Business requirements elicited by business analysts (Section 3) can be associated
with the elements of structured solution requirements with explicit traceability. For
example, analyzing the stakeholder requirement “Care burden for moving users shall
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Figure 9: Part of an example description of the solution requirement: process model of the
main use case represented by a SysML activity diagram.

Figure 10: Part of an example description of a solution requirement: process model of the
recording related activities represented by a SysML activity diagram.
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Figure 11: GQM+Strategies grid for care workers represented by GSN

Figure 12: Image of a GQM+Strategies grid of several stakeholders represented by GSN.
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be decreased” indicates it is a sub-goal of another stakeholder requirement “Overtime
for care workers shall be reduced”, which has a goal description of G2-1 “Overtime
work is reduced” and an explicit strategy S2-1. Moreover, the sub-goal is supported
by ES2-1-1, which refers to the element Autonomous robot in the model. The behav-
ior requirement, which is an element defined in Fig. 9, can verify whether the system
provides a measure to reduce the burden of care workers.

• A measurement metric defined through the activities of GQM+Strategies can be mea-
sured when the measurement is executed via the functions provided by the target
system. For example, metrics MG2-1-1 for the sub-goal G2-1-1 is associated with
another sub-goal MG2-1-1-1, indicating that the metrics can be measured. Here,
sub-goal MG2-1-1-1 is supported by evidence EC2-1-1-1, which refers to the service
“Record working time” defined in Fig. 10 provided by the Management system.

5 Related Works

5.1 Processes and methods for IoT system development

Silva et al. [13] considered a process for requirement engineering activities in IoT systems. 
Their process consists of three sub-processes: project scope definition, IoT system defini-
tion, and IoT system requirements definitions. The project scope definition includes the 
steps necessary to analyze the problem or opportunity. COMP4BA-IoT can be regarded as 
a concrete method for these steps. Although several proposals have focused on generating 
codes from models in IoT system development (i.e., model-driven development [14–18]), 
we focus on continuous supports from business and stakeholder requirements to systems 
engineering.

5.2 Integrated multi-level modeling for business and system alignment

N. Mimura et al. proposed a method to systematically align business requirements and sys-
tem functions by linking GQM+Strategies and SysML models at the metamodel level [22]. 
Their method ensures traceability from business requirements to system functions and fills 
the gap. They use requirement diagrams in SysML to integrate business requirements and 
system functions. In contrast, our method utilizes GSN, which can be used by both system 
engineers and business analysts. M. E. Hamlaoui et al. proposed an approach to link differ-
ent models using a metamodel and various relationships, including aggregation and general-
ization among model elements [24]. Their approach uses a specialized business-level model 
for the systems design model and business processes. Here, we suppose the metamodel can 
be applied as a basis of our method. X. Cui et al. proposed a framework that integrates 
the development of motivation and requirements models at organization, business, product, 
and system/software levels [20]. Their framework contains the motivations described by 
Business Motivation Models and requirements by Requirements Models of SysML from 
the top-level organization motivation to the low-level product requirements. The method 
only concerns qualitative statements to represent requirements whereas our method can deal 
with quantitative goals and their relations. ArchiMate is an enterprise architecture modeling 
standard, which consistently expresses both business-level and system-level models [25]. It 
has six layers (strategy, business, application, technology, physical, and implementation & 
migration) and four elements (passive structure, behavior, active structure, and motivation).
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ArchiMate provides a wide variety of notions and notations for a business-level architec-
ture. However, it cannot systematically manage quantitative metrics. Using our proposed
method with ArchiMate to represent business architectures should realize a better effect.

5.3 Other model enhancements and integration approaches

Reggio [12] proposed a method to describe IoT system requirements based on UML. Their
method employs a use case diagram to decompose goals. COMP4BA-IoT can be seen as
a concrete procedure to decompose goals with metrics. J. Gardan et al. proposed an ap-
proach to provide conceptual models that enhance a Model-Based Systems Engineering
(MBSE) and consider knowledge management (KM) through SysML [23]. Their approach
is intended to provide an organizational solution integrating cooperative work and KM in
Systems Engineering. We expect our method can be extended by integrating a KM process
with their method. N. B. Wilson et al. proposed an agile methodology named MADAIKE,
which promotes the integration of various international standards and justifies the value
to the organization [21]. It is an integrated methodology composed of layers. Each layer
represents a project phase with a broad perspective across phases. Their methodology cov-
ers the processes and roles that are beyond the scope our proposal such as implementation
and deployment processes. However, they do not mention metrics associated with require-
ments or architectures. J. V. Brocke et al. proposed an approach to model both factual
and value-oriented potentials and integrated a value-oriented perspective into information
modeling [19]. Their approach provides a means to evaluate information systems design
alternatives in a specific organizational context to analyze and assess the economic value of
IT investments. Their methodology is applicable to service-oriented architecture. In con-
trast,our method can effectively apply IoT Systems. In their method, the concepts “fact”
and “value” play significant roles, while these are implicitly assumed in our method. We
expect the process of COMP4BA-IoT can be refined based on these concepts.

6 Summary

This study proposes a tool chain to support and manage requirements called the COMP4BA-
IoT approach. COMP4BA-IoT is a refinement of our previous approach, which adopted
SysML parametric diagrams to express the relationship between measurement goals and a
measure of effectiveness (MoE) for the system of interest [9].

GSN diagrams, which represent a GQM+Strategies grid in IoT system development and
solution nodes, are beneficial to connect measurement goals and their measurement means
realized by IoT functionalities. Using SysML parametric diagrams in COMP4BA-IoT can
describe solution requirements in which decision making is supported by accountable evi-
dence.
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