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ABSTRACT: An important activity in system development is to ensure that all requirements are met. SysML is
based on four pillars with each offering a unique perspective of the system. The diagrams used in these pillars
enable requirements traceability, a feature that allows for the tracking of the lifecycle of requirements in both
forward and backward directions. This traceability has an important role in Model-Based Systems Engineering.
On one hand, the OMG proposed the DMN standard notation to model decision requirements. Currently, DMN
is on the rise and is widely used to model decision requirements. On the other hand, the OMG proposed SysML
to model system requirements and their relationships to other modeling elements, excluding decision
requirements. The aim of this paper is to use SysML as a single language to model requirements, including
decision requirements. To carry out this objective, it is not admissible to completely discard the DMN models
already built and reconstruct the SysML requirement model, that is why it is proposed to convert these DMN
diagram into a SysML requirements diagram allowing not only to have a single requirements model but also to
show the relationship that these requirements have with the other requirements of the system and with the other
modeling elements. Our contribution is illustrated by means of a case study of an industrial process.
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l. INTRODUCTION

For some years, system development has no longer been focused on coding but on building models.
These models are abstractions of reality and help engineers manage the complexity of systems by focusing only
on relevant information.

Model-Based Systems Engineering (MBSE) emphasizes the use of models [1]. Requirements
traceability is a crucial process in MBSE, this is defined as “the formalized application of modeling to support
system requirements, design, analysis, verification and validation activities beginning in the conceptual design
phase and continuing throughout development and later life cycle phases™ [2].

On the other hand, INCOSE [3], together with the Object Management Group (OMG) [4], defined
SysML, a standard general-purpose modeling language based on UML, which can be used to specify, analyze,
design, and verify systems, including hardware, software, information, personnel, procedures, and features [5].
SysML is based on four pillars that allow the visualization of a system from four different perspectives:
Requirements, Structure, Behavior, and Parametrics, each defined in terms of diagrams [6]. Requirements
modeling [7] is implemented through the requirements diagram, which allows for capturing, analyzing, and
maintaining the traceability of system's requirements; structural modeling includes structural diagrams;
behavioral modeling involves behavior diagrams; and parametric modeling has a parametric diagram to identify
system's constraints [5]. In SysML, requirements can be related to other requirements and to other modeling
elements through the relationships it provides. However, this diagram is designed to model functional and non-
functional requirements, leaving aside the modeling of decision requirements that appear in several systems.

The specification of business processes also requires standards for their definition. BPMN is the OMG
standard and today is widely used to model business processes [8]. Although UML activity diagrams can model
business processes, BPMN was specifically designed for this purpose [9], and the OMG adopted it as a core
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standard [8]. Since many activities within a business process involve decision-making, the OMG defined a
standard specifically for decision modeling, the DMN (Decision Model and Notation). It allows the decision
models to be represented, separating decision logic and control flow logic in business processes [10]. DMN was
designed to be used alongside BPMN; however, it can also be used independently. DMN is already being
adopted in the industry, and many tools are being developed for its modeling such as: Cardanit [11], BPMN.iO
[12], Camunda [13], among others.

As the main contribution, this work presents a metamodel level correspondence and subsequently a
conversion of a DMN requirements diagram into a SysML requirements diagram, allowing not only to have a
single requirements model but also to show the relationship that these requirements have with the other
requirements of the system and with the other modeling elements. Once the SysML requirements diagram is
constructed, it is possible to follow the traceability of these requirements.

This approach can help systems engineers enhance the design of requirements, including decision
requirements, understanding and covering different perspectives while refining the level of detail in the models
using SysML.

The rest of this paper is organized as follows: Section 2 summarizes the basic concepts used in this
paper. Section 3 describes the motivations of current research. The DMN and SysML metamodels used in this
research are described in section 4. Section 5 presents the proposed approach with a case study presented in
Section 6. We conclude with the conclusions in Section 7.

Il.  BASIC CONCEPTS

This section introduces the fundamental concepts of the proposed approach. Firstly, traceability in
SysML and the requirements diagram are presented, showing their relationships with other elements belonging
to other diagrams, such as with the block definition diagram. Secondly, the basic concepts of DMN notation are
explained, along with its decision requirements diagram. Finally, some types of requirements and stereotypes
are exposed to extend the SysML requirements, necessary to carry out this work.

2.1 SYSML REQUIREMENTS DIAGRAM AND ITS RELATIONSHIPS WITH OTHER ELEMENTS

As previously mentioned, requirements traceability, defined as the ability to follow the life of a
requirement throughout the design stages, is crucial in the MBSE methodology [14]. Modeling with SysML
allows traceability because it defines relationships between requirements and other modeling elements [15] [16],
since, SysML achieves traceability through its four pillars.

SysML defines a requirement as "a capability or condition that must (or should) be satisfied. A
requirement can specify a function that a system must perform or a condition and/or constraint that the system
must satisfy" [5]. In SysML, the requirements diagram shows all the requirements and the relationships between
them. This facilitates connections with different SysML diagrams, as a requirement can appear in other types of
diagrams, showing its relationship with other elements of the model.

The relationships that allow relating requirements with other requirements or with other modeling
elements are [5]:

e Containment: a relationship that is used to represent how a compound requirement can be
partitioned into a set of simpler requirements (denoted graphically with a circle containing a +
symbol).

o «deriveReqt»: a relationship that describes that a requirement is derived from another requirement.

o «satisfy»: a relationship that describes that a design element satisfies a requirement. Usually, a
requirement is satisfied by a block.

e «verify»: a relationship that connects a test case with the requirement that is verified by that test
case.

o «refinex»: a relationship that specifies that a model element describes the properties of a requirement
in more detail.

e «trace»: a general-purpose relationship between a requirement and any other model element.

In SysML, requirements are related to blocks through the «satisfy» relationship. The block definition
diagram captures the relationships between blocks as a hierarchy. Activities can be viewed as blocks, and they
appear as regular blocks, except for the keyword «activity» [5]. Depending on the nature of the block, it may
have an associated behavior.

Figure 1 illustrates a generic SysML requirements diagram, showing the relationships existing in it and
elements belonging to other diagrams.
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Figure 1: Generic SysML Requirements Diagram.

2.2 DMN

DMN is the OMG standard for decision modeling. This notation provides constructs for modeling
decision requirements and decision logic. BPMN is an OMG standard and is used for business process
modeling. It is currently considered the most understandable and used notation for this purpose. DMN was
designed to complement BPMN and, as previously mentioned.

DMN defines decision requirements as: “the act of determining one or more output values from a set of
input values, using decision logic that defines how the output(s) are determined from the inputs” [10]. Decision
requirements are connected to a network called the Decision Requirements Graph (DRG), which shows the most
important elements involved and the dependencies between them. DRGs can be represented by decision
requirements diagrams. This diagram illustrates how decision requirements relate to each other, how they
connect with the input data involved in these requirements, their relationship with Business Knowledge Models,
and with Knowledge Sources [10].

Each element of the DMN diagram [10], [17] is detailed below:

¢ A decision requirement determines an output from inputs by applying some decision logic that can
refer to one or more Business Knowledge Models. Decisions can be decomposed into sub-
decisions.

¢ A Business Knowledge Model (BK) represents a function that encapsulates business knowledge.

e An input data represents information used as input for one or more decisions and Knowledge
Source.

¢ A Knowledge Source (KS) denotes an authority for a decision or for a Business Knowledge Model.
Knowledge Source represents the source of technical knowledge for making a decision, such as
regulations or policies on how a decision should be made.

The relationships in the decision requirements diagram are described below:

¢ An information requirement denotes the input to a decision (—»).

¢ A knowledge requirement denotes the invocation of a Business Knowledge Model (——3).

¢ An authority requirement denotes the dependency of one element on another that will act as a
Knowledge Source. It allows linking a Knowledge Source with a decision ( ---e).

Figure 2 shows a generic decision requirements diagram, highlighting the essential and most
commonly used relationships between elements of DMN.

Decision 1

Business Knowledge 1

Figure 2: Generic Decision Requirements Diagram.
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2.3 REQUIREMENTS AND STEREOTYPES

Requirements are the basis of the development of any software system. They determine the
functionalities that the system offers and specify characteristics and/or properties. That is, the requirements
establish what the system should do and define the constraints that it has [18].

Requirements, depending on their type, can be classified as Functional and Non-Functional categories
[19], [20]. These types of requirements are the most commonly used; however, there are other categorization
models. Robertson [21] describes categories such as policies, operation, and security; the ISO/IEC 9126
standard [22] defines quality characteristics, and Robert Grady [23] presents the FURPS model, which has five
groups: Functionality, Usability, Reliability, Performance, and Support.

SysML encompasses all categories with the stereotype «requirement»; however, it is frequently
necessary to explicitly specify a type of requirement to enhance the model's semantics.

One extension mechanism that SysML provides is stereotypes [5]. These allow for the creation of new
building blocks with additional properties and constraints. Thus, using stereotypes, it is possible to explicitly
reference non-functional requirements with the stereotype «nonFunctionalRequirement» and decision
requirements with the stereotype «decisionRequirement», as presented in [24].

I, MOTIVATIONS

As mentioned before, to carry out Model-Based Systems Engineering, a modeling language is
necessary, and knowing it allows for sketching of design ideas, in addition, enables quick and effective
communication among stakeholders.

On one hand, SysML includes a diagram for requirements modeling, while DMN provides a
requirements diagram specifically designed to model decision requirements; both are OMG standards. However,
when modeling requirements using two different notations complexity increases, and it becomes difficult to
follow the traceability of all requirements.

Currently, DMN is gaining popularity in different areas, as evidenced by research works found such as
in Medical [25] and [29], Learning technics [26], Public service [27], Internet of Things [28], among others. On
the other hand, SysML is used to model system requirements and their relationships with other modeling
elements, excluding decision requirements. The goal of this work is to use SysML as a single language to model
all requirements, including decision requirements.

To achieve this aim, it is not admissible to completely discard DMN models already built and rebuild
the SysML requirements model. Therefore, it is proposed to convert these DMN models into a SysML
requirements diagram, allowing for not only a unified requirements model but also showing the relationships
between these requirements and other system requirements and modeling elements.

In order to convert a decision requirements diagram into a SysML requirements diagram, it is
necessary to identify not only semantic correspondences [24] but also metamodel level correspondences
between these diagrams to ensure a legitimate conversion.

IV. DMN AND SYSML METAMODELS

Figure 3 shows the simplified DMN metamodel [10] with the classes involved in this work. It
illustrates how decisions are related to other modeling elements. Decisions are connected to each other and to
InputData through InformationRequirement. Through AuthorityRequirement, decisions are related to Knowledge
Source, and the latter to InputData. And through KnowledgeRequirement, decisions are related to the Business
Knowledge Model.
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Figure 3: Simplified DMN Metamodel

On the other hand, SysML has been defined as an extension of UML, and therefore some SysML
classes are instances or generalizations of UML metaclasses. In figure 4, the simplified SysML metamodel is
shown with the classes involved in this article. This contains the classes along with their relationships, extracted
from the SysML specification [5] and the UML specification [30]. As can be seen in the figure, the notation for

extending a class is an arrow with the tip filled in from the stereotype to the extended class.
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Figure 4: Simplified SysML Metamodel.

DOI: 10.35629/3795-10122637

www.questjournals.org

30 | Page



Decision Requirements with SysML for Industrial Processes

V. CORRESPONDENCES

As mentioned in Section 2, a DMN requirements diagram includes decisions, input data, knowledge
sources (KS), and business knowledge models (BK). Decisions can be decomposed into sub-decisions, and
according to the DMN specification, these decisions are considered requirements [10]. KS can represent
company policies, regulations, etc., and based on the classification of non-functional requirements provided by
Somerville in [18], we can infer that KS can be represented as non-functional requirements. BK denotes a
function, meaning it corresponds to functional requirements and, therefore, can be represented as use cases in
SysML. Lastly, input data refers to the information needed for decisions and for knowledge sources, and it can
be reflected through the text property that each requirement has. When a KS is related to a decision, it signifies
that the decision needs knowledge of its content, i.e., both have a relationship with a purpose. When a BK is
related to a decision, this BK refines the decision. In the SysML requirements diagram, the relationships of
purpose and refinement are represented by trace and refine, respectively, as mentioned in Section 2. The
semantic correspondences proposed can be observed in figure 5.

Decision

— «decisionRequirement» Requirement

Knowledge Source «nonFuncionalRequirement» Requirement

Business Knowledge Model * Use Case

Information Requirement (Decision to Decision) ———— Composition

Information Requirement (InputData to Decision) ——— Text Attribute of the Requirement
Authority Requirement (Knowledge Source to Decision) » Trace

Authority Requirement (Knowledge Source to Knowledge Source ) — Trace

Authority Requirement (InputData to Knowledge Source ) ——— Text Attribute of the Requirement

Knowledge Requirement (Business Knowledge to Decision) —— Refine

Figure 5: Semantics Correspondences.

Using object diagrams, the correspondences at the metamodel level will be illustrated. That is, the
object diagrams shown below are instances of the metamodels. Figure 6 shows the relation between decisions,
and as shown in the metamodel of figure 3, the decisions are related between them through Information
Requirement. As previously mentioned, this relation among decisions in SysML is a composition relation.

DMN Diagram

D2 < D1

DMN Metamodel Instance

d2Decision d1:Decision
decision _|ifinformationRequirement requiredDecision
name="D2" ] name="D1"

SysML Metamodel Instance

d2:DecisionRequirement d1:DecisionRequirement
nestedClassifier

name="D2" name="D1"

SysML Diagram

va?decxs»onRequwement» «decisionRequirement»
D2 D1

Figure 6: Information Requirement, Decision to Decision, is a Composition.

Figure 7 shows the relation between a decision and a knowledge source, and as presented in the
metamodel of figure 3, this relation is through Authority Requirement. As previously mentioned, see figure 4,
this relation in SysML is a trace dependency relation.
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DMN Diagram
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client supplier
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«decisionRequirements straces {«nnnFunminnalRequirement»
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Figure 7: Authority Requirement (Knowledge Source to Decision).

Figure 8 shows the relation among knowledge sources, and as exposed in the metamodel, figure 3, this
relation is through Authority Requirement. As before mentioned, see figure 4, this relation, in SysML is a trace
dependency relation.

DMN Diagram

o @

DMN Metamodel Instance

Iks2 KnowledgeSource arAuthorityRequirement . ks 1:KnowledgeSource
requiredAuthority|
name="KS2" name="KS1"

SysML Metamodel Instance

ks2:NonFunctionalRequirement clent tTrace St ks 1:NonfunctionalRequirement
name="KS2" name="KS1"
SysML Diagram
«nonFunctionalRequirements | «trace» «nonFunctionalRequirement»
Ks2 — == Ks1

Figure 8: Authority Requirement (Knowledge Source to Knowledge Source).

Both decisions and knowledge sources can have input data, and as mentioned above, this input data
refers to necessary information, and it can be reflected through the text property that each requirement has.
These correspondences can be seen in figures 9 and 10.
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Figure 9: Information Requirement (InputData to Decision).

DMN Diagram
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requiredinput
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SysML Metamodel Instance

ks 1:NonFunctionalR equirement

name="K51"
text="D1"

SysML Diagram

«nonFunctionalReguirements
KS1

Text="ID1"

Figure 10: Authority Requirement (InputData to Knowledge Source).

Through a case study, the correspondences at the metamodel level will be shown. That is, how a DMN
requirements diagram can be converted into a SysML requirements diagram and subsequently the traceability of
these requirements.

VI. CASESTUDY

As previously mentioned, requirement traceability is understood as the ability to follow the lifecycle of
a requirement. The most important step when building a system is to consider all types of requirements.

Traceability will be illustrated through forward engineering, focusing mainly on requirements that
involve decisions, showing the blocks with which they are related and that have a particular behavior, which
will be modeled with BPMN. The aim is to integrate and cover its different views.

The example selected to illustrate traceability is a case study of Alfalfa Production for their own use
and for export. Figure 11 shows the DMN decision requirements diagrams, which represent the decisions to
carry out the Alfalfa Production requirement.

As can be observed, for sowing, a) the extended weather forecast and the previous crop must be
considered. It is important to note that sowing is not done at any time of the year, considering the Southern
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Hemisphere, sowing is only done in March/April and/or September. The extended forecast is crucial because
rainfall is required in the months following sowing.

Once the sowing has been done, wait a few months and evaluate the percentage of effectiveness b).
Depending on the values, different decisions are made (replanting, if possible, due to the weather, or continuing
to wait for the plant to grow). This percentage is determined by agronomists.

Regarding the cutting requirement d), other decisions and a knowledge source (KS) are involved. To
cut, it is necessary to analyze: How tall is the plant? How many leaves does it have? What is the flowering
percentage? What percentage of humidity does it have? Is the protein content high, medium or low? What is the
color of the plant?

As for quality standards (KS), the plant needs to have 14% humidity and 18% protein, which is
acceptable for export, and the color must be bright green.

For baling c), it is necessary to decide what type of machinery will be used according to what is
needed, as the machines can generate into cubes or rolls.

a) b) c)

Figure 11: DMN DRD for Alfalfa Production.

To convert a DMN diagram into a SysML diagram, the process will first be shown with object
diagrams, instances of the metamodels, and the correspondences found when analyzing metamodels; see figure
12 and figure 13. For reasons of length and as an example, only point d) of figure 11 will be shown.

In figure 12 it can be seen that the InformationRequirements ifl, if3, and if5 are used to relate
decisions, as mentioned above, this represents the composition of decisions and therefore the composition of
requirements. For example, InformationRequirement ifl specifies that the Cutting decision needs the Climatic
Conditions decision.

The Datalnputs related by InformationRequirement if2, if4, and if6 to the decisions are modeled
through the text attribute that the requirements have. For example, in figure 13, the requirement related to
Climatic Conditions shows in the text field the input data: Extended Forecast, necessary to make the decision.

In figure 12, object al links a decision with KnowledgeSource ksl, as mentioned above; this is
modeled with the SysML trace relation. The Datalnputs related to the KnowledgeSource ksl, through the
AuthorityRequirements, are also modeled with the text attribute of the requirement; see figure 13.

decision d1: Decision

i ienRequirement name="Cuting" a1 AuthoribRequirement

requiredDecision ’—1 \—‘ requiredAuthority

ks 1. K
42 Decision ‘ =

if3: Informatit irement

if5: InformationR equi

™ - 1
name="Climatic Conditions” name="Standards

decision requiredDecision requiredDecision

d3: Decision [ d4: Decision | [az_ ] ] 23 AuthortRequirement | | a4 AuthoritR equirement

2 InformationRequirement ‘ name="_ eaf Conditions” ‘ | name="Choice of Machine Types” | [
decision decision
requiredinput requiredinput requiredinput requiredinput

Gl apulas i i i ‘ ‘ if6 InformationRequirement [ oaimpupata | [ ic5impuDaa | [ ibnpumaa |

name=Exenced Forecast’ | name="Humidity" ‘ ‘ name="Protein" | ‘ name="Color" |
requiredinput requiredinput

‘ id2: InputData ‘ id3: InputData

‘ name="Plant Info" ‘ name="Machine Info"

Figure 12: Object diagram DMN Cultting.
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d1:DecisionRequirement | client

name="Cutfing"

Eli

nestedClassifier nestedClassifier nestedClassifier supplier

d2-DecisionRequirement

name="Climatic Conditions"
text="Extended Forecast”

d3:DecisionR equirement

name="Leaf Conditions"
text="Plant Info"

d4-DecisionRequirement

name="Choice of Machine Types"
texd="Machine Info"

ks 1:NonFunctionalR equirement

name="Standards"
text="Humidity, Protein, Color"

Figure 13: Object diagram SysML Cutting.

Once the metamodel level correspondences by object diagrams have been shown, the DMN
requirements diagram for the case study is converted into a SysML requirements diagram; see figure 14.

req [Mods] packags [ Requirement Disgram | J
«reguirements
Production
FECD
Text=""
quirements i i i jrements |  [«nonf i ~ isi quirements
Sowing Analyze % Effectiveness Cutting Standards Baling
e «tracen
1d="1.1 ld="12" 0="1.3 — — ="z Id="14"
Text = "Extended Text = "Agronomists’ Info” | | Text="" Text = "Humidity, Protein, Text = "Machinery Info"
Forecast, Previous Crop” Color
«decisionRequirements zdecisionRequirementy «decisionRequirements
Climatic Conditions Leaf Conditions Choice of Machine Types
Id="1.3.1" ld="1.32" 1d="1.33"
Text = "Extended Forecast” | |Text = "Plant Info” Text = "Machine Info”

Figure 14: SysML Requirements Diagram for Alfalfa Production.

Once the model is built, the software engineer can add all the necessary relationships. As previously
mentioned, requirements can be related to other modeling elements through a specific set of relationships.

Once the main requirements have been captured, the elements responsible for satisfying these
requirements are modeled through a block definition diagram, structural view. As mentioned in Section 2,
activities can be viewed as a block, except for the keyword «activity» [5]. In addition, depending on its nature, a
block may have an associated behavior (see figure 15). It is important to mention that we emphasize
requirements that involve decisions. The «satisfy» relationship links a block to a requirement. The interpretation
of this relationship is that the block's design depends on the requirement, which means that if the requirement
changes, the design of the block must be changed [5].

bdd [Model] package [ Block Definition Diagram ]J
wactivitys areguirements
A- Production L “5_5“52'” _ Production
="
x Text=""
wactivitys xactivitys wactivitys aactivitys xactivitys
Sowing Analyze % Effectiveness Cutting Air Baling

Figure 15: Block Definition Diagram — Production Activity.

Figure 15 illustrates how the Production activity is composed of the following activities: Sowing,
Analyze % Effectiveness, Cutting, Air, and Baling. It is important to mention that these activities fulfill the
requirements presented in the SysML requirements diagram in figure 14.

Following the approach presented in this work, a BPMN model is built to cover the different views of
the requirements, in this case, the behavioral view. This process model is built and associated with the
Production activity, showing the steps to follow to carry out alfalfa production. Its behavior can be observed in
figure 16.
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The process begins with sowing, and after several months, the effectiveness of the sowing is analyzed.
If the effectiveness does not reach 70%, resowing is required; otherwise, the plant is allowed to grow. Once it
reaches the expected height, it is cut, then aired, and once it is fully dry, it begins to be baled.

wait for it to

>@-cw] o

dry

Figure 16: BPMN Alfalfa Production.

To conclude our approach, figure 17 illustrates the traceability process carried out for the case study. In
the figure, the DMN requirements diagram and the SysML requirements diagram can be seen. Once the
requirements diagram is built, the elements responsible for satisfying these requirements are modeled through a
block definition diagram, structural view. Finally, it is shown how, based on this diagram, a BPMN is built with
the events and activities required to carry out the process.

‘ DMN (Decision Model and Notation) ‘ Requirements Perspective

Decision Requirements Diagram
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709 dry
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Figure 17: Case Study Traceability.

VII. CONCLUSION

Models allow us to manage complexity, visualize, and abstract multiple aspects of the system to be
developed, which is why their use has increased in recent years. Based on this premise, Model-Based Systems
Engineering (MBSE) is a methodology that emphasizes the use of models to carry out systems engineering
activities, and traceability plays an important role in this type of methodology.

SysML is a general-purpose modeling language, based on UML, that allows the requirements
traceability by defining relationships between them and with other modeling elements. SysML supports general
requirements modeling through the «requirement» stereotype. BPMN was specifically designed for modeling
processes, making the combination of SysML and BPMN attractive and improving the modeling of the different
views of the system being developed.

On the other hand, DMN is the notation used for modeling decision requirements through the decision
requirements diagram. However, using different notations to support all types of requirements increases the
complexity of system development.

The objective of this work was to convert a DMN requirements diagram into a SysML requirements
diagram by previously analyzing the correspondences at the metamodel level of both languages and to illustrate
the traceability of these requirements. This work aims to improve the design by using a single language for
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requirements modeling and to understand all views of these requirements, including decision requirements. The
approach was illustrated through a case study.
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