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APRESENTAÇÃO

A Ciência da Computação, traz inúmeros benefícios para a sociedade 
moderna, tais como: a criação de empregos, o desenvolvimento de novos 
equipamentos, o ganho de produtividade nas empresas e o acesso à informação. 
Os estudos realizados nesta área são aplicados em diversas outras áreas do 
conhecimento, proporcionando a resolução de diferentes problemas da sociedade, 
trazendo avanços significativos para a vida de inúmeras pessoas, fazendo com que 
cada vez mais estes profissionais sejam valorizados, requisitados e prestigiados no 
mercado de trabalho. 

As empresas enxergam atualmente a necessidade cada vez maior de 
profissionais bem qualificados nesta área, a fim de que possam promover cada vez 
mais inovação, desenvolvimento e eficiência junto as empresas. Os estudos desta 
área focam no estudo de técnicas, metodologias e instrumentos computacionais, 
visando principalmente automatizar os processos e desenvolver soluções com o uso 
de processamento de dados. Desta forma, este livro, vem possibilitar conhecer os 
elementos principais desta ciência por meio do contato com alguns dos conceitos 
fundamentais desta área, apresentados por meio dos resultados relevantes 
alcançados nos trabalhos presentes nesta obra.

Dentro deste contexto, este livro aborda diversos assuntos importantes 
para os profissionais e estudantes desta área, tais como: a orientação dos alunos 
na busca e utilização de ferramentas computacionais e tipográficas de qualidade; 
aplicação de uma heurística baseada em Algoritmos Genéticos; uma análise 
qualitativa dos principais programas computacionais utilizados em fotogrametria 
computadorizada; os antipadrões de restrição de autorização em serviços Web 
orquestrados com BPEL4People; um sistema de atendimento automatizado, que 
inclui chat, chatbots e gerenciamento de atendentes; o sistema PSI, um prontuário 
online destinado a psicólogos; a Formação de Grupos de Alto Desempenho (FGAD) 
em Aprendizagem Colaborativa Baseada em Projetos (CPBL) usando Metodologias 
ágeis; a integração do método dos elementos finitos (Finite Element Method ) - FEM 
associado a um Algoritmo Genético (GA) combinado com Lógica Nebulosa (Fuzzy) 
para o desenvolvimento de um filtro óptico destinado a sistemas DWDM (Dense 
Wavelength Division Multiplexing); o desenvolvimento de ferramenta de código 
aberto para uso em atividades de eletrônica durante o distanciamento social; um 
modelo de Algoritmo Genético para otimizar os parâmetros do COCOMO Básico; 
discussões sobre como e por que estudar automação hoje em dia; um processo de 
recomendação utilizando análise de sentimento sobre scripts de filmes e agrupando 
filmes de sentimentos similares; um modelo de previsão, com a utilização das 



ferramentas de Redes Neurais Artificiais, para estimar o volume de uma usina 
hidrelétrica; o desenvolvimento de um Sistema de Informação Geográfica (SIG); 
um mapeamento sistemático da produção do conhecimento científico e tecnológico; 
a utilização de um jogo sério que pode auxiliar os profissionais de educação a 
identificar alunos com maior probabilidade de sofrerem de discalculia; e uma revisão 
da literatura quanto a utilização de aplicativos em síndromes coronarianas agudas.

Assim, os trabalhos apresentados nesta obra exemplificam a abrangência 
e importância da área de Ciência da Computação na atualidade, permitindo aos 
nossos leitores analisar e discutir os resultados encontrados. A cada autor, os mais 
sinceros agradecimentos, por contribuir com esta importante obra, e aos leitores, 
desejo uma excelente leitura, repleta de boas e relevantes reflexões.

Ernane Rosa Martins
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ABSTRACT: This work aims to explore the 
lack of formal modeling language for model 
conceptualization in the System Dynamics field 
by using a standard system modeling language 
with its roots in the systems engineering field, the 
SysML. A simple example of a continuous water 
distiller modeled using SysML is described and 
represented as a System Dynamic model. Further 
analysis and exploration are still necessary, but 
the preliminary results obtained indicated the 
feasibility of this proposal and obtained the same 
parameter values as the original example.
KEYWORDS: Model conceptualization, System 

Dynamics, System engineering, SysML.

DA ENGENHARIA DE SISTEMAS PARA 
A DINÂMICA DE SISTEMAS: UMA 

EXPLORAÇÃO PRELIMINAR DO USO DA 
SYSML NO CONTEXTO DA DINÂMICA DE 

SISTEMAS
RESUMO: Este trabalho tem como objetivo 
explorar a carência de uma linguagem formal de 
modelagem para a etapa de conceitualização 
de modelos na área de dinâmica de sistemas, 
utilizando uma linguagem de modelagem de 
sistemas padrão com suas raízes no campo 
da engenharia de sistemas, a SysML. Um 
exemplo simples de um destilador de água 
contínuo modelado usando SysML é descrito e 
representado como um modelo de dinâmica do 
sistemas. Mais análises e explorações ainda 
são necessárias, mas os resultados preliminares 
obtidos indicaram a viabilidade desta proposta e 
obtiveram os mesmos valores de parâmetros do 
exemplo original.
PALAVRAS-CHAVE: Model conceptualization, 
System Dynamics, System engineering, SysML.

1 |  INTRODUCTION
System dynamics and systems 

engineering fields have been facing some 
common challenges over time. Those similarities 
have inspired some authors to transfer good 
practices from systems engineering to system 
dynamics (Lane, 2008), and many proposals 
were made.

Keatining (1998) proposed a modeling 
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process based on software system development life-cycle (SDLC). Myrtveit (2000) 
and Powers (2011) explored how techniques and concepts from object-oriented 
software development can be used in a system dynamic model formulation. Tignor 
and Myrtveit (2000) advanced this proposal describing how the idea of design 
patterns can be used to capture common structures to foster reusability and 
knowledge. Osgood and Tian (2012) argued that, as one of the relevant outcomes of 
the system dynamic process is software, the field could benefit from the adoption of 
methodology and techniques from software development.

The “Chaos Report” (Standish Group International, 2013) that analyzes the 
performance of software development projects indicated that, on average, 65% of 
the projects evaluated from 1994 to 2012 either failed or had some change in terms 
of time, cost, or scope. Some of the critical factors that influence software project 
performance are related to requirements, mainly unclearness and incompleteness. 
The lack of quality defining the requirements brings to inadequate specifications that 
are incomplete and often need changes.

Requirements specification, which is created during the model 
conceptualization, is an essential activity in developing a system dynamics model 
(Luna-Reyes, 2003), as well as in software development. This process consists 
of establishing the focus of the study by setting the general perspective, the time 
horizon, and involve critical decisions of what part of reality to study and how to 
describe it (Randers, 1980). In the iterative process proposed by Sterman (2000), 
this would be accomplished in the problem articulation and dynamical hypothesis 
formulation steps. 

Several tools have been proposed for supporting the conceptualization of the 
System Dynamics model structure. Among those available tools, this work aims to 
explore the application of standard modeling language notation for representing the 
subsystem and policy diagrams. 

Subsystem diagrams depict the overall architecture of a model, along with the 
flows of material, money, goods, information, and so on, coupling one subsystem to 
another (Morecroft, 1982). Policy diagrams show the information inputs to a particular 
decision rule, causal structure, and time delays (Morecroft, 1982).

Although those two diagramming tools had been proposed in the ’80s 
(Morecroft, 1982), there is no common standard notation yet. The selection of the 
methods and tools used depends on, among other things, from a mix of institutional 
support, consistency with the field’s core assumptions, local preferences, and the 
wisdom of practitioners experience (Lane, 2008). Figure 1 illustrates how different 
notations haven been used to create the subsystems diagram by various authors. 
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Figure 1. Examples of subsystem diagram notation that have been used. (A) 
Software project dynamics (Abdel-Hamid and Madnick, 1991), (B) Corporate growth 
model (Forrester, 1964), (C) Manufacturing and retailing (Morecroft, 1982), and (D) 

Organization of a production-distribution system (Forrester, 1961).

The main objective of this work is to set an initial exploration of the feasibility 
of the application of a standard system modeling language for System Dynamics 
model conceptualization and describe a simple example of its usage.

This work is organized into four sections: Section 1 is this introduction; 
Section 2 presents a brief description of the standard System Modeling Language 
(SysML); Section 3 describes a simple example of the usage of SysML for model 
conceptualization and the system dynamic model formulation; finally, section 4 
shows the conclusions, the limitations, and suggestions for future works.

2 |  THE SYSML
The Object Management Group (OMG) created, as an extension to the 

Unified Modeling Language (UML), the OMG Systems Modeling Language (SysML) 
that defines a general-purpose language, which supports the specification, analysis, 
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design, verification, and validation of a broad range of complex systems (OMG, 
2015).

SysML reuses many of the diagrams of UML and is designed to provide simple 
but powerful constructs for modeling a wide range of systems engineering problems. 
The language is intended to support multiple processes and methods such as 
structured, object-oriented, and we argue that it is also suitable for system dynamics 
modeling. SysML uses a subset of UML diagrams, introducing others appropriate to 
model non-software systems, see Figure 2.

Figure 2 - Overview of SysML/UML interrelationship.

Source: (OMG, 2015).

The SysML diagram taxonomy is shown in Figure 3. Although it provides a 
logical organization for the most important diagrams, it does not preclude the careful 
mixing of different diagram types (OMG, 2015).
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Figure 3 - SysML diagram taxonomy.

Source: (OMG, 2015).

The Requirement Diagram and Parametric Diagram are new SysML diagram 
types, while the Activity Diagram, Block Definition Diagram, and Internal Block 
Diagram are modified versions from UML. SysML blocks are based on UML classes 
and can include properties to specify its values, parts, references to other blocks, 
and may be used to define operations or other features that describe the behavior of 
a system, as shown in the next section.

3 |  EXAMPLE OF SYSML USAGE FOR MODEL DEVELOPMENT
To explore the feasibility of using the SysML notation for describing a System 

Dynamics model requirements and its overall structure, a “Water Distiller” example, 
extracted from Friedenthal et al. (2014), was used. This example addresses the 
design of an extremely simple water distiller that is both economical to build and 
adaptable to a variety of energy sources, and have to be deployed in impoverished 
parts of the world where safe drinking water is not readily available.

The nature of the problem is neither complicated nor software-intensive. 
Still, it suffices to the didactic purpose of this work for demonstrating the usage 
and feasibility of the SysML as a tool to support SD model conceptualization. In 
the original example, the authors used a functional analysis approach that consists 
of the following steps: organize the model; establish and analyze stakeholder 
needs; specify functionality, interfaces, physical, and performance characteristics; 
synthesize alternative solutions; tradeoff analysis; and maintain traceability. This 
iterative process is similar to the strategies proposed by Sterman (2000), composed 
of the steps: problem articulation, dynamic hypothesis formulation; simulation model 
formulation; tests; and policy design and evaluation.
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Figure 4 presents a schematic representation of the continuous water distiller. 
It includes a boiler with an internal heating element (E) and a heat exchanger that 
has cold, dirty water flowing in the coils (A) and steam condensing around them 
for generating pure water (F). The condensing coil (A) also heat the dirty water, 
recovering part of the energy used for boiling the water.

Figure 4. Continuous water distiller.

Source: (Friedenthal et al., 2014).

In the context of the SysML and the selected example, for establishing and 
characterizing stakeholders’ needs (that account for the problem), a requirements 
diagram derived from the mission statement is used. It describes the breakdown of 
needs, assumptions, and constraints (Figure 5).
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Figure 5. Establishing purification requirements.

Source: (Friedenthal et al., 2014).

Note that each requirement has and identifier “Id” and a textual description. 
They can be derived from each other using the keyword <<deriveReqt>>, trace its 
dependency to other elements using keyword <<trace>>, and many other stereotypes. 

The requirement diagram can capture the system dynamics’ problem 
articulation and dynamic hypothesis in a structured and standardized form; that 
permits it to be traceable throughout the model development process and within the 
artifacts produced. Two other stereotypes can be used for this purpose: problem 
(keyword <<problem>>), which represents a deficiency, limitation, or failure to satisfy 
a requirement, a need, or undesired outcome; and rationale (keyword <<rationale>>), 
which documents the justifications for decisions, requirements, design and the 
dynamic hypothesis (the working theory that account for the problematic behavior).

After the mission statement has been broken down into the system 
requirements (dynamical hypothesis), a preliminary version of the system context 
is developed (Figure 6). This initial version uses the Internal Block Definition, which 
captures the internal structure of a block in terms of properties and connectors 
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between properties. It will be further detailed, while the knowledge of the problem 
increases.

Figure 6. Establishing a context for the distiller system.

Source: (Friedenthal et al., 2014).

For characterizing the system structure and behavior, further developing 
the dynamical hypothesis and a preliminary step to the model formulation, three 
diagramming tools of the SysML can be used.

Block Definition Diagram is the first tool. It defines features of blocks and their 
relationships, such as associations, generalizations, and dependencies. It captures 
definitions of blocks regarding properties, operations, and relationships such as 
system hierarchy or classification tree. Figure 7 presents the block “Distiller,” which 
has a composition relationship and is composed of the blocks “Heat Exchanger” 
(fulfills the role “condenser”), “Boiler” (fulfills the role “evaporator”), and “Valve” 
(fulfills the role “drain”).
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Figure 7. Distiller breakdown with ports.

Source: (Friedenthal et al., 2014).

The blocks in the Block Definition Diagram also identify its ports so that they 
can be interconnected in the Internal Block Diagram. An interface block has typed 
each port, so they specify the items that can flow in and out. Figure 7 shows the two 
kinds of an interface that have been created: “Fport” that has a flow property passing 
“Fluid” and “Hport” that has a flow property passing “Heat.” For both interfaces, the 
default flow direction is “in.” This specification is vital in the System Dynamics context 
for assuring the model’s dimensional consistency.

The second diagramming tool is the Internal Block Diagram that can be 
developed based on the Block Definition Diagram to show how parts are connected 
(Figure 8).
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Figure 8. Internal block definition diagram depicting distiller configuration with item flow 
and allocation.

Source: (Friedenthal et al., 2014).

The third tool is the Parametric Diagram that specifies the domain or project 
constraints enforced by the model. The state of the system can be defined in terms 
of the values of some of its properties. In this example, when the water temperature 
reaches 100 degrees Celsius, it may change from liquid to gas, resulting in a different 
set of entropy constraints equations.

The water distiller constraints, along with its initial conditions, are shown in 
Figure 9, and summarized below:

• The cold dirty water’s flow rate into to the distiller is of 10 grams per se-
cond (initial distiller.main1.mass flow rate), at 20 degrees Celsius (initial 
distiller.main1.water temp) and density of 1 gm/cm3;

• The temperature for boiling the water is 100 degrees Celsius (initial dis-
tiller.main2.water temp);

• The specific heat of the water is 1 cal/gm per degrees Celsius (initial dis-
tiller.main4.specific heat) and the latent heat 540 cal/gm (initial distiller.
main4.latent heat);

• The external energy source for boiling the water is represented by “initial 
distiller.q1.dQ/dt” and the energy recovered from condensing water by 
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“initial distiller.q_int.dQ/dt”;

• There is no cooling of the pure condensed steam, and the water leaves 
the distiller at 100 degrees Celsius (initial distiller.main4.water temp”);

• The drain flow rate and the amount of energy that the external source 
provides (initial distiller.q1.dQ/dt)  need to be evaluated by the model.

Figure 9. Defining parametric relationships as a prelude to analysis.

Source: (Friedenthal et al., 2014).

The SysML notation neither includes the causal loop diagrams (CLDs) nor 
the stock and flow diagrams (SFDs). Those tools are reasonably standardized, and 
their benefits and limitations are well understood (Lane, 2008). Developing those 
diagrams based on the requirements and knowledge gathered using the SysML 
language is a trivial task.

Figure 10 shows the causal loop diagram, composed of two feedback loops. 
The balancing loop “Boiling” represents the process of changing the state of the 
heated dirty water from liquid to gas. The more available energy, the more water 
is heated to produce water steam and reduces the available energy. The second 
reinforcing loop, “Condensing and heating,” represents the process condensing the 
water steam to pure water while heating the cold, dirty water. The beginning of the 
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loop is the same as the first one. Still, with more water steam, more cold water is 
necessary to condensate pure water to free latent water energy and increases the 
available energy.

Figure 10. Water distiller’s causal loop diagram.

The dirty water drain reduces the available water for boiling to compensate 
the disequilibrium of the energy necessary for heating and boiling the water and the 
energy recovered by condensing water. This disequilibrium is also compensated by 
the energy provided by the external source.

The stock and flow diagram of the water distiller developed using the SysML 
specification presented so far is shown in Figure 11.
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Figure 11. System Dynamic model of the Distiller system.

Simulating the System Dynamics developed model presented in Figure 11, 
the water distiller equilibrium reached the same values obtained by Friedenthal et al. 
(2014) for the parameters of the external energy source, providing 800 calories per 
second and the water drain flow discarding 85.2% of the heated dirty water.

4 |  CONCLUSION
This work aimed to set an initial exploration to demonstrate the feasibility 

of using the SysML notation to support the System Dynamics model development 
process during the problem articulation and dynamical hypothesis formulation. An 
example of a continuous water distiller system was used to demonstrate how SysML 
could be used to capture the system structure and behavior. Then, the specification 
developed about the water distiller was used for creating a complete System 
Dynamics simulation model.

The System Dynamics model created obtained the same outputs of the 
original SysML model. This result reinforces the proposal of this work regarding 
the possibility of using SysML in the System Dynamic context. But, as an initial 
exploration, the results showed still lack a more detailed discussion about the 
diagramming tools presented and its implication in more complex problems that are 
common in the System Dynamic field.
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The use of SysML may foster the reusability of common basic structures, 
facilitate the model understandability by using a set of standard constructs, enable 
the traceability of artifacts produced along with the model development, and benefit 
from existing free SysML modeling tools.

Other SysML diagramming tools could be used for modeling bigger and more 
complex systems, such as the activity, sequence, state machine, and use case 
diagrams for capturing complex behaviors.
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