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Efficient workflow management is crucial for oncology clinics, enabling them to
deliver high-quality care and effective treatment. This paper proposes a solution
based on a workflow architecture to optimize clinical processes in an oncology clinic,
with a focus on operational efficiency. The proposal is based on documentary
research and literature reviews of clinical requirements, as well as the definition of
an adapted architecture, using modeling techniques to ensure scalability, security,
and maintainability. Diagrams with UML and BPMN notations are presented as a
foundation for future projects, aiming to unify and automate workflows. The results
obtained cover the first two stages of the architectural lifecycle (requirements
analysis and design). Although this proposal does not involve full implementation, it
provides a robust framework for the future development of functional, cohesive, and
maintainable software systems, with the need for practical validations.

Keywords: Workflow; BPMN; Architectural Views of Software; FURPS+.

Resumo:

A gestdo eficiente dos fluxos de trabalho é essencial para clinicas de oncologia,
visando garantir a qualidade do atendimento e a eficdcia dos tratamentos. Este
trabalho propde uma solug¢do baseada em arquitetura workflow para otimizar
processos clinicos em uma clinica de oncologia, com foco na eficiéncia operacional.
A proposta é fundamentada em pesquisas documentais e revisdes bibliograficas de
requisitos clinicos e na definicdo de uma arquitetura adaptada, utilizando técnicas de
modelagem para garantir escalabilidade, seguranca e manutenibilidade. Diagramas
com nota¢des UML e BPMN sdo apresentados como base para projetos futuros,
visando a unificagdo e automacgdo dos fluxos de trabalho. Os resultados obtidos
cobrem as duas primeiras etapas do ciclo de vida arquitetural (analise de requisitos
e design). Embora esta proposta ndo envolva a implementagdo completa, ela fornece
uma estrutura robusta para o desenvolvimento futuro de sistemas de software
funcionais, coesos e manuteniveis, com a necessidade de validagGes praticas.

Palavras-chave: Workflow; BPMN; Visdes Arquiteturais de Software; FURPS+.

Resumen:

La gestion eficiente de los flujos de trabajo es esencial para las clinicas de oncologia,
con el objetivo de garantizar la calidad de la atencién y la eficacia de los tratamientos.
Este trabajo propone una solucién basada en arquitectura de flujo de trabajo para
optimizar los procesos clinicos en una clinica de oncologia, con enfoque en la
eficiencia operativa. La propuesta se basa en investigaciones documentales vy
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revisiones bibliograficas de requisitos clinicos, asi como en la definicién de una

arquitectura adaptada, utilizando técnicas de modelado para garantizar

escalabilidad, seguridad y mantenibilidad. Se presentan diagramas con notaciones

UML y BPMN como base para proyectos futuros, con el objetivo de unificar y

automatizar los flujos de trabajo. Los resultados obtenidos cubren las dos primeras

etapas del ciclo de vida arquitecténico (analisis de requisitos y disefio). Aunque esta

propuesta no implica una implementacién completa, proporciona un marco robusto

para el desarrollo futuro de sistemas de software funcionales, cohesivos y

mantenibles, con la necesidad de validaciones practicas.

Palabras clave: Workflow; BPMN; Vistas arquitecténicas de software; FURPS+.
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1. INTRODUCTION

As pointed out by Chaudhry et al. (2006), Information Systems (IS) in the
Healthcare Sector offer numerous advantages, including full access to patient
data, error reduction, cost minimization, data security and improved patient care.

According to Gooch's (2011) studies, the application of workflow architecture in
healthcare also contributes to patient safety and regulatory compliance. Activity
traceability, audit trails, and consistent application of clinical protocols are
fundamental elements of care.

In oncology clinics, efficient workflow management is crucial for ensuring the
quality of care and the success of treatments offered to patients. Software based
on workflow architecture emerges as a promising approach to optimize and
improve clinical processes in this complex setting.

According to Winchester (1999), workflow architecture is a structure that allows
the automation and management of workflows, defining the logical sequence of
activities and the interaction between different systems and professionals.

Martin (2019) points out that it is common for programmers, faced with a new
challenge, to embark on an implementation effort without prior planning,
thereby highlighting the behavior of a solution at the detriment of its
architecture. Consequently, this results in rigid, expensive, and difficult-to-
maintain systems, thus compromising their longevity, which is the opposite of
what is desired for software that stores vital information.

The proposal for software based on workflow architecture aims to enable the
implementation of control and monitoring mechanisms, ensuring compliance
with standards and process quality, in line with Sommerville's (2011) assertion
about software architecture.

The overall objective of this work is to propose software based on a workflow
architecture for an oncology clinic, with a focus on optimizing the treatment flow
and patient follow-up. The study will identify the clinic's needs by analyzing the
challenges and opportunities of applying this approach in the oncology setting. It
is essential to note that this work does not encompass system implementation
but instead focuses on the first two phases of the architectural lifecycle:
Requirements Analysis and Architectural Design, including the proposal of an
architectural project utilizing suitable technologies.

Ultimately, this work is justified by its contribution to streamlining clinical
practices, providing a solid foundation for proposing technological solutions that
optimize workflow management, enhance process efficiency, and promote more
integrated and personalized patient care, thereby reflecting the evolution of the
healthcare field with appropriate technological support.
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2. THEORETICAL FOUNDATION

According to Pressman (2011), software architecture is the foundation of a
system, encompassing its components, visible properties, and interactions. It
encompasses the key design and organizational decisions that shape the system
and is responsible for ensuring that it meets both functional and non-functional
requirements. In the context of software architecture, workflow architecture is a
specific approach that focuses on automating and managing workflows within
the system, facilitating coordination between processes and improving efficiency.

To give a clearer view of software architecture, the following can be checked:

Would you try to build a house without a blueprint? You would not draw the
blueprints starting with the house's plumbing layout, either. You should start
with the big picture—the house itself—before worrying about the details. That
is precisely what architectural design does—it provides an overview and
ensures you understand it correctly (Pressman, 2011, pp. 387-388).

Software architecture is not just about creating diagrams; it encompasses much
more than you might imagine, from identifying components, relationships,
layers, architectural patterns, and architectural qualities to implementing and
testing the software, ultimately generating benefits from its use.

Larman (2007) emphasizes the importance of software architecture as a
fundamental element for a system's success. He highlights the benefits of proper
architecture, including effective communication, reusability, maintainability,
scalability, and testability, and encourages an iterative and flexible approach to
architectural design, as shown in Table 1.

Table 1- Benefits of software architecture
Benefit Definition
The architecture provides a clear visual representation of the system, which
not only facilitates an understanding of the components and their

Understanding interactions but also serves as a common language between the
and development team and stakeholders. This promotes more effective
communication collaboration, ensuring that everyone involved has a shared understanding of

the project objectives and system functionality, thereby reducing ambiguities
and misunderstandings.

Reuse Identifies reusable components, saving time and effort in development.

Good architecture facilitates system maintenance and evolution by allowing
teams to quickly identify the source of problems and implement fixes or
improvements. This is achieved through a modular structure that separates
Maintainability functionalities, simplifying the implementation of changes and the addition
of new features. This flexibility is essential in a constantly changing
technology environment, where user requirements and demands can evolve
rapidly.
Allows you to scale the system to handle increased load or new performance
requirements.
Testability Facilitates test creation, improving coverage and detection.
Source: Adapted from(Larman, 2007)

Scalability

2.1 Workflow Architecture

According to Aalst (2004), a workflow is a formalized and automated
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representation of a business process that defines the sequence of activities,
control logic, and interactions between people, systems, and resources, to
achieve a specific objective. It involves the coordination and efficient
management of tasks, information, and resources involved in the process,
ensuring the orderly and consistent execution of activities, based on predefined
business rules and policies. Sommerville (2011) further emphasizes the
importance of correctly modeling workflows, considering the different types of
tasks, the sequencing of activities, the coordination between participants, and
the integration with other systems. He emphasizes that the workflow
architecture must be designed to support the specific demands of the business
environment.

As Aalst (2004) points out, workflow architecture involves the automation,
management, and coordination of business processes through information
systems. It is based on a clear understanding of business processes and uses
modeling techniques to represent them visually or textually. These models
capture the structural and behavioral aspects of processes, defining the activities
involved and their interactions, as suggested in Table 2.

Table 2Workflow architecture concepts

A series of coordinated activities aimed at achieving a specific

objective, forming the basis of workflow architecture.

Representation of processes using notations such as BPMN to

capture structural and behavioral aspects.

Automation and management of processes through systems,

with a focus on designing flexible and efficient workflows.

Coordinates people, systems, and resources in processes,

assigning tasks and facilitating interaction between

participants.

Addresses exceptions and deviations from the normal flow,
Exception management with techniques such as dynamic routing and exception
handling.

Provides mechanisms to monitor process execution and
collect data for analysis and reporting.
Source: Adapted from(Aalst, 2004)

Business process
Process modeling
Workflow

Coordination and
collaboration

Monitoring and analysis

2.2 Architectural life cycle

The architectural life cycle refers to the process by which the architecture of a
software system is conceived, designed, implemented, and evolved. According to
Bass, Clements, and Kazman (2012), the architectural life cycle typically
comprises several stages, as outlined in Table 3.

For Bass, Clements, and Kazman (2012), this is a continuous and iterative process,
as the architecture must keep pace with changes in the environment,
requirements, and technologies. It is essential to ensure robustness, flexibility,
and adaptability of the software system over time.
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Table 3- Life cycle stages and their definitions
Collects and analyzes RF and RNF, considering user needs and
technical constraints.
Architectural design Defines the structure of the system.
Coding of system components based on architectural design
and selected technologies.
Functionality, performance, and security testing to ensure the
system meets requirements.

Requirements analysis

Implementation

Testing and validation

Implementation and Installation and configuration of the system in production,
operation making it operational and available for use.

Evolution and Adjustments and improvements to the architecture to meet
maintenance new requirements and resolve identified problems.

Source: Adapted from(Bass, Clements e Kazman, 2012)

According to Kruchten (1995), the description of how software systems work is
based on the use of multiple concurrent views. These views are used to present
the system from various perspectives, including those of end-users, developers,
and project managers. The 4+1 model consists of four main views: the logical
view, which describes the system structure in terms of classes and objects; the
development view, which focuses on the organization of code and software
components; the process view, which addresses the system dynamics, including
its interactions and workflows; and the physical view, which represents the
infrastructure and the distribution of hardware components. The fifth view,
called the use case view or "+1," illustrates the system architecture through
scenarios that integrate the other views. Figure 1 presents an example of this
model, which will be used throughout this work to guide the analysis and
development of the proposed architecture.

Figure 1- 4+1 Model

Usuario final Programadores
Funcionalidade Gestao de software
> Visao de
Visdo Légica d
Desenvolvimento
| —
Visdo de Caso
de Uso
N— 1
Visdo de
- S Visao Fisica
Pr L
Integradores Engenheiros de sistemas
Performance Comunicagao

Escalabilidade

Source: Adapted from(Kruchten, 1995)

3. METHOD

Given the context of oncology clinics and the need to improve the efficiency of
clinical processes, this study aims to help organize and streamline patient
treatment and follow-up processes, based on workflow architecture.
Bibliographic and documentary research were conducted to support the

Advances in Global Innovation & Technology | v.3 n.3 | 33352 | Sdo Paulo | Apr./Jun., 2025




Workflow Architecture to Optimize Processes in an Oncology Clinic
I Arquitetura Workflow para Otimizar Processos em Clinica Oncolégica
Arquitectura de Workflow para Optimizar Procesos en una Clinica Oncoldégica

DOI: https://doi.org/10.29327/2384439.3.3-6

Global Innovation & Technology

proposal.

3.1 Architectural life cycle

The case study involves an oncology clinic that requires a software application to
enhance its workflow, including controlling patient arrivals, maintaining patient
records, tracking consultations, health professionals, chemotherapy, and patient
progress.

3.2 Architectural life cycle

The Architectural Lifecycle is a fundamental process that encompasses the
phases of system development, from requirements identification to
implementation and maintenance, as mentioned in section 2.2. In this work, the
Requirements Analysis phase is essential for understanding the clinic's needs and
serving as the basis for the proposal. To understand the clinic's needs and
develop the proposal, two main approaches were adopted:

Bibliographic Review: A literature review was conducted on workflow
management in oncology clinics and workflow architecture, providing a
theoretical basis for the proposal.

Documentary Research: Research was carried out on online articles, selected to
provide a more detailed understanding of the processes and demands of the
clinics, namely (Tummers et al., 2021; Bulcdo-Neto et al., 2022; Pufahl et al.,
2022; De Ramoén Fernandez et al., 2020; Chaudhry et al., 2006).

After analyzing the case study, functional and non-functional requirements were
identified. Non-functional requirements (NFRs) include testability, usability,
interoperability, maintainability, scalability, security, and performance.

Table 4 describes the functional requirements (FR), which define the
functionalities and actions the system must perform to meet operational needs.
These requirements encompass managing registration data, displaying
information, and controlling activities related to medical care and specific
procedures.

Table 4- Functional Requirements (FR)

Code Description

RFO1 Maintain patient registration information.

RF02 View a schedule of appointments.

RFO3 Confirm the patient's arrival.

RF04 Record registration data for queries and developments.

RFO5 List the developments and registered patients.

RFO6 | View the progress of a specific patient.

RFO7 Record chemotherapy procedures.

RFO8 Request medication from the nursing station.

RF09 Maintain healthcare professional information.

RF10 Display the calendar with appointments and chemotherapy scheduled for the day.
Source: Authors (2024)

Next, Table 5 presents the business rules (BRRs), which establish the policies and
constraints that the system must follow to ensure the correct execution of
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processes. These rules are essential to ensuring the system's alighment with the
organization's operational standards and practices.

Table 5- Business Rules (NR)
Code Description
Prohibits the registration of appointments on dates and times that are already
occupied.
RNO2  Prevents scheduling of new chemotherapy sessions at previously reserved times.
RNO3 | Removes the appointment from the calendar after 15 minutes of delay.
RNO4  Limits the types of evolution allowed to: Medical or nursing complications.
Only health insurance plans are accepted as payment methods; other methods
must be handled externally.
Source: Authors (2024)

RNO1

RNO5

3.3 Architectural life cycle

The Scenario View, proposed by Kruchten (1995), utilizes cases to demonstrate
how the system meets both functional and non-functional requirements, thereby
validating the architecture against user needs. This approach enables a more in-
depth analysis of how different components interact under real-world usage
conditions, ensuring that the designed architecture is robust and flexible enough
to withstand changes. Scenarios also provide a practical, iterative view of the
system's evolution, enabling stakeholders to visualize the system in operation
and identify potential problems before they become critical. Furthermore,
modeling with scenarios helps identify hidden requirements and prioritize
essential functionality. Booch, Jacobson, and Rumbaugh (2005) state that the use
case diagram is a graphical representation that details the interaction between
users and the system, facilitating clear communication and a deeper
understanding of the requirements. This visualization is essential for aligning the
developers' vision with users' expectations and ensuring that all stakeholders
share a clear understanding of the system's scope. In the case of this work, Figure
2 illustrates these interactions in a manner directly aligned with the objectives
and requirements discussed, while also serving as a tool for continuous validation
throughout the development lifecycle.

The study identified several use cases, each reflecting different functional and
non-functional aspects of the system. However, only one of them will be
presented in this paper due to space constraints. This specific case was chosen
based on its relevance to the project objectives and its ability to illustrate the
essential interactions between users and the system. The application of the
FURPS (+) model followed the approach outlined by Eeles (2005) to ensure that
all relevant aspects are considered during development. This structured
approach will allow for a comprehensive assessment of the requirements,
facilitating the identification of potential risks and opportunities for
improvement. A detailed analysis is presented in Table 6, which provides a clear
overview of the criteria considered and their relationship to the selected use
case.
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Figure 2- Use Case Diagram
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Source: Authors (2024)

Although Table 6 identifies specific quality attributes as non-functional
requirements, it is essential to note that other attributes were also identified in
the architectural scenarios of the other use cases.
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Table 6- Maintain Evolution Use Case
Use Case: CSUO4: Maintain Evolution

Description: The healthcare professional will be able to record an evolution in the system.

Primary Actor: Doctor, Nurse
Supporting Actor(s): N/A.

Preconditions: Be logged into the system.

Main Flow:

1. The Doctor enters the date the evaluation was performed, the type of evaluation (intercurrence,
medical or nursing, according to RNO4), the patient who received the evaluation, the health
professional who performed the evaluation and the procedure that was performed.

2. The system checks whether there are doctors and patients with the data that was filled in.

3. The system confirms that the data already registered in the system exists and records the
evolution.

Alternative flow (3): Patient or doctor not found.

a) The system cannot find a patient or doctor with the fields filled in. Return to step 1.

Alternative flow (1): Consult developments or evolution.

a) The Doctor will select the option to check progress.

b) The system will provide the options to consult a list of evolutions or a specific evolution.

c) The doctor may make changes or delete the progress that was opened or presented.
Postconditions: Evolution has been recorded.

Related Business Rules: RN04

Architectural Scenarios  |Architectural Requirement|Architectural Requirement
(according to FURPS+) Description
For all use cases Functionality/Security  (Access[The user needs to be authenticated by
Restriction) the system.
1. b) Performance/Response Time IThe system must display the result
within 5 seconds at most.
For all use cases Usability/Intuitive interface IThe system must present organized
fields and functions already pre-
established for the user.

Source: Authors (2024)

3.4 Architectural life cycle

The Architectural Cycle is a structured set of steps that guides system
development, with the Architectural Design phase being one of the most critical.
This phase focuses on defining the system's structure, considering the
interactions between the various components and user needs. During
Architectural design, it is essential to create representations that visualize the
software's organization, its functionalities, and their interrelationships,
facilitating an understanding of the proposed architecture. Furthermore, these
representations help identify potential integration issues and validate
architectural decisions, ensuring that the solution meets both functional and
non-functional requirements. Therefore, this phase is crucial to ensuring effective
alignment between stakeholder expectations and system implementation.

3.4.1 Logical View

The Logical View, as proposed by Kruchten (1995), focuses on representing the
system's components and the interactions between them. It details the business
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logic, using class and object diagrams to illustrate the software's structure and
organization at a conceptual level. This view is fundamental to understanding
how system elements connect and collaborate to meet functional requirements.
In this work, Figure 3 presents the class diagram that represents the logical view
of the proposed software system architecture for the oncology clinic.

Figure 3- Class Diagram with BCE categorization
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3.4.2 Development Vision

The Development View, as described in Kruchten's 4+1 model (1995), focuses on
software organization, showing how components and code packages are grouped into
modules and libraries. This view is important for understanding code structure,
facilitating system maintenance and evolution. It helps developers manage code
more effectively, promoting efficient development practices.

The package diagram is an essential tool in modeling software systems, as
highlighted by Larman (2007). It organizes packages, layers, or components,
providing a clear view of the system's logical structure and the relationships
between its parts. This organization not only enhances communication between
team members but also fosters a deeper understanding of architecture during
development, enabling everyone to share a common understanding of
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interactions and dependencies. In Figure 4, the package diagram created for this
work illustrates the system's layers, including business logic, information layer,
and presentation layer. It represents the relationships between packages,
highlighting how they can interact independently of the code, contributing to
greater system flexibility and maintainability. This approach allows changes to
one package to be made without directly affecting the others, promoting more
robust and scalable architecture. Furthermore, the use of package diagrams
facilitates the identification of integration and dependency points, which are
crucial for implementing new features and identifying potential areas for
improvement within the existing architecture. This clarity in the system structure
is vital to ensuring the effectiveness of agile development and adapting to
changing requirements throughout the software lifecycle.

3.4.3 Process View

The Process View, also part of Kruchten's 4+1 model (1995), addresses system
dynamics, focusing on how processes interact and behave over time. This view
utilizes activity diagrams and control flows to illustrate the flow of information
and synchronization between various processes. It is essential for understanding
system execution and ensuring that interactions occur as expected.

BPMN (Business Process Model and Notation) is a graphical notation designed to
represent business processes clearly and concisely. It employs a range of symbols
and conventions to represent key elements, including activities, events, flows,
decisions, and interactions. This tool is widely used in process analysis,
automation, and communication, allowing all stakeholders to have a shared and
accurate view of the workflow. The notation includes components such as
activities, events, sequence flows, decisions, gateways, pools, and lanes, as
highlighted by Silver (2012). This structuring facilitates the documentation and
understanding of processes, promoting efficiency and alignment among teams.

Two BPMN diagrams will be presented to illustrate the patient care process,
which is essential for understanding the dynamics of the "Maintain Progress" use
case. These diagrams provide a clear visual representation of the steps involved
in care, enabling stakeholders to visualize how interactions occur in real-time.
Figure 5 demonstrates the moment a registered patient arrives, highlighting the
events and activities that mark the beginning of the process.
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Figure 4- BPMN Diagram for the Maintain Evolution Use Case
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Upon arrival, the diagram in Figure 6 details the patient’s subprocess, addressing
the activities required to determine the most appropriate type of procedure,
considering the patient's specific needs and conditions. This approach ensures
personalized and efficient care.
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Figure 5- Forwarding subprocess
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3.4.4 Physical View

The Physical View, as proposed by Kruchten (1995), represents the system's
infrastructure, detailing the arrangement of hardware components and their
network configurations. This view is crucial for implementing and operating the
system in real environments, providing a clear understanding of how physical
elements connect and interact to support software functionality.

In the context of proposing a workflow-based solution for an oncology clinic, the
web application architecture is structured in three layers: the Presentation Layer
(Front-end), which handles the user interface; the Application Layer (Back-end),
responsible for business logic; and the Data Layer (Database), where information
is stored and managed. Selecting the appropriate tools and technologies for each
layer is essential, considering integration with different languages and APls, and
will depend on the clinic's specific requirements and the availability of solutions.

Figure 7 illustrates the implementation of the physical part of the proposed
architecture, highlighting the arrangement and interconnection of components
in the different layers. This representation highlights the use of Camunda, an
open-source platform for business process automation. According to Camunda
(2024), this tool is effective in orchestrating workflow between layers, ensuring
that patient treatment processes are coordinated in an integrated and efficient
manner.
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Figure 6- Web Architecture
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4. RESULTS AND DISCUSSION

The results obtained so far refer to the first two stages of the architectural
lifecycle: requirements analysis and architectural design. Requirements analysis
was crucial for identifying the specific needs of the oncology clinic, encompassing
both functional and non-functional requirements. The architectural design
translated these needs into a coherent technical structure, defining the
interactions between the system components in line with the quality guidelines
presented by the authors. Nevertheless, it has not yet been possible to validate
these results through practical implementation, which limits the analysis to a
theoretical proposal.

The remaining four stages of the architectural lifecycle — implementation,
testing, deployment, and maintenance — represent the expected outcomes
essential to project completion. Implementation consists of coding the system
components, where design decisions are put into practice. Subsequent testing,
including unit, integration, system, and acceptance testing, will be crucial to
validating the system's quality and ensuring that all requirements are met. This
testing process will enable early identification of problems and adjustments and
may even lead to iterations between stages of the architectural lifecycle, as
needed.

The deployment phase will allow the system to be made available to end users.
In contrast, the maintenance phase will ensure continuous improvement based
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on user feedback and the clinic's changing needs. This iterative and collaborative
approach ensures that the final solution is robust, scalable, and aligned with the
clinic's needs, providing a streamlined workflow and effective patient follow-up.

In Figure 8, the 4+1 model is replicated, considering the elements present in this
work that comprise each of the architectural views.

Figure 7- 4+1 models with application of the concepts used
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5. FINAL CONSIDERATIONS

The work focused on the first two stages of the architectural lifecycle, analyzing
the requirements and proposing the architectural design for an oncology clinic.
These stages were completed, resulting in a robust initial structure that meets
the clinic's identified needs. The subsequent stages, involving implementation,
testing, deployment, and maintenance, are planned as future deliverables. Full
implementation and practical testing have not yet been completed, which limits
the assessment of the system's final effectiveness. Regarding the objective of the
work, it was achieved, demonstrating results that confirm this conclusion.

Although detailed and consistent architecture has been proposed, the lack of
practical implementation means that its operational efficiency cannot yet be fully
validated. To confirm the system's effectiveness, implementation must be
completed, followed by a testing phase that validates the expected results.

Future work could focus on implementing the proposed system and conducting
usability and performance tests to validate the workflow's effectiveness in
practice. Furthermore, assessing the impact on service time and patient care
quality should be part of a more in-depth post-implementation investigation.

Among the identified limitations, the need for integration with legacy electronic
medical record systems stands out, which may necessitate significant adaptation
efforts. Furthermore, the reliance on clinical staff training to operate the new
architecture may pose a challenge in terms of technology adoption.
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