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ABSTRACT

This paper presents a detailed review of interactive software architecture (ISA). ISA has emerged as an
important aspect in software engineering offering a framework that prioritizes user interaction, real-time
responsiveness and adaptability.

The paper explores various aspects crucial for the design, development, and maintenance of robust and
scalable software systems. The review encompasses architectural patterns, design principles, scalability,
maintainability, security, and emerging trends. The paper also examines the significance of ISA and
challenges for the same.

Objective: The objective of the paper is to provide a comprehensive understanding of the key
considerations in interactive system architecture and how they impact the overall success of a software
project. The paper also goes on to discuss the challenges and benefits of implementation of ISA

Methodology: the study adopted a desktop approach by reviewing existing literature on the topic at hand so
as to provide a simplified understanding of the interactive system architecture.

Recommendations: at the end of the paper it provides recommendation on future developments in this field.

Keywords: interactive system architecture (ISA), design, principles, challenges of ISA

INTRODUCTION

Brief Background of ISA

Interactive Software Architecture (ISA) represents a significant advancement in software engineering,
highlighting the increasing need for software systems that prioritize user interaction, adaptability, and user-
centric design. Interactive systems architecture refers to the design and organization of computer systems
characterized by significant amounts of interaction between humans and the computer (Interactive Systems |
Encyclopedia.com, n.d.).

The origins of ISA may be traced back to the initial stages of software architecture research. This research
sought to identify the fundamental rules that govern the design and structure of intricate software systems
(Bass et al., 2020). ISA has become a significant architectural paradigm known for its emphasis on enabling
smooth user interactions, immediate reactivity, and ability to adapt to changing requirements.

The primary objective of interaction-oriented architecture, a subset of interactive systems architecture, is to
separate the interaction of the user from data abstraction and business data processing (Interaction-Oriented
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Architecture, n.d.-b). This architecture decomposes the system into three major partitions: the data
module, control module, and view presentation module (Interaction-Oriented Architecture, n.d.-b).

ISA is a design paradigm that aims to separate user interaction from data abstraction and business data
processing (Interaction-Oriented Architecture, n.d.-c). This architecture decomposes the system into three
major partitions: the data module, control module, and view presentation module (Interaction-Oriented
Architecture, n.d.-c).

The data module provides data abstraction and all business logic, while the control module identifies the
flow of control and system configuration actions. The view presentation module is responsible for the visual
or audio presentation of data output and provides an interface for user input (Interaction-Oriented
Architecture, n.d.-c).

Two major styles of interaction-oriented architecture are Model-View-Controller (MVC) and Presentation-
Abstraction-Control (PAC). Both MVC and PAC propose a three-component decomposition and are used
for interactive applications such as web applications with multiple tasks and user interactions (Interaction-
Oriented Architecture, n.d.-c). However, they differ in their flow of control and organization. PAC is an
agent-based hierarchical architecture, while MVVC does not have a clear hierarchical structure (Interaction-
Oriented Architecture, n.d.-c).

Component-based software architecture, a subset of interaction-oriented architecture, divides a problem into
sub-problems each associated with component partitions (Software Design and Architecture Lecture 15, n.d.-
b). The interfaces of the components play important roles in the component-based design, with the main
motivation behind this design being component reusability (Software Design and Architecture Lecture 15,
n.d.-b). This approach increases overall system reliability since the reliability of each individual component
enhances the reliability of the whole system via reuse (Software Design and Architecture Lecture 15, n.d.-b).

In conclusion, interaction-oriented software architecture offers a structured approach to separating user
interaction from data processing, promoting component reusability, and enhancing system reliability.
However, it’s important to note that the choice between MVC and PAC, or other styles, should be guided by
the specific needs and context of the software project.

Evolution of ISA

ISA has evolved significantly over the years, driven by the increasing complexity of software systems and
the need for more effective ways to manage user interactions. The core of interactive systems is based on the
functional requirements for the system, which usually remains stable. However, user interfaces are often
subject to change and adaptation, requiring architectures that support the adaptation of user interface parts
without causing significant disruption (Seffah et al. 2008).

Significance of studying interactive systems architecture

The development of ISA has been closely linked with technological advancements and the evolving field of
software engineering. The widespread adoption of the internet, mobile devices, and ubiquitous computing
has required a transition towards software systems that are highly dynamic and responsive (Butani, 2020).
As a result, ISA has been utilized in various fields such as web applications, gaming, multimedia systems,
and 1oT (Internet of Things) ecosystems. The versatility of this technology highlights its significance in a
constantly evolving technological environment.

Therefore, studying interactive systems architecture is important because it provides a structured approach
to designing systems that are user-centric and adaptable. It allows for the creation of systems that can
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effectively manage user interactions, process data, and adapt to changing user needs and system
requirements (Interaction-Oriented Architecture, n.d.-b). Furthermore, understanding this architecture can
lead to the development of more efficient, reliable, and scalable systems.

The importance of ISA has grown in recent years due to the widespread use of microservices architectures
and the rising focus on user-centered design methods (Chalupsky & Osterweil, 2017). The architectural
patterns and concepts that form the foundation of ISA strongly correspond to the principles of modularity
and encapsulation that are central to microservices, making it a seamless match for contemporary software
development paradigms.

Ultimately, ISA has emerged as a robust architectural paradigm that effectively caters to the requirements of
modern software engineering. It specifically emphasizes the creation of interactive, user-centered, and
flexible software systems. In order to advance the field and fulfill the changing needs of users and
stakeholders, it is crucial to comprehend and establish the principles and practices of Information Systems
Architecture (ISA), as software becomes more and more crucial in our lives.

Overview of the research paper’s objectives and structure
The objective of the paper is to provide a comprehensive review of interactive system architecture.
To do this we will examine the below

e Brief background on ISA

e Principles of ISA

¢ Architectural Components and patterns of ISA
o Benefits of ISA

e Challenges in implementation of ISA

e Recommendation of future studies

e Conclusion

PRINCIPLES OF INTERACTIVE SOFTWARE ARCHITECTURE

Interactive Software Architecture (ISA) is distinguished from other architectural paradigms by its design
and execution, which are based on a set of fundamental principles. These principles together steer the
creation of software systems that give priority to human engagement, immediate reactivity, and adaptability.
Avgeriou et al. (2019) identified a set of principles that characterize ISA, utilizing well-established research
and industry standards.

Modular decomposition

The key concepts and principles in ISA include the separation of concerns, modular decomposition, loose
coupling, and support for multiple views (Seffah et al. 2008; Bass et al, 2020). The primary objective of
interaction-oriented architecture, a subset of ISA, is to separate the interaction of the user from data
abstraction and business data processing (Amini et al. 2019). This idea improves the capacity to reuse and
maintain components, as they may be developed and updated separately, resulting in systems that are more
adaptable and can handle larger workloads.

This architecture decomposes the system into three major partitions: the data module, control module, and
view presentation module (Amini et al. 2019). Each module has its own responsibilities, promoting
modularity and loose coupling (Seffah et al. 2008).
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User-Centric Design:

ISA prioritizes the user experience as the primary focus of architectural concerns. The authors argue for a
comprehensive comprehension of user requirements, inclinations, and actions during the entirety of the
software development procedure (Avgeriou et al., 2019). ISA incorporates user-centered design approaches,
such as user personas and usability testing, to guarantee that software systems are intuitive and promptly
responsive to user input.

Ability to respond quickly

ISA is characterized by its ability to quickly respond in real-time, which is made possible by the use of
event-driven communication protocols. Elements within an Instruction Set Architecture (ISA)-based system
interact through events, enabling prompt reactions to user inputs or modifications in the system’s
surroundings (Soares et al. 2021). This guarantees that the software maintains a high level of interactivity
and adaptability.

Smooth and consistent interactions

The ISA framework prioritizes the orchestration of user interfaces, allowing for smooth and consistent
interactions. It entails the synchronization of diverse interface elements and components to deliver a
coherent and captivating user experience (Soares et al. 2021). This orchestration guarantees that user
interactions are seamless and instinctive, irrespective of the underlying intricacy.

ISA systems are intentionally built to be adaptable and capable of evolving. According to Chalupsky and
Osterweil (2017), software systems have the ability to adapt and adjust to new needs, technologies, and user
expectations without the need for significant redesign. This idea allows software systems to stay current and
competitive in rapidly changing contexts.

These principles collectively establish the basis of ISA, providing guidance to architects and developers in
designing software systems that excel in user engagement, real-time responsiveness, and adaptability. ISA
promotes the development of software that not only fulfills functional requirements but also delivers an
exceptional user experience, in line with the changing needs of modern software engineering (Gongalves et
al. 2023).

ARCHITECTURAL COMPONENTS AND PATTERNS

According to Avgeriou et al. (2019), Interactive Software Architecture (ISA) is based on a collection of
architectural components and patterns that enable the development of software systems that are optimized
for user interaction, real-time responsiveness, and adaptability. The components and patterns serve as the
foundational elements of ISA, establishing the structural framework for the creation of interactive software.
This part delves into the fundamental architectural components and patterns related to ISA, utilizing well-
established research and industry standards.

Components of the User Interface (Ul): The fundamental components of ISA consist of user interface
(UI) elements, including buttons, forms, and widgets (Avgeriou et al., 2019). These components have the
responsibility of displaying information to users and recording their input. Ul components are meticulously
crafted to guarantee usability, responsiveness, and an aesthetically pleasant user experience.

Event-Driven Mechanism — ISA significantly relies on event handling algorithms to effectively handle
user interactions and system responses (Bass et al., 2020). Occurrences, such as user clicks or keyboard
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inputs, initiate particular operations within the software. Event-driven programming paradigms, such as the
observer pattern, are frequently used to facilitate immediate responsiveness.

Middleware and Communication Layers: Middleware and communication layers are integrated into ISA
to facilitate the smooth transmission of data and events among components (Soares et al., 2021). These
layers ease the interchange of data and coordination between components by permitting inter-component
communication, while also ensuring that the components remain loosely coupled.

Component Containers: ISA encourages the use of modularity and componentization, which are made
easier by employing component containers or containership patterns (Chalupsky & Osterweil, 2017).
Containers serve the purpose of enclosing and overseeing collections of interconnected elements, hence
improving the capacity to reuse and maintain them. Typical container types encompass modules, services,
and microservices.

Model-View-Controller (MVC) and Variations: The concept of Model-View-Controller (MVC) and its
several adaptations: The MVC architectural pattern, including its versions like Model-View-Presenter
(MVP) and Model-View-View Model (MVVM), is commonly used in ISA (What were the major problems
with MVC Framework? — Geeks for Geeks. 2022) The patterns facilitate the segregation of the user interface
(view) from the application logic (controller or presenter), hence fostering a well-defined and sustainable
design.

State Management: State management is crucial in interactive systems due to their dynamic character, as
stated by Bass et al. (2020) in their research on ISA. Architectural patterns, such as the Finite State Machine
(FSM), aid in the representation and control of the several states that a system or component can undergo as
a result of user interactions.

Adaptive Components: ISA prioritizes adaptability and achieves it through the use of adaptive components
and patterns (Chalupsky & Osterweil, 2017). These components have the ability to adapt their behaviour
and appearance in response to user preferences, environmental conditions, or system requirements.

The inclusion of these architectural components and patterns is crucial for the effectiveness of ISA-based
systems, as they empower architects and developers to design software that is exceptionally interactive,
responsive to user activities, and capable of adapting to dynamic circumstances. ISA strikes a balance
between modularity, usability, and performance by utilizing these components and patterns. This aligns with
the key principles of user-centric design and flexibility.

BENEFITS OF INTERACTIVE SYSTEMS ARCHITECTURE (ISA)

The use of ISA provides numerous benefits, as emphasized by Chalupsky and Osterweil (2017):

1. Improved User Satisfaction: ISA prioritizes user-centric design, resulting in enhanced user
satisfaction and usability, crucial factors in the current competitive software market.

2. The ease of maintenance of ISA is enhanced by its modularity, which allows for localized adjustments
to certain components without impacting the overall system.

3. Scalability: The modular design of ISA facilitates the expansion of systems by adding or substituting
components as required.

4. Components produced following ISA principles can be repurposed in many projects, resulting in time
and resource savings.
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Challenges and Issues in implementation of ISA
ISA faces several challenges and issues that can impact the effectiveness and efficiency of the system:

Scalability and performance considerations

As interactive systems grow in complexity and user base, scalability becomes a critical challenge. The
architecture must be able to handle increased loads without performance degradation. This includes ensuring
that the backend infrastructure can scale to meet demand and that the user interface remains responsive
(Rzayev, T. 2019; Lard et al. 2004).

Security and privacy concerns

With the increasing amount of sensitive data processed by interactive systems, security and privacy issues
are important to consider during the implementation of the ISA. The architecture must incorporate robust
security measures to protect against unauthorized access and data breaches. Privacy concerns also dictate
that the system must ensure user data is handled in compliance with regulations and ethical standards
(Rzayev, 2019; Ward & DeVault, 2016).

Compatibility and interoperability challenges

Interactive systems often need to work with a range of other systems and technologies. Ensuring
compatibility and interoperability is a significant challenge, particularly when integrating new technologies
or updating legacy systems. The architecture must support standard communication protocols and be
designed with interoperability in mind (Lard et al; 2004; Information, n.d.).

Proposed Solutions to address the Challenges in implementation of ISA

Existing research and literature on interactive systems architecture address these challenges, offering
insights into potential solutions and best practices. For example, the paper “Advances in Software
Architecture Design Applied to Human Computer Interaction Processing” discusses distributed architectures
that propose high-level services oriented toward interaction for all applications (Lard et al. 2004). The
article “Challenges in Building Highly Interactive Dialogue Systems” identifies key challenges relating to
modeling, systems architecture, and development methods, emphasizing the importance of addressing these
issues for the success of interactive systems (Ward & DeVault, 2016). Additionally, the special issue on
Interactive Systems from the journal “Information” highlights the problems of human-computer interactions
and the complexities that arise in professional and daily life due to the evolving nature of computerized
environments [(Information, n.d.). These resources contribute to a deeper understanding of the challenges
faced in designing and implementing interactive systems architecture.

Future Directions and Research Opportunities

Emerging trends and technologies, potential areas of improvement, and research gaps present numerous
opportunities for the future of interactive systems architecture:

Emerging trends and technologies in ISA

As interactive systems evolve, they open the door for more seamless human-computer interaction and
collaboration (Rzayev, T. 2019). For instance, the rise of mixed reality, artificial intelligence, and machine
learning technologies can significantly enhance the capabilities of interactive systems (Rzayev, T. 2019).
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Additionally, the concept of interactive architecture, which involves designing spaces that can change and
adapt in real-time response to people and the environment, presents exciting possibilities for the future
(Wikipedia contributors, 2023a).

Potential areas of improvement and innovation

There are several areas where interactive systems architecture can be improved. For instance, enhancing the
scalability and performance of interactive systems, particularly as they grow in complexity, is a critical area
of focus [Amini, et al. 2019). Additionally, addressing security and privacy concerns, particularly in the
context of increasing amounts of sensitive data being processed by interactive systems, is another important
area for improvement (Ward & DeVault, 2016b).

Research gaps and avenues for further exploration

Despite the significant progress in interactive systems architecture, there are still many research gaps and
avenues for further exploration. For example, the complexity of computerized environments has increased
year by year, leading to problems in professional activities as well as in daily life (Information, n.d.-b).
Addressing these complexities and designing more user-friendly and intuitive systems is a key research
challenge. Furthermore, integrating interaction design into the software development process and exploring
the potential of domain-specific languages for interactive systems are other promising research directions (
Information, n.d.-b).

The future of ISA is promising, with numerous opportunities for research and innovation. By addressing the
current challenges and leveraging emerging trends and technologies, we can expect to see significant
advancements in this field.

CONCLUSION

Summary of key findings and insights from the research paper

This research paper has explored the key principles, components, challenges, and future directions of
interactive systems architecture. The study has highlighted the importance of separation of concerns,
modularity, loose coupling, and support for multiple views in the design and implementation of interactive
systems (Achten, 2019; Taleb, 2008). It has also underscored the critical role of user interface design,
backend infrastructure, and communication protocols in facilitating effective user interaction and system
functionality (Amini et al. 2019; Seffah et al. 2008).

The research has identified scalability, security, and compatibility as major challenges in interactive systems
architecture. It has also pointed out the potential of emerging trends and technologies, such as mixed reality,
artificial intelligence, and machine learning, in enhancing the capabilities of interactive systems (Taleb,
2008; Seffah et al. 2008).

Implications of the study on the field of interactive systems architecture

The implications of this study are significant for both researchers and practitioners in the field of interactive
systems architecture. It provides a comprehensive overview of the current state of the field and highlights
areas for future research and innovation. The study also underscores the need for continuous improvement
in the design and implementation of interactive systems to address the evolving needs of users and the
increasing complexity of software systems (Achten, 2019; Taleb, 2008; Amini et al. 2019; Seffah et al.
2008).
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Recommendations for future research and industry practitioners.

For future research, the study recommends a focus on enhancing the scalability and performance of
interactive systems, addressing security and privacy concerns, and ensuring compatibility and
interoperability. It also suggests exploring the potential of emerging trends and technologies and addressing
the complexities of computerized environments (Taleb, 2008; Seffah et al. 2008).

For industry practitioners, the study recommends adopting the key principles of interactive systems
architecture in the design and implementation of systems. It also suggests focusing on user interface design,
investing in robust backend infrastructure, and adopting standard communication protocols to facilitate
effective user interaction and system functionality (Amini et al. 2019; Seffah et al. 2008).
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