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Abstract 
The focus of this work is to create a distributed software environment for scientific computations using 
iterative algorithms and microservice architecture with containers in a cloud infrastructure. This article 
has two main objectives: first, to analyze and define the necessary requirements for building this kind 
of software system, including theoretical and practical considerations for selecting the appropriate 
architectural style to create an efficient software environment for scientific computations. Second, to 
demonstrate the implementation of microservice architecture in a cloud-based distributed software 
environment, identifying key structural components and their interactions to perform desired scientific 
calculations. Additionally, we aim to provide users with the ability to visually select the optimal 
method for solving their tasks, without requiring a high level of mathematical knowledge. 
Keywords: Iterative Algorithms; Software Architecture; Microservices; Cloud Infrastructure; Containerization; Scalable Software 
System24T. 

1. Introduction 

Microservices is an architectural style that has gained popularity in the last decade. It is based on 
service-oriented computing. To understand why microservices have become popular, it might be 
helpful to perform a quick overview of the history of software architecture and the reasons that led to 
the widespread use of object-oriented services first and microservices later. 
Architecture is the structure of a system that allows it to change and provide a certain level of service 
throughout its life cycle. It is well known that the architecture builds a bridge between system 
functionality and requirements for quality attributes the system must meet in software engineering. 
Software architecture has been extensively studied over the past several decades. As a consequence of 
these investigations, software engineers have introduced different ways to compose systems that 
provide broad functionality, allowing them to overcome obstacles in realizing their functionality. 
 
The problems associated with large-scale software development were first experienced around the 
1960s [1]. The 1970s were the decade with rapidly increasing interest in software design and its 
implications on development. The 1980s saw design being fully integrated into the development 
process, leading to a partial merger of the two activities and the introduction of the concept of software 
architecture. However, it was not until 1992 (see [2]) that software architecture was defined as distinct 
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from software design. As a result of this circumstance, there was a surge of research on the concept 
and its practical applications, which ultimately led to its widespread adoption in both industry and 
academia. 
 
The advent and the first steps of the object-oriented approach appeared in the 1980s. Still, the diffusion 
of this approach continued in the 1990s and made an essential contribution to the field of software 
architecture. We refer to [3], which provides an excellent explanation of the design of object-oriented 
software and how it can be translated into code by using a collection of common solutions called 
patterns. However, it is worth noting that this concept is not new or exclusive to software engineering. 
In the early 2000s, Service-Oriented Computing (SOC) began to develop as a new paradigm for 
distributed computing. It originated from object-oriented and component computing. Service-Oriented 
Computing (SOC) was introduced to simplify the complexity of distributed systems and to allow the 
integration of different software applications (see [4]). However, in the early versions of Service-
oriented architectures (SOA), requirements for services were often vague and difficult to understand 
(such as requirements for discoverability and service contracts). These types of requirements made it 
challenging for the widespread adoption of the SOA model. From this perspective, it can be said that 
microservices represent a "second iteration" of the concept of SOA and SOC. Microservices have 
recently emerged (in the last decade) as a new architectural style in which distributed software 
environments are divided into small, independently deployable services that run in their own process 
and communicate through lightweight mechanisms. 
 
Despite this, there is a lack of repeatable empirical research on the design, development, and 
evaluation of microservices applications in the field of scientific computations. Some initial steps 
towards filling this gap can be found in [5], which discusses a possible initial list of requirements that 
may be useful and also a possible initial list of rules for the architecture structure. Even in the field of 
scientific computations, there is not enough repeatable empirical research on the design, development, 
and evaluation of microservices applications. Some first steps towards filling this gap are given in [5], 
which discusses a possible initial list of requirements that may be useful and also a possible initial list 
of rules for the architecture structure. 
 
As previously mentioned, our work is devoted to building a software environment for implementing 
some methods of scientific computations (primarily from numerical analysis) in an information system 
based on microservices via implementing a mechanism for managing replaceable modules for solving 
some mathematical objects. The choice of architectural style is based on the conclusions drawn from 
identifying the "sine qua non" conditions necessary for optimal functionality of the built software 
environment for scientific calculations (SESC). This work can be considered a complement to the ideas 
introduced in  [6]. 
 
The paper is organized as follows: In Section 2, we review relevant literature about the microservices 
architecture style and propose our conclusions based on the theoretical background needed to adapt 
existing approaches to our specific task. Section 2 also provides some comments on the necessary 
background about the tools needed to realize this paper's aim, i.e., the key technologies used by the 
microservices. In Section 3, we present the architecture of our web-based software environment as well 
as its implementation. Section 4 outlines the main contributions and future plans for the development 
of the system. The final section 5 includes some comments and conclusions. 
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2. Analysis of the relevant sources and some conclusions 

The microservice architecture gained popularity relatively recently and at this time can be considered 
to be in a stage of rapidly growth, with active discussion about establishing a consensus on what the 
microservices actually are.  As far we know, the term “microservices” was first introduced in 2011 at 
an architectural workshop as a way to describe the participants’ common ideas in software architecture 
patterns. Moreover, in 2014 M. Fowler and J. Lewis (also participants in the above-mentioned 
workshop) provided a starting point by defining the principal characteristics of microservices in their 
work [7]. There are many definitions of the microservice architecture style and several in-depth 
analyses of this topic in notable works such as [5], [7], [8], and [10]. The mentioned works, in general, 
explain what microservices architecture is, describe its advantages and provide an analysis of the 
impact of this architectural style on the quality of the essential software attributes. On the other hand, 
the same authors pay attention on how to avoid or overcome the stumbling obstacles while 
implementing the microservices and clarify why the developers should think about their choice to 
apply the microservices architecture when building a new project. Inspired by these works, we will 
compare various aspects of the microservices architecture and analyze the possibility of adopting it as 
the underlying principle for structuring our application for scientific calculations. 

2.1 The microservice 

"The term "microservices" was first introduced in 2011 as one architectural approach, but similar 
approaches have been known by different names earlier. For example, some authors used a very 
similar architecture under the name of fine-grained service-oriented architecture (SOA) [11, 12]. The 
microservice architecture emerged in the last decade as a new way to program applications by 
composing small services, each running in its own process and communicating through lightweight 
mechanisms. This approach is based on the concepts of SOA [4],  which brings service-oriented 
architecture and programming from the large to the small, from crossing-boundaries workflows to the 
application level and into the application architectures. 

Microservices are now a new trend in software architecture, emphasizing the design and development 
of highly maintainable and scalable software. The microservices manage growing complexity via the 
functional decomposition of the large systems into a set of independent services. By making the 
services completely independent in terms of development and deployment, microservices gain 
important properties such as loose coupling and high cohesion. These properties lead to increased 
modularity. This approach delivers many benefits in terms of maintainability, scalability, etc. In 
addition, the approach brought a stack of problems inherited from the distributed systems and SOA, its 
predecessor. From an applicability point of view, it is important that the microservice architecture has 
distinctive characteristics that blend into something unique and different from the predecessor SOA. 

Before we start with the definitions concerning the microservice, we need to define what we will 
understand below under the term "software service". 

Definition 2.1. The software services should serve the needs of one or more internal or external client 
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applications. The interface of such services should therefore be designed from a client perspective, 
optimizing for maximum usefulness for its API consumer(s).  

Note that the semantic characteristic of the term is almost the same as the given in the nontechnical 
Oxford American Dictionary definition of any service: that is, “a system supplying a public need.” 

Definition 2.2. [7, 8] The microservice architectural style is an approach to developing a single 
application as a suite of small services, each running in its own process and communicating with 
lightweight mechanisms, often an HTTP resource API. These services are built around business 
capabilities and are independently deployable by fully automated deployment machinery. There is a 
bare minimum of centralized management of these services, which may be written in different 
programming languages and use different data storage technologies. 

Definition 2.3. [9] Microservices are independently releasable services that are designed around a 
business domain. Each service encapsulates a specific functionality and makes it accessible to other 
services through networks. By combining these individual building blocks, a more complex system can 
be constructed. One microservice might represent an inventory, another order management, and yet 
another shipping. Together, these microservices can make up an entire e-commerce system. 

The next definition is based on how microservices differ from the usual deployment of monoliths. 

Definition 2.4. [10] Microservices are a modularization concept. Their purpose is to divide large 
software systems into smaller parts which imply an influence on the organization and development of 
the software systems. They can be deployed independently of each other, and one important thing is 
that the changes to one microservice can be taken into production independently of changes to other 
microservices. In addition, the microservices satisfy the following key requirements: 

• They can be implemented in different technologies. There is no restriction on each 
microservice's programming language or platform. 

• Microservices possess their own data storage: a private database or a completely separate 
schema in a shared database. 

• They can bring their own support services, for example, a search engine or a specific database. 
Of course, there is a common platform for all microservices—virtual machines. 

• Microservices are self-contained processes or virtual machines, e.g., to bring the supporting 
services along. 

• They have to communicate via the network. To do so, microservices use protocols that support 
loose coupling, such as REST or messaging. 
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2.2 An overview of the microservices’ key pillars(concepts) 

Microservices are an architecture choice focused on giving you many options for solving the problems 
you might face. It is clear that they are a type of service-oriented architecture, albeit one that is 
opinionated about how service boundaries should be drawn and one in which independent 
deployability is key. They are technology agnostic, which is one of the advantages they offer. From the 
outside, a single microservice is treated as a black box. It hosts business functionality on one or more 
network endpoints (for example, a queue or a REST). When exploring microservices, it's crucial to 
identify and understand the key concepts that make them work. Neglecting these concepts can lead to 
decreased productivity or obstacles for optimal system performance. For this reason, we can conclude 
that it is necessary to analyze the core ideas involved in the microservices architecture as the 
independence of the deployability and the database sharing needed. 

Independent Deployability. The significance of independent deployability stems from the first 
condition, "independently releasable services," as defined in section 2.3. Essentially, this means the 
ability to modify a microservice (for our concrete example, by adding a new scientific calculation 
method or removing an outdated one), deploy the changes, and release them to system users without 
needing to deploy any other microservices. It is important to note that this capability is not just about 
being able to make changes, but also about how it enables us to manage deployments in the system. 
Therefore, adopting the release approach as a required concept is crucial. Accepting independent 
deployability as a fundamental aspect of any system built using this architecture, especially for 
software products dedicated to scientific computations, is crucial. 

Database sharing. Prominent authors such as [6 – 10] strongly advise against sharing databases unless 
it is absolutely necessary, and even then, they suggest doing everything possible to avoid it. They all 
agree that sharing databases can seriously hinder efforts to achieve independent deployability. In our 
opinion, the best way to overcome this obstacle and make independent deployability a reality is to 
ensure that backward-incompatible changes to the system microservices are appropriately limited. One 
way to achieve this is by encapsulating data in object-oriented systems, a technique widely used to 
protect internal data and methods from external access [5]. So, the most successful microservice 
implementations apply the Postel’s Law, which states that you should be strict in what you send or do, 
and lenient in what you accept from others. 

To summarize, in order to develop a highly successful software system for scientific computations, we 
need an architecture style that supports efficient deployability, since the continuous renewal of 
mathematical methods is a critical prerequisite for productive scientific research. It's important to note 
that the monolithic architecture style is not capable of providing the required level of deployability. 

2.3 The impact of microservices architecture on the quality and the management of a software 

To gain a comprehensive understanding of microservices, it's crucial to examine their impact on key 
software quality attributes. This involves assessing how microservices influence attributes such as 
scalability, maintainability, reliability, and others. By thoroughly analyzing the effects of microservices 
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on these quality attributes, we can enhance our understanding of how this architecture can be 
effectively implemented and utilized in software development. 

Scalability. Microservices offer several benefits, including improved performance and faster 
processing of calculations, along with enhanced capacity to handle high traffic or demand. Furthermore, 
leveraging container technology in cloud infrastructure allows for seamless scaling and deployment of 
these services, further bolstering their ability to handle increased usage. For the present implementation, 
it is crucial to have the capability to run certain calculations in parallel, which entails running multiple 
instances of different iterative calculation services, as well as the Matrix Analysis service outlined in 
Section 3. 

Availability. From this perspective, we assess the system's overall availability by examining the 
individual services within it. It is easy to see that with a monolithic architecture, even if just one 
service is unavailable to fulfill a request, it can have adverse effects on the entire system's functionality, 
potentially compromising the integrity of the system. However, with a well-designed deployment using 
microservices architecture, one malfunctioning microservice will necessarily affect the other 
microservices' functionality, allowing the system to maintain its overall availability. 

An important aspect of microservices architecture is determining whether smaller components lead to 
lower fault density or if they are more prone to faults. This problem has been studied by several 
authors, and the research on this topic has shown mixed results. Studies such as [13] and [14] have 
indicated that smaller software components often have a high fault density. In contrast, other studies 
such as [15] have found that larger components may be more prone to failure. These conflicting results 
can make it challenging to arrive at a clear and consistent understanding of the relationship between 
component size and fault density in the context of microservices. But our more detailed analysis shows 
that the in the works \cite{ref-journal3} and \cite{ref-journal4}, the authors use the ratio of the number 
of lines containing errors to the total number of lines of code in the studied system as a measure. In 
addition, they have studied only systems with monolith software architecture. Additionally, these 
studies only analyzed systems with monolithic software architecture. The authors in [15] studied 
systems with object-oriented software, which is the predecessor to the microservices architecture. 
Based on this, we can conclude that breaking down systems into smaller microservices as they become 
larger and more complex is necessary to avoid the risk of high fault density in microservices 
architecture. Additionally, writing idiomatic code, which follows established conventions and best 
practices, is crucial in reducing the chances of errors in the code, thereby lowering the ratio used as a 
metric in studies such as [13] and [14].  By adopting the microservices approach, it is possible to 
maintain optimal small sizes for services, which should theoretically improve the system's availability. 

Reliability. In a microservices architecture, it is crucial to focus on ensuring the reliability of the 
message-passing mechanisms between services and the services themselves. Since microservices are 
distributed by nature, it requires special attention to ensure the reliability of these critical points to 
maintain the overall reliability of the system. As stated in[16], the principle of building a system from 
small and simple components can help achieve a higher level of reliability in the overall system. 
Efficiently managing the complexities of large systems is also important in this regard. By following 
these principles, we can increase the system's reliability and ensure that the microservices architecture 
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operates as intended. Our point of view is that the approach of building the system via simple 
components with clean interfaces is one of the best ways to achieve this. As consequence we conclude 
that an careful consideration of messaging reliability and removing unnecessary functionality for 
message delivery is crucial for ensuring reliable message delivery in microservices. In addition we 
think that the better approach is to not adopt a lot of new technology right away when implementing 
microservices. It can be more productive to find existing technology that can solve the problem at hand, 
rather than reinventing the wheel. For example, in our software product, we are using Azure Service 
Bus to handle the integration and messaging reliability issues that come with microservices. 

Maintainability. By nature, the microservice architecture is loosely coupled. That leads to two key 
facts: first, there are few connections between services, and second, the services themselves are 
independent. This significantly contributes to the maintainability of a system by minimizing the costs 
of modifying services, fixing errors, or adding new functionality. Additionally, following the principle 
"you build it, you run it" can lead to increased maintainability quality. However, it is important to note 
that despite all efforts to make a system as maintainable as possible, the quality of the code plays a 
crucial role. Poorly written or unintuitive code can negatively impact maintainability, as stated in [17]. 

Performance. It is well known that the main factor that negatively impacts the performance in the 
microservice architecture is the communication over a network since the network latency (the delay 
before the data transfer begins following an instruction for this transfer) is much greater than that of the 
memory. Taking into account that the in-memory calls are essentially faster to complete than sending 
messages over the network, we conclude that in the viewpoint of communication, the performance via 
sending messages over the network will be much lower compared to the applications which use in-
memory call mechanisms. Generally speaking, in architectures without size-related restrictions, the 
ratio of in-memory calls to the total number of calls is higher than in architectures based on 
microservices, where we observe less communication over the network. This can be explained by the 
restrictions that microservices put on size, although the impact is indirect. In conclusion, we establish 
that the exact amount of performance degradation will also depend on the interconnectedness of the 
system, and hence the systems with well-bounded contexts will have less degradation due to looser 
coupling and fewer messages sent. 

Security. In summary, security is a key concern in distributed systems, including SOA and 
microservices. Since microservices use mainly REST mechanisms and XML with JSON as the main 
data-interchange formats, the primary attention should be focused on preserving the security of the data 
being transferred. Implementing additional encryption functionality not only poses a difficult challenge 
but also leads to an increase in system costs. Microservices promote service reuse, and hence it is 
natural to suppose that some systems will include additional (third-party) services. Therefore, as a 
main task, we must consider and implement additional security mechanisms which can guarantee the 
authentication of the third-party services and that the data being sent is stored securely. In conclusion, 
we can establish that ensuring the security of microservices data interchange through the 
implementation of necessary additional security measures is a complex task and requires a high level 
of precision and accuracy. 

Technology flexibility. One of the benefits of using microservices is that it allows for the use of 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 10 Issue 03, March 2023  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

68 
 

different technologies and programming languages for different services. This means that the solution 
can integrate with other systems that use different technologies and also allows for microservices to be 
implemented using different technologies. 

Testability. When comparing monolithic architecture to microservice architecture, one of the key 
differences is that in a microservices system, components are independent and can be tested separately. 
This improves the testability of each component and allows for more targeted testing based on the 
scope of changes. It also enables the ability to isolate and test specific parts of the system that have 
been altered or affected by changes. By isolating specific parts of the system, we can test them 
independently from the rest of the system. However, it is essential to note that integration testing can 
become challenging, particularly when the system is large and its components have many connections 
between them, which is a common issue with a monolithic architecture. While it is possible to test each 
service individually, there is still a risk of issues arising from the interaction of multiple services. 

2.4 The decision to use microservices architecture over a monolith architecture 

Based on practical experience in building complex applications, it is widely acknowledged that this is a 
challenging task by its very nature. It is important to note that the monolithic architecture is the 
foundation of microservices architecture, where each service is implemented according to a monolithic 
architecture. Therefore, it is essential to understand the monolithic architecture before implementing 
microservices architecture. The microservices-based architectural model is a preferable choice for 
complex, evolving applications due to its ability to adapt to changing requirements and its ease of 
maintenance and scalability. 

However, the primary question that needs to be addressed is: What is the goal of developing the 
proposed software environment? Indeed, answering this fundamental question requires addressing two 
important sub-questions: 

1. Which of the drawbacks associated with both architectural styles are unacceptable for the 
intended software environment? 

2. Which of the advantages offered by each architectural style are the most crucial for the 
effective operation and advancement of the designed software environment? 

It is apparent that the two sub-questions are much more pragmatic and specific in nature, making them 
relatively easy to answer for a particular project. This leads to a more definite answer to the main 
question. 

In our case, after conducting an analysis with the aim of achieving a software system for scientific 
computations with optimal functionality, we arrived at the following answers to those questions: 

1. In order to ensure the software system for scientific computations is flexible and adaptable, it is 
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crucial to be able to easily and effectively update the iteration methods by adding new ones or 
removing old ones. Failure to do so would be unacceptable as it would hinder the system's 
ability to meet its main requirements. 

2. The presence of an error in one of the methods that prevent the results of other methods from 
being obtained is unacceptable for a software system for scientific computations, both in 
scientific and engineering research and in practical calculations. This practical consideration is 
crucial for the proper functioning of the system. 

3. The microservices architecture solves the main problem of our designed software system for 
scientific computation with continuous deployment, as it allows for easy and effective constant 
updating of the iterative methods while maintaining the required flexibility and adaptability. 

4. The proposed software system for scientific computation architecture based on microservices, 
as discussed in Section 3, offers a relatively easy and simple solution for not only solving linear 
systems of equations with iterative methods but also for implementing various numerical 
calculation methods for derivatives, integrals, differential equations, and more. This makes it a 
versatile and useful tool for scientific and engineering research as well as practical calculations. 

 
3. A cloud-based software environment for scientific computations implemented with 
microservices architecture 

3.1 System requirements. Proposed architecture of the web-based software environment for scientific 
computations 

A microservices approach for the proposed architecture of a web-based application for scientific 
computations was concluded to be the most appropriate because mathematical calculations are CPU-
intensive operations. After carefully considering the specific requirements and constraints of the 
solution and weighing the benefits described in Section 2 against the potential drawbacks, we have 
created our web-based software environment using a microservices architecture: 

In Figure 1, we provide a detailed diagram of the proposed architecture and its underlying components. 
Note that each service resides in a container. 
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Fig. 1  The figure represents the proposed architecture. We are proposing the following components: (a) Client. (b) Identity Provider.c) API Gateway. d) Microservices. e) 
Helper Services.. 

The Client in the diagram represents a web browser used by the user to make an initial request and 
interact with the system. The implemented user interface provides the ability to define a linear system 
of equations. The system is able to perform calculations by choosing the most appropriate method for 
the concrete scenario. A significant advantage of the described web-based solution is that the user can 
request a complete analysis of the linear system of equations, and the system will perform this using 
specifically created algorithms, thus being able to propose the most appropriate method to be used by a 
particular linear system of equations. For details concerning the iterative methods used in our product, 
see [18 – 24]. 
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Our web-based software environment for scientific computations is designed with the consideration of 
two of the main concepts in the security of systems – Authentication and Authorization. 

Authentication refers to the process of verifying the identity of a user, system, or device. 
Authentication typically involves a user providing a set of credentials, such as a username and 
password, that are verified against a database of authorized users. Once a user is authenticated, the 
system can be confident that the user is who they claim to be. 

Authorization is the process of determining whether an authenticated user, system, or device has 
access to a particular resource or operation. Authorization typically involves the system checking the 
authenticated user's privileges or roles to determine if they are allowed to perform the requested action.  

Authentication and authorization work together to provide secure access to resources. Authentication is 
the first step to ensure that the system knows who is trying to access a resource, and authorization is 
the second step to determine whether that user has the privilege to access the resource. 

We have implemented an identity provider (IdP) as a service that is responsible for authenticating users 
and providing information about them to other services.  

The system leverages an API Gateway - a service that acts as an intermediary between an application 
and a set of microservices. In our implementation, it is used for the following purposes: 

1. Routing: The API Gateway is responsible for routing incoming requests to the appropriate 
service based on the URL or other attributes of the request. It can also perform load balancing 
and service discovery to ensure that requests are handled by healthy instances of a service; 

2. Caching: The API Gateway is caching the responses from services to improve the performance 
of the overall system; 

3. Rate Limiting: The API Gateway is configured to limit the rate at which clients can make 
requests to a service to protect the service from being overwhelmed; 

4. Protocol Translation: The API Gateway is used to translate between different protocols, for 
example, between HTTP and gRPC. 

By handling these tasks at the edge of the system, the API Gateway improves the development and 
maintenance of the microservices as well as the performance and security of the overall system. 

Our user service is responsible for managing user-related information and handling user-related 
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operations, such as: 

1. User Management: The user service is responsible for managing user-related information, such 
as creating new user accounts, updating existing user accounts, and deleting user accounts; 

2. Profile Management: The user service is responsible for managing user profiles, including 
storing and retrieving user profile information such as name, email address, and contact 
information; 

3. Identity Federation: The user service can be used to federate identities across different systems. 
This allows you to use an external identity provider (such as Azure Active Directory) to 
authenticate users, and then use the user service to obtain access tokens that can be used to 
access protected resources; 

4. Audit and Compliance: The user service can be used to track and log user activity; this allows 
you to comply with compliance regulations and audit user activity. 

The communication and data sharing between different microservices is performed mainly using a 
specific event bus solution. The event bus is a messaging system that acts as an intermediary between 
different microservices, allowing them to publish and subscribe to events in a decoupled way. 

Some of the key responsibilities of an event bus in the proposed microservices architecture include: 

1. Decoupling Services: The event bus decouples services by allowing them to communicate 
through events rather than directly calling each other. This means that services do not need to 
know the implementation details of other services, which makes it easier to evolve and scale 
them independently; 

2. Asynchronous Communication: The event bus allows microservices to communicate 
asynchronously, which means that services can publish events and continue their work without 
waiting for other services to process the events. This improves the overall performance and 
scalability of the system; 

3. Event-Driven Architecture: The event bus allows you to implement an event-driven 
architecture, where services respond to events in a reactive way. This allowed us to build a 
system that automatically responds to changes without requiring human intervention; 

4. Event Sourcing and CQRS: The event bus can be used as a foundation for event sourcing and 
CQRS (Command Query Responsibility Segregation) patterns which are common in 
microservices architectures. CQRS is an architectural pattern that is used to separate the 
responsibilities of a system into two parts: the command side and the query side. The command 
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side of the system is responsible for handling requests that change the state of the system, such 
as creating, updating, or deleting data. These requests are typically represented by commands, 
which are handled by command handlers. The query side of the system is responsible for 
handling requests that retrieve information from the system, such as reading data. These 
requests are typically represented by queries, which are handled by query handlers. The main 
idea behind CQRS is to separate the responsibilities of a system into two distinct components, 
which can be developed, tested, and deployed independently. This allows for a more flexible, 
scalable, and maintainable system. CQRS can be beneficial in microservices architecture, as it 
allows handling the commands and queries in a separate way which different services or even 
different databases c. This allows to scale and handle different loads on the system; 

5. Scalability: The event bus allows us to scale services independently and can handle large 
volumes of events and messages. This particular aspect is quite important when we need to 
perform multiple calculations simultaneously. 

The Matrix Analysis Service is responsible for performing an initial analysis of the linear system of 
equations and communicating with the services responsible for the calculation using different methods. 
Depending on the data this service receives, it either sends the needed information to the respective 
iterative method service or invokes a call in each calculation microservice that a certain operation 
needs to be performed. The Matrix Analysis Service compares and stores the result for each iteration of 
the iterative calculations services. The results from each iteration done by the iterative method services 
are cached, and the final result is stored in the database of the Results Service. 

The Matrix Analysis Service also prepares the result after the initial calculations are done by the 
iterative methods and sends it to the Results Service. This service is responsible for preparing the right 
format of the solution and sending it back to the client. After the initial calculations are presented in the 
user interface, the client is able to choose a concrete iteration method that will provide the optimal 
result. Another request for calculation is sent to the Matrix Analysis Service which checks for stored 
iterations using the requested method. The information is then sent to the respective calculation method 
service, and the calculation continues. The result is sent again to the Results Service, which then 
delivers the data to the client. Matrix Analyzer has HTTP endpoints that can be accessed directly from 
the API Endpoint without using the Event Bus. 

The GaussSeidelClassic, GaussSeidelMod, GenGaussSeidel and GAORSalkuyeh Services are the 
calculation services using the respective iterative methods. They provide information about each 
iteration performed and send it to the Event Bus. Each iterative method service needs to register itself 
in the Method Registration Service. This allows the Matrix Service to be aware of the number of 
iterative algorithms it can use and the number of events it needs to be notified of in order to close the 
transaction. Each matrix is identified by a certain identifier. 

The proposed architecture makes extending the system with a new iterative algorithm relatively easy. 
We need to implement the new method in its respective microservice, and the service needs to inform 
the Method Registration Service about its existence and the calculation it provides. 
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When the Results Service receives information from all calculation method services, it sends the 
request back to the client using web sockets and updates the content of the web page.  

The main flow is described in the diagram below. 

 

Diag. 1  Sequence diagram describing the main flow: (a) Service Gateway (b) Matrix Analysis (c) 
GaussSeidelMod (d) GenGaussSeidel (e) GAORSalkuyeh (f) Results Service. 

 

3.2 Components and their technology implementation 

The proposed architecture is hosted in Azure [25] and implemented using the following technologies: 

1. .NET 6 [26] - .NET 6.0 is the latest version of the .NET framework, which is a free, open-
source, cross-platform development platform created by Microsoft. It allows developers to 
build applications for Windows, Linux, and macOS using a single codebase; 

2. Angular 14 [27] - a JavaScript framework for building web applications, developed and 
maintained by Google; 
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3. Azure Container Registry (ACR) - a managed container registry service that allows you to store 
and manage your container images. We are using ACR to host our container images and keep 
them up-to-date. 

4. Azure Kubernetes Service (AKS) – the managed Kubernetes service that allows us to deploy, 
scale, and manage our containerized; application. We are using AKS to deploy our 
microservices and manage their lifecycle (see [28] also); 

5. Azure Active Directory (Identity Provider) - Azure Active Directory (AAD) is a cloud-based 
identity and access management service provided by Microsoft. It allows organizations to 
manage and secure user identities and access to resources, both within the organization and in 
the cloud. AAD is a multi-tenant service that can be used to authenticate and authorize users for 
various services, including Azure services, Office 365, and other Microsoft and third-party 
services. 

6. PostgreSQL - PostgreSQL is an open-source relational database management system (RDBMS) 
that is widely used for its robustness; scalability, and support for advanced data types and 
features. We are running PostgreSQL on AKS by deploying it as a container. This allows us to 
take advantage of Kubernetes features such as automatic scaling, self-healing, and rolling 
updates; 

7. Azure Service Bus - Azure Service Bus is a fully managed messaging service in Azure that 
allowed us to build highly scalable, reliable, and asynchronous messaging scenarios. It enables 
communication between decoupled systems by providing a messaging infrastructure that allows 
services to send and receive messages in a reliable and durable way; 

8. Azure Service Discovery - the fully managed service that allows us to discover and 
communicate with your microservices using a standard naming convention; 

9. Azure Cache for Redis: This is a fully managed, in-memory cache service that can be used to 
store and retrieve data quickly. It supports multiple programming languages and is compatible 
with the Redis protocol;  

10. Application Insights: Application Insights is a service that allows you to monitor the 
performance and usage of your web applications and services. It provides detailed metrics and 
telemetry data on the availability, performance, and usage of our microservices; 

11. Azure Elasticsearch Service: Azure Elasticsearch Service is a fully managed service that allows 
you to deploy and manage Elasticsearch clusters on Azure;  

12. Azure Log Analytics: Azure Log Analytics is a service that allows you to collect, search, and 
analyze log data from your Azure resources and applications. It can be used to monitor the 
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performance and health of your microservices and troubleshoot issues. 

4. Discussion 

The presented architecture of a cloud-based distributed software environment for scientific 
computations based on a microservices architecture builds on the ideas proposed in [6]. The 
implemented solution allows for the application not only of the classical iterative methods for solving 
linear systems of equations but also the newly developed ones. The proposed architecture allows for 
the easy addition of any iterative methods developed in the future. Another key benefit of the system is 
the performed matrix analysis which recommends the most appropriate solution. We are planning to 
develop the system further in a way that we can automate the addition of new iterative methods. 

5. Conclusions 

 
In the current paper, an initial set of requirements for a microservices application to be used in concrete 
software architecture application for scientific computations is presented. The proposed requirements 
were discussed and illustrated in the context of implementing a concrete application for scientific 
computations realized as the web-based software environment and taking into account the possibility 
of implementing appropriate open source and/or paid microservices applications. Our point of view is 
that despite the aim of the software environment, generally speaking, the study and implementation of 
these kinds of microservices applications can be useful not only to fulfill concrete technical needs but 
also to promote the building of new, more productive, and specialized applications. We hope that our 
proposed conclusions and requirements can be helpful in the starting process of building a software 
architecture based on microservices infrastructure devoted to scientific calculation, especially these 
kinds allowing numerical prognostic in scientific modeling and research as a starting point for 
conducting complicated empirical scientific research. 
 
 
References 
[1]  Brooks, F.P. In The Mythical Man-Month, vol. 1995; Addison-Wesley: Reading, 1975. 
[2] Perry, D.E., Wolf, A.L. Foundations for the study of software architecture. ACM SIGSOFT Eng. Notes 17(4) 1992, 40–52. 
[3] Gamma, E., Helm, R., Johnson, R. and Vlissides, J. Design Patterns: Elements of Reusable Object-Oriented Software; Addison-
Wesley: Boston, 1995.  
[4] MacKenzie, M.C., Laskey, K., McCabe, F., Brown, P.F., Metz, R., Hamilton, B.A. Reference model for service oriented architecture 
1.0.; OASIS Standard: 12 Oct 2006. 
[5] Dragoni N., Giallorenzo S., Lafuente A. L., Mazzara M., Montesi F., Mustafin R., Safina L. Microservices: Yesterday, Today, and 
Tomorrow In Present and Ulterior Software Engineering; Springer International Publishing AG 2017: 195 – 217, ISBN 978-3-319- 
67425-4 (eBook), 22TUhttps://doi.org/10.1007/978-3-319-67425-4U22T. 
[6] Golev, A., Malinova A., Zaharieva D. Software implementation of modifications of iterative algorithms for solving linear systems  
of equations, Int. J. of Pure and Appl. Math., Vol. 76 No. 4 2012, 489-500. 
[7] Lewis J., Fowler M. Microservices a definition of this new architectural term. (2014), Available online: 
https://martinfowler.com/articles/microservices.html (accessed on 14 December 2022) 
[8] Fowler M., Microservices guide, 2019, Available online: https://martinfowler.com/microservices/ (accessed on 1 December 2022) 
[9] Newman, S. Building Microservices: Designing Fine-Grained Systems, 2nd ed.;  O’Reilly Media, Inc.: Sebastopol, USA, 2021  
[10] Wolff, E., Microservices Flexible Software Architecture; Addison-Wesley, Pearson Education, Inc.: New York, Amsterdam, 2017. 
[11] Carneiro Jr. C., Schmelmer T. Microservices from Day One; Apress Media, LLC, Springer Science+Business Media New York: 
2016, ISBN-13 (electronic): 978-1-4842-1937-9, doi 10.1007/978-1-4842-1937-9. 
[12] Wang, A., Tonse, S., Announcing ribbon: tying the Netflix mid-tier services together, January 2013, Available online: 

http://www.ijiset.com/
https://doi.org/10.1007/978-3-319-67425-4


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 10 Issue 03, March 2023  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

77 
 

http://techblog.netflix.com/2013/01/announcing-ribbon-tying-netflix-mid.html (accessed on 19 December 2022) 
[13] Compton, B.T., Withrow, C. Prediction and control of ADA software defects. J. Syst. Software (1990), 12(3), 199--207. 
[14] Hatton, L. Reexamining the fault density-component size connection IEEE Softw. (1997), 14(2), 89--97.  
[15] El Emam, K., Goel, N., Melo, W., Lounis, H., Rai, S.N., et al. The optimal class size for object-oriented software. IEEE Trans. 
Softw. Eng. (2002), 28(5), 49--509. 
[16] Raymond, E.S. The Art of Unix Programming; Addison-Wesley Professional, Indianapolis, 2003. 
[17] Bass, L., Clements P., Kazman R. Software Architecture in Practice, 4 ed.; Addison-Wesley Professional, 2021. 
[18] Zaharieva, D., A. Malinova On some (AOR) iterative algorithms for solving system of linear equations. Plovdiv Univ. "P. 
Hilendarski" Sci. Works - Math. (2011), 38(3), 133--144.  
[19] Zaharieva, D., N. Kyurkchiev, A. Iliev On a method for solving some special classes of nonlinear systems of equations. Int. J. of 
Pure and Appl. Math., Volume 69, No. 1 (2011), 117--124.  
[20] Zaharieva, D., N. Kyurkchiev, A. Iliev A SOR-Nekrassov-Mehmke procedure for numerical solution of linear systems of equations. 
Plovdiv Univ. "P. Hilendarski" Sci. Works - Math. (2010), 37(3), 121--134. 
[21] Zaharieva, D., N. Kyurkchiev, A. Iliev Generalized Nekrassov-Mehmke procedures for solving linear system of equations. Compt. 
rend. Acad. Bulg. Sci. (2011), 64(4), 487--496. 
[22] Abdullahi, R., Muhammad R. Refinement of Preconditioned Overrelaxation Algorithm for Solution of the Linear Algebraic System 
{A}{x}={b}. Science World Journal (2021), 16(3), https://www.ajol.info/index.php/swj/article/view/221730. 
[23] Enyew, T. K., Awgichew, G., Haile, E., Abie G. D. Second-refinement of Gauss-Seidel iterative method for solving linear system of 
equations. Ethiop. J. Sci I\& Technol. (2020), 13(1), 1--15, https://dx.doi.org/10.4314/ejst.v13i1.1. 
[24] Assefa, W.L., Ashenafi, W.T. Second Refinement of Accelerated over Relaxation Method for the Solution of Linear System. Pure 
and Applied Mathematics Journal; (2021), 10(1), 32--37, doi: 10.11648/j.pamj.20211001.13. 
[25] Azure Architecture Center - Guidance for architecting solutions on Azure using established patterns and practices, Available online: 
https://learn.microsoft.com/en-us/azure/architecture/ (accessed on 12 December 2022)  
[26] What's new in .NET 6,  Available online: https://learn.microsoft.com/en-us/dotnet/core/whats-new/dotnet-6 (accessed on 12 
November 2022)  
[27] Patel A. Angular 14: All the Important Features and Updates, Available online: https://www.mindinventory.com/blog/whats-new-in-
angular-14/ (accessed on 21 November 2022) 
[28] Pahl, C. Containerization and the PaaS Cloud. IEEE Cloud Computing, vol. 2, no. 3 (2015), pp. 24-31, doi: 10.1109/MCC.2015.51. 
 
 
 

http://www.ijiset.com/

