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SYNTHESIS OF SOFTWARE ARCHITECTURES FOR
CROSS-PLATFORM APPLICATION DEVELOPMENT
Однією з найважливіших частин кожної програми є її архітектура. Але
досить складно визначити, якою має бути хороша архітектура програмного
забезпечення, адже на це питання немає єдиної правильної відповіді. В
цілому вона повинна робити програмні продукти дешевшими у розробці та
обслуговуванні, бути міцною та гнучкою при виявленні помилок,
розширюваною та придатною для довгострокового використання,
адаптивною до вимог та змін, забезпечувати легкий рефакторинг; при
додаванні функцій продуктивність не повинна знижуватися. Хороша
архітектура допомагає підтримувати якість програмного забезпечення
протягом усього терміну його служби. Це допомагає розділити програмне
забезпечення на мікросервіси, що полегшує керування. Однак навіть
найкращі проєкти зазвичай зазнають труднощів при виборі правильної
архітектури на початковому етапі. Завжди важливо думати про
довгострокову перспективу, створюючи програмне забезпечення, щоб
зробити його функціональним одразу і в той же час дозволити підтримку
розвитку та будь-яких змін. Це може заощадити час розробників при
обслуговуванні мінливих вимог клієнтів. Вибір правильного шаблона
архітектури має вирішальне значення, тому що після створення продукту
її вже досить складно і дорого змінити. У цій статті розглянуто
найпоширеніші шаблони архітектури програмного забезпечення.
Проаналізовано принципи їх роботи, особливості, переваги та недоліки,
обставини та умови використання. Ця інформація може допомогти при
виборі архітектурного шаблона платформи. Також запропоновано підхід
агрегування архітектурних шаблонів Microkernel Architecture та Onion
Architecture та детально розглянуто його застосування на прикладі
розробки авторського кросплатформового додатка "Draw & GO".
Ключові слова: архітектура програмного забезпечення, архітектурні
шаблони, розробка кросплатформового додатка.
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Предложен подход синтеза Microkernel Architecture и Onion Architecture на
примере разработки авторского кроссплатформенного приложения "Draw
& GO".
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Popular architecture templates are considered, their main features,
advantages and disadvantages are analyzed. An approach of synthesis of
Microkernel Architecture and Onion Architecture is proposed on the example of
the author's cross–platform application "Draw & GO" development.
Keywords: software architecture, architecture patterns, cross-platform
application development.

Introduction. The development of any application always starts with an
existing problem that needs to be solved. Depending on the scale of the
problem, timing, budget and many other factors, certain steps are taken to
build a solution.
Every application has an architecture. It can be monolithic architecture,
multilayer architecture, microservice architecture, microkernel architecture,
etc. There is no one size fits all solution. A solution is built for each task.
However, by understanding the advantages and disadvantages of each of
them, you can greatly simplify the further development and support of the
product.
The success of any application or system depends on the architectural
pattern used. By describing the general characteristics of an architecture,
these patterns not only help developers create components, but also define
how those components interact.
Too often developers start coding an application without a formal
architecture. Unfortunately, this practice often results in a set of disorganized
source code modules lacking clear roles, responsibilities, and component
interactions. Applications that do not have a formal architecture are usually
tightly coupled, difficult to change, and lack a clear vision or direction. As a
result, it is very difficult to define the architectural characteristics of an
application without fully understanding the inner workings of each
component in the system. The basic questions about deployment and
maintenance are difficult to answer: does the architecture scale, what
performance characteristics does the application have, how easily the
application responds to changes, what are the characteristics of application
deployment, and so on.
Architecture patterns help define the basic characteristics and behavior of
an application. For example, some architecture patterns are better suited for
highly scalable applications, while other architecture patterns are naturally
better suited for applications that are highly flexible. Knowing the
characteristics, strengths, and weaknesses of each architecture pattern is
essential in order to select the one that suits your specific business needs and
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goals.
This paper proposes an approach for aggregating architectural patterns
when developing a cross-platform application.
Statement of the problem. Analyze the most popular architecture
patterns. Identify their key features, advantages and disadvantages. Propose
an approach for aggregating architectural patterns of Microkernel
Architecture and Onion Architecture and consider it in detail on the example
of developing a cross-platform application "Draw & GO".
Main material. Consider the following patterns: n-layer architecture,
microkernel architecture, microservice architecture, onion architecture.
N-layer architecture. The most common architecture pattern is the
layered architecture pattern. The components in a layered architecture pattern
are organized into horizontal tiers, each of which has a specific role in the
application (for example, presentation logic or business logic).
Figure 1 shows the most commonly used layered architecture pattern with
three standard tiers: presentation, business, and database. The presentation
layer is the topmost layer of the application that displays information and is
used to interact with the client. Application layer (business logic) – a logical
layer that is extracted from the presentation layer and, as its own layer,
manages the functionality of the application, performing detailed processing.
The data layer contains the logic for storing and retrieving data.
Presentation layer

Application layer

Data layer

Figure 1 – Layered architecture

One of the powerful features of a layered architecture is the separation of
concerns between components. Components at a given layer only deal with
the logic associated with that layer. For example, components in the
presentation layer deal only with presentation logic, while components in the
business layer deal only with business logic. This separation makes it easy to
replace components at each layer by hiding the implementation behind
interfaces [1].
It's important to understand that as a query moves from layer to layer, it
must go through the layer directly below it in order to move to the next layer
below that. For example, a request originating from the presentation tier must
first go through the business layer before finally reaching the database layer.
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This is to avoid the problem of a very tightly coupled application with many
interdependencies between components. Then this type of architecture
becomes very difficult and expensive to change.
The flaw in this pattern occurs when requests go through multiple layers
of the architecture as simple end-to-end processing with little or no logic
running at each layer. For example, suppose the presentation tier responds to
a user request for customer data. The presentation layer passes the request to
the business layer, which simply passes the query to the data layer, which
then makes a simple SQL call to the database to retrieve customer data. The
data is then pushed back onto the stack without additional processing [2].
In summary, the layered architecture pattern is a solid general-purpose
pattern, making it a good starting point for most applications, especially when
you're not sure which architecture pattern is best for your task.
Microservices architecture pattern. Each microservice has the following
features: small, independent, built for a specific business need, and uses a
bounded context (Figure 2).
The key concept in the microservices architecture pattern is that it is a
distributed architecture, which means that all components in the architecture
are completely separate from each other and accessible through some kind of
remote access protocol (e.g. REST, SOAP, etc.) [3].

Client

API GATEWAY

Microservice1

Microservice
2

Microservice
3

Microservice1
DB

Microservice2
DB

Microservice3
DB

Figure 2 – Basic microservices architecture pattern

One of the major challenges of the microservices architecture pattern is
determining the correct level of detail for the service components. If the
components of a service are too large-scaled, then the benefits of this
6
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architecture pattern (deployment, scalability, testability, and loose coupling)
are lost. However, service components that are too granular will lead to
service orchestration requirements.
Communication between services can sometimes be handled through a
common database to avoid unwanted communications between components.
For example, if a service component that processes orders over the Internet
needs customer information, it can access the database to obtain the required
data, rather than invoking functionality in the customer service component
[4].
If a service component requires functionality that is contained in another
service component or that is common to all service components, it is
sometimes possible to copy the shared functionality between service
components (thereby violating the DRY principle). It is a fairly common
practice in most business applications that implement the microservices
architecture pattern to sacrifice the redundancy of repeating small pieces of
business logic in order to maintain the independence of the service
components and separate their deployment. Small utility classes can fall into
this category of repetitive code.
If you find that service component orchestration cannot be avoided,
regardless of the level of granularity of the service components, then this is a
clear indication that this might not be the correct architecture pattern for a
particular application.
The microservices architecture pattern addresses many of the common
problems encountered in monolithic applications. Because the core
application components are split into smaller, separately deployable chunks,
applications built using the microservices architecture pattern are generally
more robust, provide better scalability, and can more easily support
Continuous Delivery. Another advantage of this pattern is that it provides the
ability to perform production deployments in real time by swapping multiple
instances of a service component during real-time deployment, ensuring
continuous availability during deployment cycles (which is very difficult to
do with a layered architecture pattern) [5].
Microkernel architecture. The microkernel architecture pattern allows
you to add additional application functionality as plugins to the main
application, providing extensibility and separation and isolation of functions
(Figure 3).
The microkernel architecture pattern consists of two types of architecture
components: the base system and plugins. Application logic is split between
independent plugins and the underlying system, providing extensibility,
flexibility, and isolation of application functionality and custom processing
logic.
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Plugin
component

Core
system
Plugin
component

Plugin
component

Figure 3 – Microkernel architecture

The base system of the microkernel architecture pattern contains only the
minimum functionality required to keep the system running. Plugins are
stand-alone, independent components that contain specialized processing,
additional functionality, and custom code designed to enhance or extend the
base system to create additional business capabilities.
The main system needs to know what plugins are available and how to get
to them. One of the common ways to do this is to create a list of plugins [6].
For product-based applications, the microkernel architecture pattern is a
good choice as an initial architecture, especially for products where additional
features are expected to be released over time and need to control which users
get which features. If, over time, you find that this pattern does not meet all
your requirements, you can always refactor your application to a different
architecture pattern that is more appropriate for your specific requirements.
Onion architecture. Modern apps have both websites and mobile/desktop
apps to sync user data across different platforms. Most of the models and
business logic are duplicated, which prolongs and complicates the
development, since the functionality needs to be synchronized. In this case,
the business logic may differ for the website and the mobile application (the
website saves data to the database, the mobile application sends a request to
the site). Onion architecture solves this problem by extracting common code
– models and interfaces that can be used in both web and mobile applications.
It is called "Domain" and "Application", respectively [7].
Platform-specific code is implemented in Infrastructure and UI. These are
the 4 basic levels of onion architecture.
Onion architecture is about dividing an application into layers. Moreover,
there is one independent level that is at the center of the architecture. The
second level depends on this level, the third depends on the second, and so
on. That is, it turns out that around the first independent level, the second
dependent is layered. Around the second, the third is layered, which can also
8
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depend on the first. Figuratively, this can be expressed in the form of an
onion, which also has a core, around which all other layers are layered, up to
the peel.
The number of levels can be different, but the center is always the domain
model, that is, those model classes that are used in the application and whose
objects are stored in the database.
Domain Models

Domain Services
Application
Services

Infrastructure
• User interface
• Database
• Tests
• Infrastructure
services

Figure 4 – Onion architecture

The disadvantage of a layered architecture is unnecessary chaining. Onion
Architecture solved this problem by defining layers from core to
infrastructure. It applies the basic rule by moving all joints towards the center.
This architecture is undoubtedly focused on object-oriented programming
and puts objects above all others.
Any concrete implementation will be provided to the application at
runtime.
Onion architecture provides better testability because a unit test can be
created for individual layers without being influenced by other modules in
the application [8].
When creating such an application architecture, you need to understand
that the actual number of levels here is quite arbitrary. Depending on the scale
of the tasks, the levels can be more or less. However, it is important to
understand the principle itself, according to which in the center we have a
model of the subject area, and everything else depends on them. Each outer
level can depend on the inner one, but not vice versa.
In the above diagram, between the external and domain services layer,
there is another layer of APIs or application business logic interfaces – the
Application Services layer. This layer can include interfaces to helper classes.
For example, a purchase of a media item can be an object that, depending on
9

ISSN 2312–119X. АКТУАЛЬНІ ПРОБЛЕМИ АВТОМАТИЗАЦІЇ ТА ІНФОРМАЦІЙНИХ ТЕХНОЛОГІЙ. Том 25. 2021

the payment method (credit card, PayPal, etc.), can include some
functionality.
Thus, you can create a full-fledged cross-platform application, while
maintaining the general implementation of models and interfaces, and
transfer the UI and Infrastructure (Data and services) layer, making them
specific for each application.
After analyzing architectural solutions, their features, advantages and
disadvantages, it was decided to combine two architectures – Microkernel
Architecture and Onion Architecture for the development of the author's
cross-platform application "Draw & GO". It turned out Onion Microkernel
Architecture. Microkernel architecture allows you to dynamically connect
custom extensions, expanding the list of available macros that you can run.
Since the application is cross–platform, thanks to Onion architecture, it
was possible to remove duplicate code of models and interfaces,
implementing them for each platform.
As you can see in the class diagrams (Fig. 5–6), the Domain and Services
layers contain the same projects and contain common code.
The Domain level contains code for entities, enumerations, and general
logic for plugins.
The Application (Services) layer contains the interfaces that will be
implemented for each application. It also contains a common library for IoC
connectivity and gesture analysis.

Figure 5 – Draw & GO WebApp Class Diagram
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Figure 6 – Draw & GO Client Class Diagram
In turn, the Infrastructure layer has similar designs, but the content differs
in business logic and database implementation for the Web application and
the Client application. The Client also contains the logic for communicating
with the service by sending http requests. This implementation is not needed
in a Web application.
Finally, the UI layer, which is completely different for WebApp and
Client, as applications run on different platforms and have different controls
and responsibilities in general.
The Microkernel architecture is implemented using MEF 2.0, which
allows you to parse the library and easily load the required classes.
var configuration = new ContainerConfiguration();
var asm = Assembly.Load(“Extension1.dll”);
configuration.WithAssembly(asm);
var compositionContainer = configuration.CreateContainer();
var allMacroCommands = compositionContainer.GetExports<MacroCommand>();

Figure 7 – An example of working with MEF 2.0. Loading all MacroCommands
from Extension1.dll

Conclusions. This article explores the most common software
architecture patterns. The principles of their work, features, advantages and
disadvantages, circumstances and conditions of use are analyzed. This
information can help you when choosing an architectural pattern for a crossplatform application. However, you should also consider all aspects of the
task, environment, including infrastructure support, developer skill set,
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project budget, project lead time, and application size (to name just a few).
Choosing the right architecture pattern is critical because once the
architecture is in place, it is very difficult and expensive to change.
This paper proposes an approach for aggregating the architectural patterns
of Microkernel Architecture and Onion Architecture and considers its
application in detail on the example of the development of the author's cross–
platform application "Draw & GO".
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