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The paper considers the approach regarding the efficiency of multi-project environments management in
the sphere of the software development. Main attention is paid to the detailed analysis and comparison of
modern tools for monorepositories management, in particular, Lerna, Yarn Workspaces, Bazel, Rush, Pants,
Bit and Nx. For the assessment of their functionality, performance, scalability. compatibility with different
technological stacks and study of their impact on general efficiency of the application development,
multicriterial analysis was used. Within the context of enhancing the efficiency of multi-project environment
management in the sphere of the software development, where the resources contain, in particular, time and
efforts of the programmers, technical infrastructure and financial facilities, when several project compete
for these limited resources, there appears urgent need in complex decision-making regarding the priorities
and distribution. That is why, the concept of applying complex multicriterial analysis for the assessment the
tools for monorepositories management was put forward. Such approach enables to evaluate guantitively
and compare different tools on the base of the previously determined criteria, using the utility formula. The
work, dealing with the collection and assessment of the criteria data in the context of the software
development in multi-project environments was carried out. This enabled not only to evaluate guantitively
various instruments of the base of the previously determined criteria and their weights, by study the
advantages and disadvantages of each of them. This study allows to reveal the most efficient variant for the
enhancement of the performance and optimization of projects management processes, providing the
developers of the software with necessary information. However, it is important to take into account the
fact, that the selection of the specific instrument must be stipulated by the specific needs and context of a
separate project. That is why, the results of this study must be considered as a prompt but not as an absolute
single-valued decision.
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Introduction

In the sphere of the software development, especially within the context of multiproject
environments a numerous unique challenges emerge. Multi-project environment — it is a scenario,
where the teams of programmers and developers work over several projects simultaneously, it often
results in intersection of the tasks and resources [1].

One of the key issues is the resources distribution. In the context of the multiproject
management, the resources include time and efforts of the programmers, technical infrastructure and
financial facilities, when several projects compete for these limited resources, there emerges the
need in taking complicated decisions regarding the priorities and distribution, that can lead to the
delay and cost growth [2].

Another important task — coordination of the interproject work. In the multi-project environment,
synchronization of the schedules, matching of interests and efficient communication between the
teams is a decisive factor for achieving the integrity and efficiency of projects realization [3].

The last but not least is the task of the software quality provision. In the situation, when the
attention of the teams is distributed between numerous projects, there exists high risk of worsening
the quality of separate projects as a result of insufficient resources or limited time [1].

Thus, the need of studying and realization of efficient tools and managing methods in multi-
project environment is relevant and requires deep analysis and comprehension from the point of
view of the programmers and developers of the software.
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Analysis of the recent studies and publications

In modern world of programming, particularly in the context of multi-project environments, it is
important to learn more about the recent research and trends to adequately meet the challenges,
facing the software developers. Further key studies in this field, taking into account their advantages
and potential faults, will be considered.

In the study [4] the author underlines the importance of keeping code cleanliness. However, this
work can be perceived as too theoretical and not always suitable for specific challenges, facing the
developers in modern multi-project systems.

Authors of the research [5] stress on the continuous delivery as the key element during software
development. However, their approach can be complicated for the implementation in certain
environments, where the infrastructure and processes are not fully prepared for such type of
automation.

In the paper [6] the author concentrates the attention on the modularity in Web-design. But the
suggested theory may not take into account the complex character of integration and management of
dependences, often appearing in multimodule projects.

The author of the research [7] studies the usage of the networking technologies. But this work
can have limited application in the context of general multi-project environments, where more
complex approach to projects management is required.

The authors of the study [8] highlight complex problems, dealing with multi-project environment
management, but do not take into consideration specific technological challenges, connected with
the software development, such as provision of the compatibility and integration of different
platforms and tools.

These studies set important directions for understanding and improvement of the processes in
multi-project environments, however, it is important to take into account the potential challenges
and limitations, they can set before the developers.

Allocation of the non-solved part of the general task

In the context of modern multiproject programming environments, one of the key issues is the
selection and optimization of monorepositories managing tools. Although there exists numerous
developed solutions, such as Lerna, Yarn Workspaces, Bazel, Rush, Pants, Bit, Nx and others, not
all the aspects of their usage, integration and optimization were analyzed in details and compared in
scientific research [9]. The relevance of the selection and optimization of the monorepositories
managing tools is that the selection of the correct tool for monorepositories management can greatly
influence the performance of the development, efficiency of the team work and ability of the project
to adapt to variable requirements. These tools vary according to the following parameters, namely,
support of various programming languages, integration with available CI/CD (Continuous
Integration and Continuous Delivery/Deployment) pipelines (automated sequence of actions, which
enables to integrate, test and deliver the updated software most efficiently), convenience of the
dependences management and efficiency in scalable projects [10].

Taking this into account, the need in the detailed comparative analysis of these tools becomes
obvious. Such analysis must contain the assessment of their functionality, performance, scalability,
compatibility with various technological stocks, it must study their impact on general efficiency of
the development in multi-project environments. All this will help the developers take substantiated
decisions, regarding the choice of the tool and contribute to general advance in the practice of
monorepositories management in the sphere of software development [11].

Objective of the article is to improve the efficiency of the development and simplification of the
processes of projects management as a result of performing multicriterial analysis, regarding the
selection of the most suitable tool for monorepositories management, proceeding from the specific
needs of scalability, speed of project deployment, integration flexibility as well as technical
requirements concerning code purity, reliability and performance. The objective of the research is
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achieved by means of carrying out the detailed analysis and comparison of modern managing tools
of monorepositories, such as, Lerna, Yarn Workspaces, Bazel, Rush, Pants, Bit and Nx in the
context of determining their advantages, drawbacks and optimal scenarios of usage.

Main part

Efficiency of the programming code management, improvement of the coordination between the
teams and optimization of the process of integration and deployment of the software is achieved as a
result of usage of the tools of microrepositories management. The following tools are widely used
by the professional developers.

System of the collection and design Lerna is intended for the optimization of the work with
projects, containing several packages, simplifies the processes of the dependences management and
packages distribution but the system is known for its complexity for setting the projects and it has
serious limitations in the sphere of usage. For instance, Lerna, manages each package in
monorepository separately. This means, that for large repositories with many packages each package
needs individual analysis, updating of dependences, installation and collection, this process is rather
long. Besides, if similar dependences are used in different packages, Lerna can not cache these
dependences efficiently between the packages, making each package perform separate enquires for
installation dependences [12].

Working environment Yarn Workspaces enables the developers to manage dependences
efficiently in monorepositories. This environment supports common usage of the packages ,
simplifies the installation process and updating but requires additional efforts for the integration
with other tools [13].

System of collection and testing Bazel. This tool from Google is suitable for scalable
monorepositories with high performance and efficiency. Bazel optimizes the process of collection,
using caching and incremental collection. This means that Bazel collects only those parts of the
project, which were changed, but not the whole project again, that greatly reduces the time of
collection. Due to its caching algorithms and parallelization, Bazel is able to process rapidly large
volumes of data, this provides rapid collection and testing. However, not all these tools and
programming languages can be easily integrated with Bazel, this can limit its usage in some
projects. Also Bazel has complicated curve of learning and requires large resources for setting and
support as compared with the analogues [14].

Package for assembly and testing Rush proposes powerful possibilities for dependences
management and monorepositories construction. It optimizes dependences management between
packages, allowing easily install, update and manage dependences for all the packages in the
repository. However, usage of this package can be complicated in the projects where other tools for
dependences management are used. Rush integration into the available projects, especially large and
complex, needs time and may require considerable changes in the structure of the project [15].

System of assembly automation and dependences management Pants is oriented, first of all, at
high speed and efficiency, especially for large code bases. This system supports many languages and
platforms, providing flexibility for various projects. It enables to perform compilation tasks and
testing parallelly reducing time of assembly. It is easily expanded and adapted to specific needs of
the project. But as compared with other tools Pants may have less branched community of users and
limited resources for learning and support. Besides, efficient operation of Pants in large projects
may need considerable computational resources [16].

Managing package and reuse of code components Bit is concentrated on the reuse of the
components and modularity. It enables to scale easily the projects, add new components and adapt
to changes without altering the whole project, provides integration with cloud services and
communities, promoting cooperation and exchange of components. But this package is not ideal for
very large systems due to potential limitations in dependences management. For instance Bit
depends on its own platform for the components management, this may create the dependence on
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the specific service and limit flexibility in the selection of the technological solutions [17].

System of automatic assembling and dependences management Nx from Narwhal Technologies
is a powerful tool for monorepositories management with high performance, especially for Angular-
and React-projects. It uses incremental assembling and caching, that enables to increase the speed of
development and reduce time of assembling. It supports integration with different development
tools and programming languages, providing flexibility in the selection of technologies. However,
for certain specific scenarios of development Nx can not provide sufficient flexibility or
possibilities, needed for projects or processes management (for instance, Nx has strong integration
with JavaScript- and TypeScript-systems and if the project is based on other programming
languages or technological stacks, usage of Nx can be less efficient or even complicated) [18].

Comparative analysis of monorepositories management tools is presented in Table 1.

Using data from the comparative analysis of the instruments for monorepositories management,
presented in [21 — 22], and the updated information with the help of the studies, presented in [12 —
18] we suggested the criterial analysis of different tools, the results of such analysis are presented in
Table 2. This analysis comprises the wide range of parameters, from efficient processing of the
dependences to integration aspects with other tools of the development. Great attention is paid to the
assessment of scalability, flexibility of the configuration and cost parameters of each tool. Such an
approach enables to provide all-round understanding of the advantages and limitations of each
decision, promoting the optimization of the tools selection for the efficient management of
multiproject environments.

For the assessment of the tools for multirepositories management the method of multicriterial
analysis, based on R. Keeney and B. Howard concepts [19] was used. Application of this
methodology allows to assess quantitively and compare different tools on the base of the already
determined criteria, using the utility formula:

n
Ui =2% xR (1)
i=1
where U is the utility of the i tool; x; — represents the assessment by the I criterion; i =1, ..., 7 —

is the number of tools. | =1, ..., 10 — is the number of criteria, P; — is the weight of I criterion.
The utility of each tool will be determined by the formula (1):

U;=0.7%1.0+0.6x0.9+0.8%0.8+0.7x0.7+0.8%0.6+0.7x0.9+0.6%0.5+0.7x0.6+0.6x0.5+0.7x0.4 =
4.51.

U, = 0.8x1.0+0.7x0.9+0.9x0.8+0.8x0.7+0.7x0.6+0.7x0.9+0.7x0.5+0.8%0.6+0.7x0.5+0.8 0.4 = 4.95.
U3 = 0.9x1.0+0.9x0.9+0.6x0.8+0.6x0.7+0.5%0.6+0.9x0.9+0.8x0.5+0.6x0.6+0.8x0.5+0.6x0.4 = 4.83.
U, = 0.8x1.0+0.8x0.9+0.7x0.8+0.7x0.7+0.6x0.6+0.8x0.9+0.7x0.5+0.7x0.6+0.7x0.5+0.7x0.4 = 4.79.
Us = 0.7x1.0+0.9x0.9+0.6x0.8+0.6x0.7+0.7x0.6+0.9x0.9+0.7x0.5+0.6x0.6+0.6x0.5+0.6x0.4 = 4.75.
Us = 0.6x1.0+0.6x0.9+0.7x0.8+0.7x0.7+0.8x0.6+0.6x0.9+0.6x0.5+0.8x0.6+0.7x0.5+0.8x0.4 = 4.61.
U7 = 0.8x1.0+0.8x0.9+0.8x0.8+0.8x0.7+0.7x0.6+0.8x0.9+0.8x0.5+0.9x0.6+0.8x0.5+0.7x0.4 = 5.03.

maxVU, = Uy

Scientific Works of VNTU, 2024, Ne 1 4



INFORMATION TECHNOLOGIES AND COMPUTER ENGINEERING

Comparative analysis of monorepositories managing tools

Table 1

Optimal scenario of

Tool Advantages Disadvantages usage
Efficient management of the de- Complex process of setting and main- Projects with several
pendences between management. tenance. packages.

Lerna Automation of the processes of Potential compliqation at project scal-

packages publication. ing.
Ability to manage the versioning Requires certain level of technical
in complex projects. understanding for efficient usage.
Centralized dependences man- Limited support non -JavaScript pro- Monorepositories with
agement support of the common. gramming languages. the stress on JavaScript.
Yarn Usage of the code between the Complicated integration with certain
Workspaces projects. CI/CD tools.
Optimization of the installation May need additional time for setting in
processes and packages updating. complex projects.
High performance and assembling High curve of learning for new users Large monoreposito-
efficiency. Configuration and support complexity. ries, corporate level.
Bazel Support of various programming May be overloading.for small or aver-
languages and platforms. age projects.
Scaling for large and complex
projects.
Efficient management of the de- Need of deep understanding of the Multiplatform
pendences and projects assem- configuration. monorepositories.
bling. Possible problems with integration in
Rush Integration with wide range of the available working processes.
CI/CD tools. Mau require considerable resources for
Support of project insulation to large projects.
avoid conflicts.
Assembly rate for large code Complexity of primary setting and Projects with complex
bases is optimized. management. structure and large code
Pants Support of various programming Potential challenges for integration base.
languages and frameworks. with other systems.
Flexibility of setting and usage.. | May be complicated for understanding.
Concentrated on reusability and Limitations during the work with very Projects with the need
modularity of the components. large monorepositories. in high reusability of
Support of decomposition and May require additional time for the the components.
Bit common usage of code between integration with the existing projects.
projects. Certain limitations in management with
Intuitive interface and friendly complex dependences
management. .
High performance and efficiency May need some time for learning and | Projects on Angular and
especially for Angular and React adaptation, especially for unexpe- React, medium and
projects. rienced users. large monorepositories.
NX Possibilities for scaling and Potential challenges during integration

projects optimization are built-in.
Support of the modernized work-
ing processes and tools.

with other languages and frameworks.
Requirements, concerning the resource
for the efficient usage in large projects.
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Table 2
Assessments of the tools for monorepositories management
No [ Ic;itlerlia, Lerna Wo:lggllces Bazel Rush Pants Bit Nx |tY1v 2|rgi3tf;tric:)fn
' 1 2 3 4 5 6 7
1 Performance and 0.7 0.8 0.9 0.8 0.7 0.6 0.8 1
efficiency
2 Scalability 0.6 0.7 0.9 0.8 0.9 0.6 0.8 0.9
Simplification of the 0.8 0.9 0.6 0.7 0.6 0.7 0.8 0.8
3 dependences man-
agement
4 Integration with other 0.7 0.8 0.6 0.7 0.6 0.7 0.8 0.7
tools
5 Flexibility of the 0.8 0.7 0.5 0.6 0.7 0.8 0.7 0.6
configuration
6 Security and reliabili- 0.7 0.7 0.9 0.8 0.9 0.6 0.8 0.9
ty
Support of various 0.6 0.7 0.8 0.7 0.7 0.6 0.8 0.5
7 languages and
frameworks
Intuitivity of the 0.7 0.8 0.6 0.7 0.6 0.8 0.9 0.6
8 | interface and conve-
nient usage
Support of the com- 0.6 0.7 0.8 0.7 0.6 0.7 0.8 0.5
9 | munity and documen-
tation
10 Cost and licensing 0.7 0.8 0.6 0.7 0.6 0.8 0.7 0.4

Thus, on the base of the performed calculations of the utility for various tools of
monorepositories management, the conclusion can be made, that the best tool, according to the
determined criteria and weights is Nx (U;). This tool demonstrates the highest general utility with
the value of 5.03, that shows its efficiency in many key aspects, including the performance,
scalability integration with other tools and community support, documentation.

Besides high utility, tool Nx has important advantages, which make it the ideal solution for
monorepositories management. Key advantages of Nx comprise:

1. High performance: Nx is optimized for rapid work with large code bases, providing high
performance even in complex projects.

2. Flexible management of dependences: Nx proposes extended possibilities for efficient
dependences management that enables to control easily complex interconnections between different
parts of the project.

3. Integration with popular frameworks and languages: Nx supports wide range of programming
languages and frameworks, it is very efficient, working with Angular and React.

4. Scalability of the projects: Nx is an ideal choice for scaling the projects, providing flexibility
and efficience, working with large and multifunctional projects.

5. Support of the community and documentation: Nx has active community of the developers and
well supported documentation, promoting easy integration and usage of the tool.

6. Easy implementation and usage: Nx proposes intuitively understandable interface and simple
setting making it accessible for the developers of different levels of qualification.

These and other characteristics make Nx the tool which meets the requirements of modern
developers and teams, looking for efficient and flexible solutions for monorepositories management
[20].

Scientific Works of VNTU, 2024, Ne 1 6



INFORMATION TECHNOLOGIES AND COMPUTER ENGINEERING

Conclusions

Within the context of enhancing the efficiency of multi-projects environments management in
the sphere of the software development, new concept was suggested, the essence of the concept is
application of complex multicriterial analysis for the assessment of the tools for monorepositories
management. The concept enabled to perform the detailed quantitative assessment of various tools,
taking into account the determined criteria and their weights, efficiently underlying the advantages
and limitations of each of them. The suggested approach differs from the available by complex and
system assessment of the microrepositories managing tools. Unlike the conventional approaches,
which can be relied on the subjective assessment or partial analysis, this concept uses detailed
analysis by numerous criteria, providing quantitative and objective base for the tool assessment.
Thus, this approach, enables to obtain balanced assessment, taking into consideration various
factors, decisive for the efficient development of the software in multiproject environments, that
leads to more substantiated decision making, regarding the selection and usage of the corresponding
tools.

The research, carried out, demonstrated that that Nx tool can be considered as the most efficient
variant, providing the developers of the software with necessary information, regarding the
enhancement of the performance and optimization of project management.

It should be noted, that in general case the choice of the tools depends on the specific
requirements and context of each project, that is why, the suggested results should be considered as
the reference point but not as a definitive solution.
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