Advances in Science and Sustainability, 2026, 9—12

Science
and

doi: 10.70728/susta.v02.i05.002
Volume 02, Issue 05

ISSN: 3060-5407

Paper

%

wnes IS stainability

PAPER

COMPARATIVE ANALYSIS OF MICROSERVICES AND
MONOLITHIC ARCHITECTURES: EVALUATING
PERFORMANCE, ECONOMIC SUSTAINABILITY, AND
HUMAN FACTORS IN THE 2025-2026 ECOSYSTEM

Cho’ponov Otajon 1

!Master of Urgench State University named after Abu Rayhan Biruni, Urgench, Uzbekistan

* atajanchupanovi7@gmail.com

Abstract

This research provides a comprehensive longitudinal evaluation of the architectural trade-offs between
monolithic and microservices paradigms within the contemporary software development landscape. As orga-
nizations navigate the ”Great Microservices Reversal” of 2025—2026, this study utilizes a dual-methodology
approach—integrating a validated prototype migration (”’ShoppingCart”) with a systematic literature review
(SLR) of 24 major industry studies—to quantify impacts on technical performance, economic efficiency, and
developer experience (DevEx). The findings indicate that while microservices offer a 36% improvement in
response times under high-stress conditions, they impose a ”latency tax” of 10—50ms per internal network
hop and a 132% increase in monthly Total Cost of Ownership (TCO). Furthermore, a randomized controlled
trial (RCT) reveals an Al productivity paradox: Generative Al tools increased task completion time by 19%
in complex distributed environments. This report concludes with a strategic decision framework that rec-
ommends a "Monolith-First” approach for organizations with fewer than 50 engineers to ensure long-term
operational sustainability.

Key words: Microservices, Monolithic Architecture, Modular Monolith, Total Cost of Ownership (TCO), Developer
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INTRODUCTION shifting from centralized monolithic designs to
highly distributed microservices models. This
evolution was primarily driven by the need

The paradigm of software architecture has
for massive horizontal scalability, independent

undergone a radical transformation since 2012,
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deployability, and organizational agility amid
increasingly complex digital requirements. By the
beginning of 2025, it was estimated that 85% of
enterprises had adopted microservices in some
capacity to manage their core application logic [1].

However, the transition to distributed systems
has introduced a new class of complexities that
challenge traditional development and operational
practices. As organizations move into 2026,
the architectural discourse has shifted from a
dogmatic "microservices-first”approach to a more
nuanced evaluation of sustainability, operational
maturity, and economic efficiency [3]. The reliance
on network-based communication transforms
previously simple in-process function calls into
remote procedure calls (RPCs), introducing a
latency tax that accumulates across service hops
and impacts the overall user experience.

Human factors have also emerged as a critical
constraint. The mental effort required for a
developer to understand and debug a distributed
system is significantly higher than that for a
centralized one, a phenomenon explained by
Cognitive Load Theory. As systems expand,
their inherent complexity often outpaces human
processing capacity, leading to slower development
cycles and higher defect rates [11]. This study
aims to provide an exhaustive comparison of these
paradigms, utilizing empirical data from 2024 and
2025 to evaluate their impact on organizational
performance.

Research Questions and Hypotheses

The primary objective is to determine the conditions
under which the ”Microservices Premium” —the
inherent cost of distribution—is justified. The study
is guided by the following:

RQ1: What is the quantitative impact of migrating
a monolith to microservices on system performance
(latency and CPU utilization) under varying load
conditions?

RQ2: How does the total cost of ownership
(TCO) compare between modular monoliths and
microservices for mid-sized organizations?

RQ3: Does the integration of Generative Al tools
provide a measurable speedup in microservices
environments, or does architectural complexity
negate these gains?
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METHODS

To provide a rigorous comparison, the research
methodology employed a multifaceted approach
comprising prototype development, a systematic
literature review, and synthetic observational
studies [2].

Prototype
Validation

The core of the empirical investigation involved
the development of a validated prototype,
a web-based e-commerce platform titled
”ShoppingCart”[2]. This prototype served as a
baseline for measuring technical performance
before systematic decomposition into microservices.
The migration followed these stages:

Development and Migration

1. Granularity Analysis: Data models were
reviewed to identify independent business domains,
resulting in five core services: Product, User, Cart,
Order, and Payment

2. Architecture Porting: The system transitioned
from a unified codebase using Spring MVC and
H2 to a distributed model using Spring Boot and
MariaDB to support a ”database per service”’model
Infrastructure Orchestration: RESTful interfaces
were established, and an API Gateway was
implemented as the single entry point. A discovery
service and aload balancer were integrated to enable
horizontal scaling.

Systematic Literature Review (SLR)

An SLR was conducted to synthesize findings
from 24 peer-reviewed studies and industry reports
published between 2018 and 2024. The review
followed the PICOC (Population, Intervention,
Comparison, Outcome, and Context) criteria to
formulate questions centered on scalability and
development agility [3].

Synthetic Observational Study

An 8-week synthetic observation design was
implemented to mirror the operating conditions of a
mid-sized fintech organization. This study focused
on eight independently deployable services and
evaluated DORA (DevOps Research and Assessment)
metrics, including deployment frequency and lead
time for changes. Performance was measured under
Vstress”’scenarios where CPU usage exceeded 90% to
identify the failure thresholds of distributed systems
(8], [14].



RESULT'S

The evaluation reveals distinct quantitative trade-
offs across performance, economic, and human
dimensions.

Technical Performance and Resource Efficiency

The technical evaluation highlights a
fundamental tradeoff between baseline efficiency
and high-load scalability.

Communication Latency and the ”Sequential
Tax”

In a monolithic system, components
communicate via memory, resulting in latency
typically measured in nanoseconds. Conversely,
microservices communicate over HTTP or gRPC,
involving serialization, network transit, and
deserialization [12].

Internal Latency: A single service-to-service call
adds 10—50ms, representing a 1,000,000x increase
over in-memory calls.

Compound Latency: A request spanning five
sequential microservices adds 150-250ms of
network overhead before business logic execution

High-Load Efficiency

Empirical results from the ticketing system
prototype show that under high-load conditions,
microservices achieve 36% faster response times
and 71% fewer errors than a monolithic equivalent.
This is attributed to the ability to scale high-demand
pods independently, reducing CPU utilization in
the microservices architecture to 8.65%—16.84%
compared to 19.93%—26.21% in the monolith [6],
[14].

Economic Assessment and Total Cost of
Ownership

A comprehensive analysis reveals
microservices  introduce  substantial
investments and ongoing expenses.

Implementation and Migration Costs

Transitioning a mid-sized organization (3-5
teams) to microservices requires significant upfront
capital [16].

Ongoing Monthly TCO Comparison

A comparison of monthly expenses for a modular
monolith versus a 10—15-service microservices
ecosystem shows a 132% cost disparity [12].

Human Factors and Developer Experience
(DevEx)

The human capacity to manage complexity is the
primary bottleneck in modern delivery cycles.

that
initial
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\Cost Category [Description [Typical Investment
|Range

Team Restructuring [Reorganizing around $50,000 - $200,000

service boundaries

Orchestration, CI/CD,
and registries

INew Infrastructure 1$30,000 - $150,000

Migration Engineering  [Functionality $100,000 - $500,000+

decomposition

Specialized Training DevOps and SRE $20,000 - $80,000

Table-1

[Expense Item Modular L\-Iicrosen’ices Difference
Monolith (Monthly,
(Monthly’
App Servers $500 - $1,000 $2.,000 - $4,000 (+300\%
[Database $300 - $600 $800 - $1,500 1509
IMonitoring/Obser |$100 - $300 $500 - $1,200 (+400\%
rability
[DevOps Support  |1-2 FTEs -4 FTEs 1002
Total Monthly  |~$11,700 527,183 113219
TCO

Table-2

Cognitive Load and Onboarding

Research indicates that developers spend
30% of their time navigating large codebases.
In microservices, ”information discovery”is the
primary source of friction [4].

Onboarding Velocity: A senior developer can
onboard to a Rails monolith and ship features in
3 days; the same developer requires 3 months to
understand a complex microservices architecture
(13).

Debugging Overhead: Teams spend 35% more
time resolving issues in microservices due to the
distributed nature of request flows [13].
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The AI Productivity Paradox

While 99% of developers report saving time with
Al, a 2025 RCT found that Al tools actually increased
task completion time by 19% for experienced
developers working with complex distributed
repositories. This is attributed to the ”Mechanism
Tax” —developers spend more time integrating
Al-generated boilerplate than solving business logic

(5).

DISCUSSION

The results suggest that the industry has entered
a phase of architectural pragmatism. The "Great
Microservices Reversal”is evidenced by high-
profile cases like Amazon Prime Video, which
achieved a 90% reduction in infrastructure costs by
migrating from a distributed architecture back to a
monolith to eliminate expensive network calls [7].

The ”Microservices Premium”

The findings confirm the existence of a
"Microservice Premium”—a productivity and
cost tax that only pays off in systems of extreme
complexity. Organizations with fewer than 50
engineers rarely see a net benefit, as coordination
overhead and infrastructure costs exceed the gains
in team independence [15].

The Resurgence of the Modular Monolith

The modular monolith (or ”modulith”) has
emerged as a strategic middle ground. It preserves
the operational simplicity of a single deployment
while enforcing strict domain boundaries through
code-level isolation. Companies like Shopify
and GitHub serve millions of users daily using
this approach, proving that distribution is not a
prerequisite for massive scale [15].

Reliability and ”The Distributed Monolith”

The study identifies ”The Distributed
Monolith”as a critical failure pattern in which
services are logically separate but synchronously
coupled. These architectures suffer from the
complexity of microservices (latency, observability
gaps) without the benefit of independent
deployability [10].
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Microservices are a targeted optimization for
specific high-scale scenarios, not a default
“modern”standard. To ensure economic

02, No. 05

and operational sustainability, this research
recommends:

. Adopt a ”Monolith First”Strategy: Start

with a well-structured modular monolith
to validate domain boundaries. Decompose into
microservices only when a specific component
exhibits unique scaling requirements or
bottlenecks affect delivery [17].

. Apply Decision Thresholds: Microservices

should be considered only when an organization
exceeds 50 developers or $10 million in annual
revenue.

. Invest in Internal Developer Platforms (IDPs):

For large-scale distributed systems, IDPs are
essential for providing ”Golden Paths”and
reducing extraneous cognitive load on
developers.

. Prioritize Observability over Monitoring: In

distributed environments, tracking response
times is insufficient. Organizations must
implement distributed tracing to gain a true
understanding of system health.
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