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The article is devoted to modern engineering approaches to building scalable and fault-tolerant high-load systems.
It defines key architectural principles that ensure predictable system behavior under increasing load, distributed data

Methods of reliability engineering, observability, and architectural models used by the world’s leading technology companies
Special attention is paid to the role of horizontal scaling, distributed architecture, and SRE culture in ensuring the resilience
The article is intended for engineers, architects, and technical leaders seeking to apply structured methodologies when
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INTRODUCTION

The growth of digital services and global internet activity has
led to an unprecedented increase in load on IT infrastructures.
According to the Cisco Annual Internet Report (2024), total
internet traffic grows by an average of 26% annually, while
the volume of data processed by real-time services has
increased more than threefold during the period from 2020
to 2024.

For modern digital products, it is critically important to ensure
predictable and stable operation regardless of load levels.
Large technology companies such as Google, Netflix, and
Alibaba Cloud use engineering models that enable them to
handle millions of concurrent requests while minimizing
system failures.

As noted in Google SRE research (2023), the adoption of
structured engineering methodologies reduces the number
of severe incidents by an average of 42% and shortens mean
time to recovery (MTTR) by 65%.

Under these conditions, the key shift is moving from

“intuitive”  development to
engineering practices.

MATERIALS AND METHODS

scientifically grounded

The article is based on an analysis of:

- reports and guidelines from Google SRE, AWS Builders
Library, and Microsoft Research;

- scalability engineering principles (CAP theorem, PACELC
model, event-driven architecture);

-DevOps, Site Reliability Engineering,and Chaos Engineering
practices;

- open data on the architectures of high-load platforms such
as Netflix, Alibaba Cloud, and Cloudflare;

- research in the field of observability and fault tolerance
(Datadog, 2024).

The methodologyincludes expertcomparison ofarchitectural
approaches, analysis of reliability metrics, and modeling of
failure types characteristic of distributed systems.

Citation: Sosin Vitalii, “Engineering Principles for Building Scalable and Fault-Tolerant High-Load Systems: A Modern
Approach”, Universal Library of Engineering Technology, 2025; 2(2): 46-48. DOI: https://doi.org/10.70315/uloap.

ulete.2025.0202008.

www.ulopenaccess.com

Page | 46



Engineering Principles for Building Scalable and Fault-Tolerant High-Load Systems: A Modern

Approach

RESULTS AND DISCUSSION

Scalability as the Core Criterion of Modern
Architecture

Horizontal Scaling as the Primary Mechanism of
Resilience

Horizontal scaling enables an increase in computing capacity
without system downtime.

It includes:

- stateless service architecture;

- automatic scaling mechanisms (HPA, autoscalers);
- intelligent load balancers.

According to the Google Cloud Report (2024), companies
that adopted horizontal scaling improved system availability
by 35-50%.

Microservices Architecture: An Advantage Only with
Discipline

Microservices are effective only when strict technical
discipline is maintained, including:

- standardized API contracts;
- local resilience mechanisms (retry, circuit breakers);
- unified logging and monitoring systems.

Otherwise, microservices can become a source of inter-service
latency and cascading failures.
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Reliability Engineering as
Framework

Reliability Metrics (SLA / SLO / SLI)

a Methodological

In organizations that adopt SRE practices, reliability becomes
measurable.

The SLO-driven approach enables teams to:
- forecast system degradation;
- define an “error budget”;

- control and manage technical debt.

Google (2023) reports a 33% reduction in the number of
incidents when SLO models are applied.

Failure Management

Incidents are treated as an integral part of the engineering
model rather than as anomalies.

The following practices are commonly used:

- Chaos Engineering (failure injection to validate system
resilience);

- Fault Injection Testing;

- shadow traffic testing, where changes are validated against
real production traffic.

Netflix reported a 63% reduction in MTTR after implementing
Chaos Engineering practices.
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Data Architecture as a Key Factor of Resilience
High-load services commonly face challenges such as:

- hot key overload;

- replication latency;

- eventual consistency issues.

The most effective architectural solutions include:

- CQRS (Command Query Responsibility Segregation);
- Event Sourcing;

- distributed caching (e.g., Redis Cluster).

Alibaba Cloud reported a 70% improvement in transaction
processing performance after transitioning to an event-
driven architecture.

Observability
Operation

as a Mandatory Condition for

Observability is the system’s ability to explain its internal
state.

Key components include:

- distributed tracing (OpenTelemetry);
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- structured logging;

- metrics and alerting.

According to the Datadog report (2024), systems with full

observability recover three times faster after incidents.

CONCLUSION

The resilience of high-load systems is determined by the

engineering rigor of architectural decisions.

The most reliable systems are built on a combination of:

- horizontal scaling;

- disciplined microservices architecture;
- reliability engineering practices;

- automated failure testing;

- advanced observability.

Modern approaches require not just a set of technologies, but
a holistic engineering methodology that ensures predictable
system behavior under peak loads and distributed computing

conditions.
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