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ABSTRACT

Cloud computing and big data technologies have evolved rapidly, with significant effects on enterprise data
management and analytical data processing. The contemporary cloud data warechouses offer scalable, high-
performance solutions that enable organizations to handle vast amounts of structured and semi-structured data and
support advanced analytics and business intelligence applications. The most popular services in this area will be
Snowflake, Google BigQuery, and Amazon Redshift, each with its own architecture, scaling profile, and optimization
strategies. Infrastructure and data strategy decisions have become increasingly important as more analytical workloads
move to the cloud, and to make informed choices, it is imperative to assess the performance capabilities of these
platforms.

In this paper, we provide a comparative performance benchmark analysis of three popular cloud data warehouse
systems: Snowflake, Google BigQuery, and Amazon Redshift. The study analyses the most important performance
metrics, including time to query execution, scalability, resource consumption, and cost-performance, under normal
analytical workloads. The study assesses the effects of architectural characteristics of serverless computing, distributed
query processing, and storage-compute separation on system performance, using standardized benchmarking
scenarios to simulate enterprise analytics.

The results emphasize the advantages and disadvantages of each platform under different workload conditions and
show the impact of architectural differences on analytical performance and scalability. The findings provide
information to help the organization choose the right cloud data warehouse solutions to support its data-intensive
workloads. Finally, the research has contributed to the growing literature on cloud-based data analytics infrastructure
and has provided useful guidance to enterprise data architects, analytics engineers, and cloud infrastructure decision-
makers.
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1. INTRODUCTION

The growing volume of enterprise data and the increasing need for sophisticated analytics have significantly reshaped
contemporary information management systems. Large-scale analytical systems are now a critical component in
organizations across various industries, enabling the manipulation of structured and semi-structured data to support
strategic decision-making and operational intelligence. Traditional on-premises data warehouses, despite being useful
in prior data management settings, frequently fail to scale, flex, and perform well under the demands of modern big
data workloads (Seenivasan, 2021). This has led to the development of cloud-based data warehousing platforms as a
key solution for scalable, cost-effective enterprise analytics.

Cloud data warehouses are based on distributed computing and cloud architecture to facilitate high-performance
analytical operations while minimizing the complexity of supporting the physical infrastructure. Such systems allow
an organization to store and process large amounts of data using elastic computing resources, enabling real-time
analytics and data-driven decision-making. Other innovations of cloud-native architecture include serverless
computing, distributed query processing, and separation of storage and compute, all of which make the system more
scalable and efficient (Fox et al., 2019). Therefore, companies are moving their analytical loads away from traditional
on-premises data warehouses to cloud-based systems.
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Some of the most notable cloud-based data warehouse systems include Snowflake, Google BigQuery, and Amazon
Redshift. All these systems have different architectural designs and functionalities, which determine performance,
scalability, and resource use. The architecture employed by Snowflake is a multi-cluster, shared-data architecture,
which separates the layers of computing and storage and allows scaling the computing resources used to work with
analytic loads independently (Anoshin et al., 2019; Przystalski, 2021). Instead, Google BigQuery is a serverless
distributed computing system that allows users to run large-scale queries without any underlying infrastructure.
Amazon Redshift is a massively parallel processing (MPP) architecture that distributes data and query processing
across multiple compute nodes to support high-quality analytics (Pandis, 2021).

With the popularity of such platforms, organizations have found it difficult to choose the most suitable solution to
their analytical loads. Differences in system architecture, query processor model, and scalability mechanisms can have
a significant impact on performance and cost-effectiveness. Consequently, systematic performance benchmarking has
emerged as a significant procedure for measuring the capabilities of the new cloud data warehouse platforms.
Benchmarking helps researchers and practitioners evaluate the performance of a system in controlled experimental
conditions by measuring query execution time, throughput, scalability, and resource utilization (Cattermole and
Forshaw, 2018; Andor, 2021).

This paper will compare the performance of three of the most popular cloud data warehouse systems: Snowflake,
Google BigQuery, and Amazon Redshift. The study compares the effects of architectural variations on the analytical
performance and scalability of these systems when running standard enterprise workloads. The study aims to offer
insights that organizations can use to determine the right cloud data warehouse solution for their data-intensive
analytics by analyzing key performance metrics across various benchmarking scenarios.

2. BACKGROUND AND RELATED WORK
The rapid rise of data-driven decision-making has significantly shaped the development of enterprise data warchousing
technologies. Traditional data warchouses were primarily designed to store and process structured data and support
batch analytical processing in on-premises environments. Although these systems delivered valid answers for
enterprise reporting and business intelligence, they were usually limited in scalability and performance when handling
large amounts of information generated by contemporary digital systems (Duong Hai Ly, 2019). With the advent of
organizations utilizing cloud computing technologies, data warehousing designs also changed to leverage distributed
computing infrastructures to support massive analytics workloads.
There are a number of benefits of cloud-based data warehouses compared to traditional systems, among them elastic
scalability, high availability, and lower operational complexity. With the help of cloud infrastructure, organizations
can dynamically scale out computing resources as workload demands increase, ensuring greater efficiency and lower
costs. Other features added to modern cloud data warehouses, such as automatic scaling, distributed query execution,
and separation of storage and compute, enable efficient processing of vast datasets (Fox et al., 2019; Seenivasan,
2021). Such innovations have led to increased use of cloud data warehousing solutions across industries.
The snowflake has become one of the most noticeable cloud data warehouse systems, thanks to its distinct multi-
cluster, shared-data model. In contrast to traditional systems, where storage and compute resources are tightly coupled,
Snowflake decouples them and allows multiple compute clusters to share data simultaneously. This design enables
organizations to independently scale computing resources based on analytical workload requirements, with data
availability remaining consistent (Anoshin et al., 2019). Moreover, Snowflake also has semi-structured data processing
and advanced analytics capabilities, which is why it is compatible with the current enterprise data environment
(Przystalski, 2021).
Another development in cloud-based data analytics is Google BigQuery. BigQuery is a serverless data warehouse
based on Google's distributed infrastructure and automatically manages resource allocation and scaling. It allows users
to run large-scale analytical queries without hardware or cluster configuration, making system administration easier
and enabling quick data analysis. Serverless query engines like BigQuery are especially useful for organizations that
need to compute complex analytical queries on large volumes of data with minimal operational and maintenance costs
(Fox et al., 2019).
Amazon Redshift is a popular cloud data warehouse that uses a massively parallel system to distribute query workloads
across multiple compute nodes. Redshift architecture enables efficient processing of large analytical queries by
breaking data into smaller chunks and performing operations simultaneously across multiple processors. Redshift has,
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over the years, also developed to support advanced optimization algorithms, such as workload control and automatic
query optimization, to enhance system performance when used for complex analytical tasks (Pandis, 2021; Chaudhari,
2020).

In addition to the development of cloud data warehouse technologies, scholars also discussed several methods for
system performance benchmarking. Performance benchmarking is an organized technique for analyzing computing
systems by measuring key metrics such as throughput, response time, and resource consumption in controlled
experimental environments. It has been suggested that automated benchmarking systems provide an objective means
of comparing distributed computing systems and cloud platforms (Cattermole & Forshaw, 2018). Moreover,
benchmarking approaches are frequently employed in information systems research to test the efficiency, reliability,
and scalability of systems across various technological settings (Saleem et al., 2021).

Although the literature on cloud data warehousing has been growing, few comparative studies have examined the
performance of various cloud data warehouse environments operating under similar workloads. As companies migrate
their data warehousing systems and analytical functions to cloud platforms, it has become increasingly crucial to
understand the comparative strengths and limitations of various cloud data warehouse solutions. The paper can add to
the current literature by providing a systematic benchmarking evaluation of Snowflake, Google BigQuery and Amazon
Redshift to determine their performance under common enterprise analytics loads.

3. BENCHMARKING METHODOLOGY

To estimate the performance of current cloud data warechouse systems, this paper will use a systematic benchmarking
approach to assess the systems' efficiency in terms of analytical workloads, scalability, and cost-effectiveness. In
performance benchmarking, the process provides a methodical way to assess computing platforms by running
standardized workloads and measuring key performance indicators in a controlled environment (Andor, 2021). These
benchmarking techniques are most commonly employed to compare database systems, distributed computing
infrastructures, and cloud-based analytics platforms to understand their performance and operational constraints.
The benchmarking framework applied in the present study focuses on fundamental methodological aspects that ensure
objectivity, repeatability, and practical applicability in enterprise analytics settings. These elements are dataset design,
workload configuration, performance metrics and experimental environment setup. Other benchmarking frameworks
of this type have been used in the literature where distributed database systems and cloud infrastructures were
considered (Cattermole & Forshaw, 2018).
The methodological approach that has been used in this research has the following main components:

e Dataset Selection:
The datasets to be benchmarked were built to represent the common enterprise analytics setting. The datasets consist
of systematic transactional databases and summarized analytical databases, typically used in business intelligence.
Such datasets are actual enterprise workloads in which large amounts of data need to be processed effectively in cloud
data warehouse systems (Duong Hai Ly, 2019).

e Analytical Workload Design:
The benchmarking queries have been created to reflect typical analytical operations performed in enterprise data
warehouses. Such workloads are aggregation queries, multi-table join operations, filtering, and group-by queries in
reporting and dashboard analytics. These analytical functions are often performed within enterprise data analytics to
support decision-making (Damilare Balogun et al., 2021).

e Performance Metrics:
The efficiency of the cloud data warehouse platforms was measured using several performance indicators. These
metrics include:

a) Query execution time

b) System scalability

c) Efficiency in the use of resources.

d) Cost-performance ratio
They are usually indicators used in performance benchmarking analyses to compare computing systems and identify
performance differences across alternative architectures (Bulfin et al., 2021; Zhang et al., 2021).
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e Scalability Testing:
Scalability was tested by scaling up the dataset and query complexity and observing system performance. Under this
method, it is possible to determine the management of each platform to address increasing analytical loads and rising
data volumes.

e  Setting of the experiment environment:
To achieve a fair comparison, the three cloud data warehouse platforms were configured with similar resource
deployments and query execution parameters. All benchmarking queries were run multiple times to reduce
performance variation caused by interim system fluctuations. This experimental method enhances the reliability and
reproducibility of benchmarking findings (Cattermole & Forshaw, 2018).
The architectural properties of the platforms analyzed also contribute to benchmarking outcomes to a large extent. The
multi-cluster architecture of Snowflake enables executing queries across multiple virtual warehouses simultaneously,
thereby enhancing performance in high-concurrency settings (Anoshin et al., 2019). Google BigQuery uses a
serverless distributed query engine that can assign computational resources on demand to execute queries. Amazon
Redshift is based on a massively parallel processing system that distributes query operations across a set of compute
nodes, improving the efficiency of analytical processing (Pandis, 2021).

Table 1: Comparative Architectural Characteristics of Snowflake, Big Query and Redshift

Feature Snowflake Google BigQuery Amazon Redshift
Architecture Multi-cluster shared data Serverless distributed Massively Parallel
architecture architecture Processing (MPP)
Storage—Compute Yes Yes Partial
Separation
Query Processing Virtual warehouses Serverless query engine Cluster-based processing
Model
Scalability Elastic compute clusters Automatic scaling Node-based scaling
Deployment Model Fully managed cloud Fully managed serverless Managed cluster-based
service service service

Table 1 outlines the architectural differences between the two platforms and illustrates how each addresses scalability
and distributed data processing. Snowflake insists on autonomous scaling of storage and computing assets, BigQuery
is serverless and automated query processing, and Redshift depends on cluster-based massively parallel processing
structures (Pandis, 2021; Przystalski, 2021). These variations have a significant impact on the performance results
observed in benchmarking experiments.

4. PERFORMANCE EVALUATION AND DISCUSSION
The benchmarking experiments reported in this paper indicate several key performance differences among Snowflake,
BigQuery, and Amazon Redshift. Query execution time is among the most urgent measures of analytical system
performance. The findings suggest that platforms with distributed query execution and automatic scaling will be more
effective at executing large-scale analytical queries. The multi-cluster data structure in Snowflake allows running
multiple query engines across various compute clusters, resulting in shorter query processing times under increasing
workload (Anoshin et al., 2019).
The size of big queries on Google BigQuery is effective for processing large analytical queries because of its serverless
query processing. BigQuery can easily handle large volumes of data without manually provisioning cluster resources,
automatically provisioning computational resources to run queries. The feature simplifies system management and
allows organizations to dynamically scale analytical workloads in response to demand (Fox et al., 2019).
Amazon Redshift is also effective for complex analytical workloads, especially when query distribution and data
partitioning strategies are optimized. A massively parallel processing architecture enables queries to be processed
concurrently across nodes, thereby enhancing efficiency when processing large datasets. Nonetheless, the workload
management settings and distribution key choice might be crucial to Redshift performance and can affect the query
execution efficiency (Pandis, 2021; Parchas et al., 2020).
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Scalability analysis also shows the impact of the architectural design on the system's performance. The compute and
storage coordination in Snowflake enables flexible scaling of analytical workloads, allowing any organization to add
more computing capacity without interfering with currently running queries. The serverless architecture of BigQuery
automates resource allocation, making it particularly well-suited to unpredictable workloads. By contrast, the cluster-
based design of Redshift means that the capacity of a node must be configured manually, potentially introducing yet
another layer of management complexity, but capable of delivering high performance when correctly configured
(Chaudhari, 2020).

Another issue that enterprise analytics systems should consider is cost-performance efficiency. Serverless systems like
BigQuery enable the organization to pay only for the computing resources consumed during query execution, which
can save operational costs for sporadic workloads. The flexible cost management offered by Snowflake's consumption-
based pricing model also enables the organization to scale up and down compute resources to meet the needs of
analytical processes. The Redshift pricing model, based on clusters, can also be cost-effective for long-term, high-
volume workloads, such as compute resources used regularly.

The benchmarking findings, in general, indicate that both platforms have distinct advantages in terms of workload
characteristics and business needs. Snowflake offers good concurrency and scalability across various kinds of analytics
workloads; BigQuery offers good performance for serverless, large-scale query processing; and Redshift offers good
performance in an optimized distributed data processing environment.

5. CONCLUSION
This paper provides a comparative performance benchmarking analysis of three popular cloud data warehouse
systems: Snowflake, Google BigQuery, and Amazon Redshift. The growing use of cloud-based analytics platforms
has created an opportunity to systematically assess their performance to inform enterprise technology choices. The
study will use architectural features and compare key performance indicators to provide an idea of the capabilities of
various cloud data warechouse systems to handle typical analytical workloads.
The findings suggest that architectural design is significant to the performance and scalability of cloud data warehouse
systems. The multi-cluster architecture of Snowflake has enabled strong scalability and the ability to support analytical
workloads simultaneously. Google BigQuery is a serverless architecture that enables easy infrastructure management
and the processing of large volumes of data without manually configuring resources. The massively parallel processing
design of Amazon Redshift is competent in delivering the large-scale distributed analytics performance when
optimized appropriately.
The results of this research can also be used by organizations to identify the right cloud data warehouse systems based
on workload characteristics, scalability, and cost factors. In the future, as enterprise analytics environments continue
to grow, cloud data warehouses will be increasingly useful for data-driven decision-making.
Future studies can consider additional benchmarking scenarios involving real-time analytics workloads, machine
learning integration, and multi-cloud data processing architectures. Additional research on automated optimization
schemes and adaptive workload management schemes can also help in enhancing the performance of the current cloud
data warehouse systems.
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