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Abstract

The rapid growth of large-scale and heterogeneous data generated by web applications, cloud platforms, and
Internet of Things (IoT) systems has increased the need for efficient and scalable data management solutions.
Traditional relational database management systems (RDBMS), such as Microsoft SQL Server, ensure strong
consistency and data integrity, while NoSQL systems, like MongoDB, provide schema flexibility and
horizontal scalability. Selecting an appropriate database architecture remains a critical design decision for
modern applications. This study presents a controlled experimental performance evaluation of Microsoft SQL
Server and MongoDB under identical deployment conditions. Both systems were containerized using Docker
and tested with standardized datasets ranging from 10K to 5SM records. Performance was assessed in terms
of insertion time, query latency, update and delete execution time, CPU utilization, memory consumption,
and scalability behavior. Monitoring was conducted using Prometheus and Grafana to capture system metrics.
Experimental results indicate that MongoDB shows better performance in insert operations, queries, and
resource efficiency, while SQL Server shows advantages in structured and type-based queries. The findings
highlight that database selection should be driven by workload characteristics and application requirements
rather than general performance assumptions.
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rather than traditional tables. This data is often stored in
a format similar to JSON or BSON, which gives
MongoDB significant flexibility in storing non-static
data without requiring a fixed schema before data entry
[2]. Its features include a dynamic schema that allows for
high flexibility in data structure, enabling easy addition
or deletion of fields and modification of document
structures at any time. It doesn't support relationships by
default, relying on a document model, but allows for
embedding or linking documents as needed. No
predefined schema is required; data can be created and
modified without pre-designing a database structure.

1. Introduction:

The exponential growth of digital data in modern
computing environments has fundamentally transformed
database system requirements. Applications operating in
cloud computing, distributed systems, e-commerce
platforms, and loT ecosystems demand scalable, high-
performance, and flexible data storage solutions.
Traditional relational database systems were originally
designed for structured data and transactional integrity,
whereas modern applications increasingly process semi-
structured and unstructured data at large scale. The need
to manage these new types of massive data has led to the
emergence of NoSQL databases, which are more
responsive and scalable. As a result, researchers began
analyzing and comparing these two systems to determine
the best uses of each and to guide organizations in

MongoDB is fast, flexible, and suited for applications
that require rapid response, handling large datasets, and
horizontal expansion. Its non-static model allows for
structure changes without prior schema modification,

choosing the most suitable solution according to their
needs [1].

MongoDB is a NoSQL database system, meaning it's a
non-relational database that stores data in documents

making it perfect for rapid application development and
constantly changing data requirements [3].

Microsoft SQL Server is a relational database
management system (RDBMS) developed by Microsoft.

46

2026 )« | EJUA-BA


https://doi.org/10.47372/ejua-ba.2026.1.498

Pages 46-56

Experimental Performance Evaluation of MongoDB and SQL Server Under Large-Scale Workloads

Its defining characteristic is its table-based relational
architecture, where data is stored in structured tables
composed of rows and columns. It requires a data schema
definition before data entry, specifying data types and
their allowed values. It supports relationships and
transactions, allowing data to be linked via keys, and
provides support for transaction-based operations to
ensure data integrity. It uses SQL as a standard query
language for accessing and managing data. SQL Server
is a reliable, high-performance database used in business
applications and applications requiring data integrity and
accuracy [3].

SQL is the ideal choice for systems that require data
integrity and accuracy, such as transactional systems and
sensitive data, while NoSQL offers greater flexibility in
handling unstructured and massive data, with high
scalability and performance in big and distributed data
environments. Therefore, the choice between them
remains dependent on the nature of the application and
the business needs. It is wise for organizations to adapt
to the characteristics of each type to achieve the best
performance and efficiency in managing their data[1].

Despite numerous comparative studies between SQL and
NoSQL systems, performance outcomes often vary
depending on workload characteristics, data modeling
strategies, indexing mechanisms, and hardware
configurations. Therefore, empirical evaluation under
controlled and reproducible conditions remains essential.

This research aims to provide a systematic performance
comparison between Microsoft SQL Server and
MongoDB under identical experimental conditions. The
primary objectives are to evaluate insertion performance
across increasing data volumes, analyze query latency for
different query types, measure update and delete
efficiency, assess CPU and memory consumption during
workload execution, and examine scalability behavior
under large-scale datasets. By conducting controlled
containerized experiments, this study demonstrates
empirical evidence to guide database selection decisions
for large-scale data environments.

The research is organized as follows: Section 2 reviews
previous studies and compares SQL Server with
MongoDB. Section 3 explains the methodology used in
this research. Section 4 discusses the experimental
results of both systems. Section 5 concludes with the
findings and future work.

2. Related work:

Numerous studies have compared the structure,
characteristics, and architecture of SQL and NoSQL
databases, highlighting the differences between them in
aspects, including the type of data stored and the
applications of each type. These studies have shown that
the choice of database type depends largely on the
application requirements and the organization. SQL

relational databases are ideal for processing structured
data that requires data integrity, transaction support, and
high stability. In contrast, NoSQL is more flexible and
scalable, making it suitable for handling large and
diverse amounts of data, especially in parallel computing
environments and modern web applications. However, it
lacks rigorous processing features like ACID, which may
be necessary in some cases. Therefore, there is no single
database that works for everyone; each type of database
has its advantages and disadvantages, and the choice
should be based on the performance, scalability, stability,
and security requirements [1,4]

Qumins et al. compared SQL Server, a relational
database, with MongoDB as a non-relational (NoSQL)
database. They highlighted the differences between
them, explaining that SQL Server relies on predefined
tables that use a fixed schema, while MongoDB uses
dynamic schemas without constraints on data structure.
It also outlined some key differences between the
systems, identifying the most suitable applications for
each type, processing, structure, and performance. The
study further showed that SQL Server is more popular
than MongoDB, according to db-engines.com, and has
greater support resources. MongoDB is used in situations
that require fast response and high flexibility, in web and
mobile applications [5].

I. Qaddara et al. compared the efficiency of read, write,
delete, and create operationsin the context of key and
value stores implemented using both NoSQL databases
(MongoDB, RavenDB, and Cassandra) and SQL
databases (MS-SQL) over an average of three runs. The
first experiment measured the time taken to create a
database instance. The results showed that RavenDB had
the fastest instance creation time, followed by MongoDB
and Cassandra, while MS SQL showed the slowest
performance in this process. The second experiment
measured the time taken to read. The results showed that
MS SQL gave the best average read time, while
RavenDB gave the worst. The third experiment
measured the time taken for deletion. MS SQL gave the
worst time, while RavenDB gave the best time, followed
by MongoDB [6]

A. Malik et al. conducted a comparative analysis between
Microsoft SQL Server relational database and MongoDB
a non-relational database within the context of
unstructured JSON data representation. A series of
experiments was performed. In the first experiment,
100,000 entries were entered into both the RDBMS
(SQL) and the NoSQL (Mongo) databases. It was
concluded that MongoDB was faster than the other two
databases used in the experiment, generally fifteen
seconds faster than SQL Server. In the second
experiment, a random string was searched ten times
within both databases, and the results of each iteration
were compared. The results of these experiments were
very intensive, revealing a significant difference between
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the two types of databases. In fact, searching for a
specific string occurrence was extremely efficient and
easy to implement within MongoDB. In the third
experiment, the search was performed using a randomly
generated identifier, as follows: the primary key is the
SQL Server ID, while the default index in MongoDB is
in the _id field. SQL Server proved to be a very fast and
efficient tool when searching using the ID field, which
contains the primary key [7].

A. Rudniy designed and implemented a data warehouse
(DW) for an online learning platform using three
technologies: Microsoft SQL Server, MongoDB, and
Apache Hive. The three systems were evaluated in terms
of text structure and descriptive analytics. Apache Hive
was found to achieve the best processing time, followed
by SQL Server and MongoDB. In terms of analytical
queries, SQL Server performed best, followed by
MongoDB and Hive [8].

C. Ming Wu et al. also conducted comparisons between
MongoDB and SQL Server. The study showed that
MongoDB in NoSQL is ten times more efficient in
reading and writing than MS-SQL databases. This
confirms that NoSQL database technology is a highly
viable option for future use [9].

3. Research Methodology:

This section describes the experimental methodology
used to compare and evaluate the performance of
MongoDB and SQL Server in managing intellectual
property data. The setup includes environment
configuration, data generation, implementation, and the
performance metrics used for evaluation.

3.1. Hardware and Software Environment:

These experiments are conducted on a Windows 11
machine with an Intel Core i7 processor, 8 GB of RAM,
and Docker Desktop (v4.36.1) [10]. The two databases,
viz. MongoDB 3.6 and SQL Server 2019 were used in
isolated Docker containers. Python 3.9 is used to handle

all operations with Prometheus and Grafana monitoring
tools in this research work. The same hardware
configuration was used for all tests to maintain
consistency and comparability.

3.2. Experimental setup:

All experiments were conducted using a containerized
simulation environment using Docker Compose to
emulate a network on a single machine [11]. Each
database system had its own independent container, with
CPU and memory resources to ensure consistent resource
availability, fair comparison, and minimize the impact of
external factors. ldentical workloads and dataset sizes
were applied to both systems. This enabled realistic
execution, resource isolation, and reproducible
performance measurement. System metrics were
collected using Prometheus and visualized with Grafana.
Each experiment was repeated multiple times, and
average values were recorded to minimize random
fluctuations and improve measurement reliability.We ran
each system separately to ensure that metric
measurements were isolated for fair comparison. Further,
the database was reinitialized before each experiment.

3.2.1. Workflow Diagram:

Figure 1 illustrates the architecture of the prototype that
shows the interactions among MongoDB, SQL Server,
and the utility services used. It illustrates that all
containers operate on a single network within Docker.
Data is entered into both SQL Server and MongoDB
using the Python script. and also shows that all of this is
monitored using the monitoring tools Grafana and
Prometheus, which are also available on the same Docker
network as all the containers we are working on.

Figure 2 illustrates the workflow for the experimental
setup, including the data generation, insertion, query,
monitoring, and analysis phases. This diagram shows the
parallel operations applied to both MongoDB and SQL
Server to ensure fairness and equality.
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Fig. 1: High-level architecture of the prototype interacting with MongoDB and with SQL server

48

2026 )« | EJUA-BA



Pages 46-56

Experimental Performance Evaluation of MongoDB and SQL Server Under Large-Scale Workloads

Environment Preparation

» MongoDB via Docker
» SQL Server via Docker
» Prometheus & Grafana for monitoring

|

Data Generation
(Identical for both) (10K—5M records)
Using Python library
Evaluation Metrics
Performance Evaluation

!

Data Insertion in MongoDB

+ Response time measured
« Processor and Memory Usage
Scalability

)

Query Testing

Search by record ID
Search by patent type
Reading all

Response time measure

Update/Delete

« full delete or update

Y

Data Insertion into SQL Server

» Response time measured
» Processor and Memory Usage
= Scalability

v

Query Testing

Search by record ID
Search by patent type
Reading all

Response time measured

Update/Delete

= fill delete or update

]

Prometheus Monitoring

+ Resource Consumption
s Loggmng Every Process

[ Grafana Dashboard 1

= Performance View
+ Resource Comparison

!

Experimental Results analysis

« Data insertion Performance

+ Query Execution performance
« Update and Delete performance
» Resource Consumption

Fig. 2: Flow diagram of experimental setup

3.3. Dataset Preparation:

Due to the absence of publicly available large-scale
intellectual property datasets, synthetic data were
generated using the Faker Python library [12]. The
dataset simulated intellectual property records with the
following attributes: ‘record ID’, 'name', 'description’,
‘owner', ‘type', ‘'status', 'date’, ‘document_ url. The
datasets were prepared with 10k, 50k, 100k, 500k, 1M,
2M, and 5M records, respectively, to evaluate
performance at different scales. This incremental scaling

enabled evaluation of system behavior under increasing
data volumes.

3.4. System Implementation:

We performed the following operations: data insertion,
querying, deletion, update, and time measurement using
Python scripts. To insert data into SQL Server, we used
the pyodbc library to execute INSERT commands in
batches. Similarly, in MongoDB, we used pymongo to
send CREATE transactions, where each record
represented a new patent.
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Identical queries were performed on both databases:
Record ID, patent type, and Query All. Also,
update/deletion operations were performed, so that the
UPDATE and DELETE commands were executed
directly in both SQL Server and MongoDB without any
intervention.

3.5. Monitoring

Prometheus continuously collects system-level metrics,
while Grafana provides real-time visualization.
Prometheus was configured within the isolated
environment to collect container and system
performance metrics using Cadvisor, including CPU and
memory consumption for each system. A default data
collection period of 15 seconds was used in all
experiments. The same settings were applied to both
systems under investigation to ensure measurement
fairness and reproducibility. Monitoring was performed
concurrently with workload execution to capture realistic
resource behavior under load conditions.

3.6. Performance Evaluation Metrics

1. Data Entry Time: The time it takes to enter data
into the database. Measured in seconds using a
Python script.

2. Query, Delete, and Update Execution Time:
The time it takes the system to retrieve a record or
set of records based on a specific query, delete and
update.

3. Processor and Memory Usage: This measures
CPU and RAM usage during execution. It was
monitored using Grafana and Prometheus.

4. Scalability: This measures the system's ability to
maintain performance under increased data or
process load.

3.7. Fairness Considerations and Limitations

Both systems were evaluated under identical hardware
and workload conditions to provide a controlled
environment that ensured a fair and consistent
comparison between the evaluated systems. The
evaluation framework focused on a single-node
operating environment using a containerized simulation
environment using Docker Compose, and artificially
generated datasets of increasing size to systematically
observe performance behavior under controlled
workloads. This design promotes the systematic
consistency of the experiment,

Furthermore, the experiments were limited by the
hardware resources available in the test environment,
which restricted the maximum dataset size and the
possibility of scaling the experiment to a larger number
of nodes. Future work could expand the evaluation to

include multi-node distributed environments and more
complex real-world data.

4. Experimental Results and Discussion

This section presents the experimental results obtained
for evaluating MongoDB and Microsoft SQL Server
under identical deployment conditions. The analysis
focuses on insertion performance, query latency, Update
and delete, resource utilization, and scalability.

4.1. Data insertion Performance

The experimental results demonstrate a consistent
performance advantage for MongoDB in bulk insertion
operations. Across all dataset sizes from 10K to 5M
records, MongoDB required significantly less execution
time than SQL Server. At 10K records, MongoDB
completed insertion substantially faster than SQL Server,
while at 5M records, MongoDB maintained lower
execution time and more stable resource utilization.

MongoDB exhibited gradual increases in CPU and
memory consumption as the dataset size grew, indicating
stable scalability behavior. In contrast, SQL Server
demonstrated higher and more variable CPU usage, often
exceeding 50% utilization during large insert operations.
Memory consumption for SQL Server remained
consistently higher than that of MongoDB across all
scales.

These results suggest that MongoDB’s document-
oriented architecture and batch insertion mechanism
provide advantages in high-throughput write-intensive
workloads.

Figure 3 shows that SQL Server execution times were
large compared to those of MongoDB and increased
with the increase in the number of inserted records.

Figure 4 shows that MongoDB demonstrated stable
resource consumption, operating at relatively consistent
values compared to SQL Server.

Figure 5 shows that MongoDB demonstrated stable
resource consumption, operating at relatively consistent
values compared to SQL Server.

50

2026 )« | EJUA-BA



Pages 46-56

Experimental Performance Evaluation of MongoDB and SQL Server Under Large-Scale Workloads

35000

30000
25000
20000
15000
10000
- d
0 - o - e E— - ‘ . -

INSERT INSERT
INSERT 10K | INSERT 50K 100K S00K INSERT 1M | INSERT 2M | INSERT 5M
I MongDB 30.72 151.9 304.22 1534.28 \ 3604.02 6270.24 18060.32
- saL serve 269.69 | 78717 | 83451 | 2882.951 ‘ 5626.316 | 11551.19 | 30146.426

Time (secand ) of the insert operation in
MongoDB and SQL server

Fig. 3: Execution time(second) for insert operation

60.00%

N

‘lMongDB. 3.12% 6.71% 8.23% 1210% = 1110% | 1450% | 36.90%
‘ISQLserve 2080% | 47.90% | 4630% | 5020% | 5150% | 5150% | 53%

CPU usage (%) of the insert operation in
MongoDB and SQL server

insert 10k insert S0k msert 100k insert 500k insert 1m | insert2m | insert5m

Fig. 4: CPU usage (%) for insert operation

3000

2500 -

paad

l MongDB | 46.6 62.8 97.5 193 305 607 ' 1177.6
l saL serve | 1402 88 1280 1167.36 | 1873.92 | 2068.48 2140.16 2385 92

Memory usage ( MB )of the insert operation
in MongoDB and SQL server

o

insert 10k = insert SOk insert 100k insert 500k | insert 1m | insert2m | insert 5m

Fig. 5: Memory usage ( MB ) for insert operation

EJUA-BA | March 2026

51



EJUA Electronic Journal of University of Aden for Basic and Applied Sciences

Vol. 7, No. 1, March 2026

Makcha, and Omer Pages 46-56

https://ejua.net

4.2. Query Execution Performance:

To evaluate the data retrieval efficiency of both systems,
a set of queries was executed under identical conditions.
All queries were executed using Python scripts, with both
query response time and resource usage measured. Query
performance varied depending on query type as follows:

4.2.1 Record ID Query: MongoDB achieved faster
retrieval times and significantly lower resource
consumption when querying by record ID. This is
attributable to its default indexing on the _id field.

4.2.2 Query All Records: For full dataset retrieval,
MongoDB again showed lower execution time and more
moderate CPU and memory usage, particularly at larger
scales.

4.2.3 Query by Patent Type: SQL Server outperformed
MongoDB in structured type-based queries. This result
reflects the efficiency of relational indexing and
optimized query planning for structured data filtering.

Overall, MongoDB demonstrated superior performance
in most query scenarios, particularly those involving
large result sets. SQL Server performed better in
structured attribute filtering operations, as shown in
Figures 6 7, and 8 below.

Figure 6 shows that MongoDB's execution time was
minimum compared to that of SQL Server, except for
patent type search queries, where SQL Server had the
minimum time.

The comparison in Figures 7 and 8 revealed resource
consumption. MongoDB outperformed SQL Server in
almost all operations. But in the patent type search, SQL
Server outperformed MongoDB.

4.3. Update and Delete Operations

Update and delete experiments revealed that MongoDB
consistently required less execution time and lower
resource consumption compared to SQL Server.

For update operations: MongoDB completed
modifications faster with minimal CPU impact, while
SQL Server exhibited higher memory usage during
update execution.

For delete operations, MongoDB showed reduced
latency and stable resource behavior, whereas SQL
Server required more memory and processing time.

These results indicate that MongoDB handles
modification operations efficiently under the tested
workload conditions.

Figure 9 shows that MongoDB performs better than SQL
Server regarding execution time.

Figures 10 and 11 revealed the resource consumption.
MongoDB outperformed SQL Server regarding resource
consumption in all operations.

Time of Queries operation in MongoDB and
SQL server
1400
1200
1000
800
600
400
200
0 » Paten% record ID  QueryALL
MongoD8 | 284.37 0.004 | 163.891
| SQlserver 163.892614 0.015071 1320.9654

Fig. 6: Execution time(second) for Query operation
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4.4 Discussions:

Previous  experimental results evaluating the
performance of the two databases across the studied core
operations revealed distinct performance characteristics.
The results showed that MongoDB recorded lower
execution times and resource consumption for all
insertion operations compared to SQL Server, even as the
data size increased from 10K to 5M records. This can be
attributed to the documentary nature of MongoDB
databases, which allows for flexible data representation
and efficient insertion operations when handling
increasing data volumes.

Regarding query operations, MongoDB also exhibited
lower execution times and resource consumption for
most queries, except in queries based on structured data
types. In these cases, SQL Server demonstrated lower

execution time and resource consumption, reflecting the
efficiency of its relational indexing and optimized query
planning for filtering structured data.

For the remaining operations, such as modification and
deletion, MongoDB consistently outperformed SQL
Server in terms of execution time and resource
consumption.

The results showed that SQL Server consumes more
CPU and memory in most workloads. This is expected
because relational systems optimize performance using
efficient indexing, caching, and query processing
algorithms. In contrast, MongoDB exhibits lower CPU
and memory usage despite faster execution times. This is
due to its non-relational documentation model, which
provides greater flexibility in storing unstructured data
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and faster queries with large workloads or horizontal
expansion.

The experimental results demonstrate a clear trade-off
between SQL and NOSQL database architectures.
MongoDB delivered high performance in almost all
operations, thanks to its NOSQL documentation model.

In contrast, SQL Server exhibits lower performance in
most operations but demonstrates its strength in complex
queries that rely on structured data and complex
relations, making it suitable for complex operations and
structured data.

5. Conclusions and Future Work
5.1. Conclusions

This study conducted a controlled experimental
comparison between Microsoft SQL Server and
MongoDB under identical containerized conditions. The
evaluation covered insertion, querying, updating,
deleting, scalability, CPU utilization, and memory
consumption across datasets ranging from 10K to 5M
records.

The findings demonstrate that MongoDB provides
superior performance in: insertion operations, and semi-
structured queries, update and delete execution, resource
efficiency, and scalability. In contrast, SQL Server
exhibits stronger performance in structured filtering
queries and scenarios requiring relational optimization.
MongoDB s better suited for high-throughput, schema-
flexible, and large-scale distributed applications. SQL
Server remains advantageous in structured enterprise
environments where relational integrity and optimized
joins are critical.

Despite these findings, the choice between them
ultimately depends on the nature of the application and
business needs. Organizations must adapt to the
characteristics of each type to achieve optimal
performance and efficiency in data management. SQL
Server is the ideal choice for systems requiring data
integrity and accuracy, while MongoDB offers greater
flexibility in handling unstructured and large datasets,
along with high scalability and performance in large and
distributed data environments.

Although the methodology used in this study was
carefully designed to provide a performance comparison
between SQL Server and MongoDB. There are some
limitations to this methodology. The experiments were
conducted in a resource-limited environment and with
hardware configurations that may not fully reflect large-
scale production environments. Furthermore, the data
volume processed was still below the scales we hoped to
use and systems might encounter in real-world
applications. These limitations do not diminish the value
of the results, but they clearly define the framework
within which they should be interpreted.

5.2. Future Work

Although this study provides a comprehensive
performance comparison, several research extensions are
possible.Future experiments should evaluate both
systems in multi-node distributed cluster configurations
rather than single-node Docker deployments to better
reflect large-scale deployment scenarios in real-world
environments.

The current study focuses on executing workloads on a
single, controlled machine. Future research analyzing
concurrent transaction processing, lock disputes, and
throughput in concurrent multi-user environments can
provide a deeper understanding of system behavior under
real-world operating conditions.Future studies could also
involve using real-world datasets or more complex data
structures to further validate the findings of this study.

Future research could investigate the impact of advanced
indexing techniques, including composite indexes, text
indexes, and more complex query patterns, to understand
their effect on database performance across different data
models.

Using synthetic datasets ensures controlled testing, but it
may not fully represent real-world anomalies. Future
studies should include large, publicly available datasets
to validate practical performance behavior. Additional
statistical analysis techniques can also be used to enhance
the reliability and strength of performance comparisons.
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