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Abstract. In this paper, we conducted a comprehensive study of two leading relational database management systems:
Microsoft SQL Server and PostgreSQOL, representing commercial and open-source software development models
respectively. We developed several comparison criteria ranging from toolset availability and platform support to syntax
and semantic differences between the systems. We performed a systematic analysis of architectural differences, language
constructs, and functional capabilities of both systems based on current versions MS SQL Server 2022 and
PostgreSQOL 17.5.

The analysis revealed differences in operational capabilities and design philosophies between the two systems,
particularly in their handling of Unicode text processing, binary data storage, and cross-database operations. We
identified critical divergences in approaches to namespace organization, cross-database query processing, data type
implementation, and indexing mechanisms. PostgreSQOL's unified approach to data types and its support for advanced
features like native JSON operators and array handling contrast with MS SQL Server's more specialized type system and
its distinction between clustered and non-clustered indexing structures. We found that PostgreSQL demonstrates superior
platform independence and extensibility due to its open architecture, while MS SQL Server provides deeper integration
with the Microsoft ecosystem and offers more differentiated index types.

The study also highlighted the educational implications of these differences, particularly in the context of Ukrainian
academic institutions where Microsoft products dominate, potentially limiting students' exposure to industry-standard
open-source alternatives that offer comparable functionality at reduced institutional costs. We demonstrated that our
methodology can be applied to future RDBMS research and can help Ukrainian universities integrate more open-source
software into their database curricula.

Anomauin. YV yiti pobomi mu nposenu écebiune 00CAiOHCeHH 080X NPOGIOHUX CUCHEM YNPAGTIHHA peNayiuHUMU
oasamu oanux: Microsoft SOL Server ma PostgreSQL, sxi npedcmasnsioms 6i0n0GIOH0 KOMepyiliHi ma 8i0Kpumi mooeni
PO3pobKU npocpamHo2o 3abe3nedenis. Mu po3pobunu Oexinbka Kpumepiie NOpiGHsHHSL, NOYUHAIOUU 8I0 OOCHLYNHOCMI
iHCmpyMeHmapiio ma niompuMKy niam@opm 00 CUHMAKCUYHUX | CEMAHMUYHUX 6iOMIHHOCmeU midc cucmemamu. Mu
BUKOHAIU CUCTEMAMUYHULL AHANI3 APXIMEKMYPHUX GIOMIHHOCMEN, MOGHUX KOHCMPYKYIU mMa (QYHKYIOHATbHUX
Modcugocmett 060x cucmem Ha ocHogi nomounux eepcit MS SQL Server 2022 ma PostgreSQL 17.5.

Ananiz us6ue 8IOMIHHOCMI 8 ONEPAYITIHUX MONACIUBOCHAX MA PINocoii NPoeKmy8anHs Midc 08OMA CUCMEMAMU,
o0cobauso 6 ix obpodyi Unicode-mexcmy, 36epicanni Oinapnux oanux ma mixcoazosux onepayiax. Mu euseunu kpumuyni
po30idxcHocmi 8 nidxo0ax 00 opeauizayii nPOcmopy iMeH, 00pobKu MixcOa308ux 3anumis, peanizayii munie OaHux ma
Mexarizmie inoexcyganms. Yuigpikosanuii nioxio PostgreSQOL oo munie oanux ma tio2o niompumxa nepedosux (yHKyit,
maxux sk HamusHi JSON-onepamopu ma 0b6podKa Macueis, KOHMpPAcmyms 3i Cneyianizoeanor cucmemoro munie MS
SQL Server ma 11020 po3pizHeHHAM MIJIC KIACMEPU308AHUMU A HEKIACMEPU308AHUMU CIMPYKIMYPAMU [HOEKCYGAHHSL.
Mu ecmanosunu, wo PostgreSQOL demoncmpye uwyy niam@opmHy He3anexiCcHicms ma po3uupro8anicms 3a80AKU C80ill
giokpumit apximexmypi, mooi six MS SQL Server zabesneuye enubuty inmeepayito 3 exocucmemoio Microsoft ma
npononye 6inbut Ougheperyiiosani munu iHOeKcie.

Jlocnioocennsi makodic UCSIMAULO OCEIMHI HACHIOKU Yux GLOMIHHOCMEU, 0COONUBO 8 KOHMEKCMI YKPAIHCLKUX
aKademiyHux yCmanos, 0e OOMIHyiomb npodykmu Microsoft, wo nomeHyitino 00MedNCYe 3HAUOMCMBO CMYOeHMIs i3
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NPOMUCTOBUMU  CMAHOAPMAMU  BIOKDUMUX — AIbINEPHAMUG, SIKI  NPONOHYIOMb NOPIGHAHHY QVHKYIOHAIbHICMb 34
SHUICEHUMU THCMUMYYIUHUMY sumpamamu. Mu npodemoHcmpysanu, wo Hawa Memooonozis Modice Oymu 3acmocoeana
00 maubymuix oocniodceno PCRB]] i modice donomoemu yKpaincoKum yHieepcumemam inmezpysamu Oiiviue 6IOKpUmozo
npocpAMHO20 3a0e3neuents 00 C80IX HAGUANIbHUX NPOcPaAM 3 6a3 OAHUX.

Keywords: database management systems, PostgreSQL, Microsoft SOL Server, RDBMS comparison, open-source
databases, commercial databases, SOL compliance, database architecture, comparative analysis.

Knrouosi cnosa: cucmemu ynpasninns 6azamu oanux, PostgreSQOL, Microsoft SOL Server, nopienanna PCKB/I, 6a3zu
OAHUX 3 BIOKDUIMUM KOOOM, KoMepuiuni baszu oanux, cmanoapm SOL, apximexkmypa 6a3z Oanux, NOpieHAIbHUN AHAL3.

INTRODUCTION. Microsoft SQL Server (MS SQL) and PostgreSQL are two of the most popular relational
database management systems (DBMS). Both of them have big advantages to use: one of them is commercial and backed
up by a well-known company, and other is free (and distributed without cost) and part of open source software. As any
modern RDBMS, they also support Structured Query Language (SQL) for access.

The goal of our paper is to compare MS SQL and PostgreSQL in practice. The object of our paper are relational
database management systems. The subject of our paper is the comparative analysis of two popular RDBMS: MS SQL
and PostgreSQL. We have deliberately chosen these systems for two reasons:

1. MS SQL is one of top studied RDBMS in Ukrainian universities.
2. Microsoft products have a strong presence in Ukrainian universities, which often leads to underexposure to free and
open-source alternatives.

The scientifical significance of our work lies in designing a comparison methodology that could be applied to other
RDBMS (and potentially part of it could be applied to non-relational databases). Our work posesses also an educational
significance, as methodologists can esitmate whether it’s relevant or easy to integrate more free software like PostgreSQL
in their educational programs.

The practical significance of our work lies in analysis of the database management systems (DBMS). Companies or
individuals can assess the capabilites of each systems and choose best that meets their needs.

The tasks of the paper are:

* Study the history and main features of MS SQL Server and PostgreSQL.
* Design the methodology for comparing two RDBMS.
* Conduct the comparisons and make conclusions.

1. ITERATURE OVERVIEW

Our literature review will begin with the MS SQL Server, as it was released earlier that PostgreSQL (MS SQL was
released in 1989 [1], PostgreSQL — in 1995 [2]). Microsoft SQL Servier is a relational database management system
produced and maintained by Microsoft. As many Microsoft products, initially MS SQL was based off another product
from Sybase company — Sybase SQL Server 3.0 for UNIX and VMS. Since 1989 it have been continuosly growing and
expanded with features, outliving a full rewrite [1].

MS SQL comes in several editions, which depends on the year of the product. For example, MS SQL 2022 comes in
these editions: Enterprise (premium offering), Standard (basic data management), Web (external hosting), Developer (for
extending), Express (entry-level, free) [3].

MS SQL Server is heavily integrated with another Microsoft product — Visual Studio. There are special classes and
components for displaying data from MS SQL database that allows for rapid application development [4].

Another interesting feature of MS SQL is the possibility to analyze the data: Business Intelligence, Data Mining, and
Online Analytical Processing (OLAP). MS SQL has various algorithms for building rule-based, statistical, and neural
models that could classfiy, clusterize and predict data. Even though most of these algorithms were researched and
described much earlier than the release date of this RDBMS, still they are quite integrated to the user data supplied to
database and allows for easier analysis [5].

Speaking about other RDBMS, PostgreSQL is a powerful open-source relational database management system with
roots in academic research. Its development began at the University of California, Berkeley, where it evolved from the
Ingres project led by Michael Stonebraker. Originally designed as an object-relational system under the name Postgres,
it was later enhanced with SQL support and renamed Postgres95. In 1996, the project transitioned into a global open-
source effort, adopting the name PostgreSQL to reflect its new direction and standards compliance [6].

Since then, PostgreSQL has been actively developed by a distributed team of volunteers and contributors. The project
gained traction thanks to its open-source model, strong SQL compliance, and extensible architecture. Over time, it
matured into a feature-rich database system used in academic, commercial, and government applications. Its emphasis
on code quality, community-driven development, and support for complex data types has made it a trusted foundation for
data-intensive systems across the world.

Unfortunately, there is currently limited academic research in Ukraine specifically focused on PostgreSQL. Most
references to PostgreSQL are found in student-led projects or academic theses where it serves as the backend for
developing domain-specific information systems [7], [8]. Its popularity in such contexts stems from its open-source
nature, free licensing, and powerful capabilities, making it an attractive choice for educational and practical
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implementations. However, these works mainly focus on practical applications rather than fundamental research on the
database system itself.

One notable exception is the research by Y. R. Hlynka and R. B. Vovk, which investigates PostgreSQL’s transaction
mechanisms based on the ACID principles (atomicity, consistency, isolation, durability). The study analyzes transaction
processing steps—such as BEGIN, COMMIT, and ROLLBACK—and highlights the role of multiversion concurrency
control (MVCC) in ensuring data integrity and stability during concurrent operations and system failures [9].

Although there is limited research specifically focused on PostgreSQL in Ukraine, some studies compare different
relational database management systems (RDBMS) to evaluate their suitability for various information systems.

One notable example is the paper by Skrypka and Sharov titled “Comparison of relational databases for use in
information systems”. This study highlights the importance of relational databases like Oracle Database, MySQL, and
Microsoft Access for storing and managing data. They find Access best for local systems due to ease of use, MySQL
ideal for web applications because it’s open-source and fast, and Oracle suited for large, complex enterprise systems [10].

Another general study by T. S. Nikitina and O. I. Morozova presents a tool for benchmarking database systems under
various workloads. Their research focuses on both SQL and NoSQL databases, allowing for flexible testing of operations
like insert, delete, update, and select. While not focused on PostgreSQL specifically, it offers a broad comparison of
DBMS performance across different scenarios [11].

In conclusion, while both MS SQL Server and PostgreSQL are widely used and well-established relational database
systems, academic research in Ukraine rarely focuses on them in depth—especially in direct comparison. MS SQL is
often examined in the context of Microsoft technologies, while PostgreSQL typically appears in student projects or
applied systems development due to its open-source nature.

Although there are broader studies evaluating relational and non-relational databases under various workloads,
detailed academic comparisons between PostgreSQL and MS SQL Server remain limited. This suggests the need for
more targeted research exploring how these systems perform under similar conditions and use cases, especially given
their contrasting models—proprietary versus open-source—and widespread adoption.

2. METHODOLOGY

In our research we will compare these versions of the RDBMSes:

1. Microsoft SQL Server 2022 (and its supplied tools).
2. PostgreSQL 17.5 (and its supplied tools).

Comparisons were conducted on an office-grade x86 64 computer with Windows 10 installed. We will not list the
details of our machine, as we will not conduct performance testing. Even though the operating system (OS) and processor
architecture should not be a relevant detail in comparing the capabilites software, we mentioned them as MS SQL Server
is not available on Linux distributions and different versiosn of the mentioned DBMSes have different support for
architectures.

On the table 3.1 we present the list of properties that we will compare RDBMses with. These criterias primarily came
from educational purposes: we will assess the basic functionalities, abilities, and feature of the systems; and our scope is
limited to the most used features of DBMSes (we will not go into details that are suited for a specific task).

Table 3.1 — Comparison criterieas

Name | Description

Usage level

Availability Platforms, operating systems, architectures

Supplementary tools Tools are supplied together with the server for accesing the RDBMS, analyzing,
debugging

Management Instances (servers), databases, schemas

Access level

Basic SQL operations for data Insertion, selection, modification and deletion

Basic SQL operations for database | Creation, alteration, deletion

objects

Syntax and semantic level

Data types Syntax and semantics of types. Existence or absence of some types
Operators Expression types for finding data
Database objects level

Functions and procedures Creation, syntactic and semantic differences
Triggers Creation of triggers
Indexes Types of indexes

3. RESULTS

On the table 4.1 we listed a quick summary of our findings. Differences and other specific moments are discussed
below the table.
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Table 4.1 — Comparison results

Type | Conclusion | Note

Usage level

Availability Different Details written below

Supplementary tools Similar Crucial tools are present

Management Almost similar Details written below

Access level

Basic SQL operations for data Similar Conforming SQL standard

Basic SQL operations for database objects Similar Conforming SQL standard

Syntax and semantic level

Data types Different Different syntax, semantics, and capabilities
Operators Almost similar Most of the operators are present and similar
Database objects level

Functions and procedures Almost similar Minor syntactic and semantic differences
Triggers Almost similar Minor syntactic and semantic differences
Indexes Different MS SQL has 2 types, PostgreSQL — only one

Starting from availability, PostgreSQL is available on a wide range of operating systems, including Linux, Windows,
and macOS, and supports various hardware architectures such as x86, ARM, and more [12]. MS SQL Server, originally
designed for Windows, has expanded its availability to Linux in recent years but still has more limited platform support
overall. PostgreSQL's open-source nature and broad compatibility make it a popular choice for diverse environments
[13], while MS SQL Server is often favored in Windows-centric infrastructures.

Continuing to the toolstet, both RDBMSes include official tools developed by their core teams to support database
administration, development, and maintenance. These tools offer essential functions such as query execution,
performance monitoring, and schema design. MS SQL Server provides a tightly integrated, GUI-focused environment,
while PostgreSQL offers a more modular set of cross-platform utilities suited to a wide range of workflows [14]. The
tools listed in table 4.2 are those commonly included with the official installers of each system.

Table 4.2. — Official Tools Included with Core Installers

Tool | Description

MS SOL

SQL Server The main database engine

SQL  Server Management | Graphical User Interface (GUI) for managing the server, databases, and writing queries

Studio

SQL Server Data Tools Extension for Visual Studio for database development and deployment

sqlemd Command Line Interface (CLI) tool for running Transact-SQL (T-SQL) queries and scripts

PostgreSOL

PostgreSQL Server The main database engine

pgAdmin The official GUI for managing PostgreSQL databases and running SQL queries

Stack Builder A tool bundled with the installer that helps download and install additional PostgreSQL
components and extensions

psql The standard command-line interface for interacting with PostgreSQL databases.

As we can see, all systems provide essential tools for developing, managing, and maintaining databases. Although,
MS SQL Server is closely integrated with the Microsoft ecosystem, including support for Visual Studio, which could be
a competitive advantage over PotsgreSQL. However, PostgreSQL, on the other hand, takes a different approach, focusing
on modularity and relying on a wide range of external tools such as DBeaver, DataGrip, pgcli, PostgREST, and various
language-specific libraries.

Both PostgreSQL and MS SQL allow a single server instance to host multiple databases. While this setup appears
similar, there is a key difference: MS SQL supports cross-database queries within the same instance, whereas PostgreSQL
treats each database as fully isolated and does not support cross-database joins without quirks.

In both RDBMses, a database can contain multiple schemas that act as namespaces for organizing objects. However,
PostgreSQL emphasizes schemas as flexible organizational tools, supporting a search path to control schema resolution.
In contrast, MS SQL ties schemas more closely to ownership and permissions, without a search path mechanism. Default
schems for Postgres is public, and for MS SQL is dbo.

However, crucial namespacing differences appear on a lower level — code level. In MS SQL, a function can have a
parameter with the same name as a column in a table. To distinguish between them, different syntax is used: square
brackets [var] refer to a column, while @var refers to a parameter. PostgreSQL does not have this distinction. If a
parameter shares a name with a table column, you must explicitly prefix the column with the table name, like table.var.
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The creation and manipulation of data and database objects in both MS SQL Server and PostgreSQL are largely
similar, as both conform to the SQL standard. Data Definition Language (DDL) commands like creating tables, indexes,
and constraints follow comparable syntax in both systems. Likewise, Data Manipulation Language (DML) operations
such as inserting, updating, and deleting data also use similar SQL statements.

Each RDBMS provide data types to represent common concepts such as strings, numbers, dates, and more. However,
the exact names, syntax, and sometimes the semantics of these types differ between the two systems. The table 4.3
summarizes typical data types and their equivalents in each database [6], [1], [14], [15].

Table 4.3. — Naming of common data types in PostgreSQL and MS SQL

Concept PostgreSQL Types MS SQL Types

String or text VARCHAR(n), TEXT VARCHAR(n), NVARCHAR(n), TEXT

Integer SMALLINT, INTEGER, BIGINT TINYINT, SMALLINT, INT, BIGINT

Boolean BOOLEAN BIT

Date and time DATE, TIMESTAMP, TIMESTAMPTZ, | DATE, DATETIME DATETIMETZ, SMALLDATETIME,
TIME TIME

Binary BYTEA VARBINARY, IMAGE

Unique indetifier UNIQUEIDENTIFIER UUID

In MS SQL Server, VARCHAR represents variable-length non-Unicode strings, while NVARCHAR stores variable-
length Unicode strings. PostgreSQL’s VARCHAR and TEXT types support Unicode by default, so there is no separate
NVARCHAR type.

Regarding binary data, MS SQL Server uses types such as BINARY, VARBINARY, and the deprecated IMAGE for
storing fixed-length and variable-length binary data. PostgreSQL uses a single binary data type called BYTEA (byte
array) to store binary large objects (BLOBs).

Operators in PostgreSQL and MS SQL Server share many similarities due to their SQL foundations, but there are
notable differences in syntax and available functionality that affect how certain operations are performed.

For example, string concatenation uses different operators: PostgreSQL uses ||, while MS SQL Server relies on the +
operator. Both systems support standard logical operators such as AND, OR, and NOT. However, their bitwise operators
differ slightly, with MS SQL Server using &, |, and *, and PostgreSQL using &, |, and #. In pattern matching, PostgreSQL
provides the ILIKE operator for case-insensitive matching, whereas MS SQL Server achieves this through the LIKE
operator combined with collation settings.

PostgreSQL offers some distinctive features not found in MS SQL Server, including native array operators (@>, <@,
&&) for working with array data types, and a rich set of JSON operators (->, ->>, #>, #>>) that simplify querying and
manipulating JSON data directly within SQL queries.

Both PostgreSQL and MS SQL Server support user-defined functions for encapsulating reusable logic. In both
systems, functions are declared with input parameters, a return type, and a body enclosed in BEGIN and END. They can
be used in queries, procedures, and triggers for calculations or transformations.

A key difference is in the declaration details. PostgreSQL requires specifying the language with a LANGUAGE
clause (commonly plpgsql), due to its support for multiple procedural languages. It also allows named and default
parameters, as well as function overloading. MS SQL Server assumes T-SQL, does not support overloading, and has
stricter rules for parameters.

Function types also vary. PostgreSQL uses a unified CREATE FUNCTION syntax for returning scalars, sets, or
records. MS SQL Server distinguishes between scalar and table-valued functions with different structures. Additionally,
in MS SQL Server, stored procedures can return output parameters, allowing them to pass values back to the caller,
whereas in PostgreSQL, procedures do not return values directly—only functions can return results, and procedures are
used purely for executing commands.

Within triggers, the special variables representing the modified row differ in naming conventions between MS SQL
and PostgreSQL. Each system uses distinct identifiers to refer to the row data before and after the triggering event.
PostgreSQL uses simplified names: NEW and OLD. MS SQL uses more verbose: INSERTED, UDPATED, DELETED.

The process of creating triggers also varies. In MS SQL, a trigger can be created with a single statement, however,
PostgreSQL requires a two-step approach: first, a function that defines the trigger logic must be created, and then a trigger
must be created that references this function. This difference makes trigger creation in PostgreSQL slightly more verbose.

The last crucial difference between the RDBMSes are types of indexes supported. MS SQL provides both clustered
and non-clustered indexes. PostgreSQL, by contrast, offers a single type of index structure, with additional options like
B-tree, hash, and others, but the concept of clustered versus non-clustered indexes as in MS SQL is not present.

4. CONSLUSIONS

This paper presents a detailed comparison of two major database systems: Microsoft SQL Server and PostgreSQL.
We looked at these systems from multiple angles, including where they can run, what tools they offer, how they handle
data, and their programming languages.

The two systems have very different backgrounds. Microsoft SQL Server started in 1989 as a commercial product
built on Sybase technology. Microsoft has kept developing it as a paid, proprietary system that works well with other
Microsoft products. PostgreSQL began in 1995 from university research at UC Berkeley. It grew out of the earlier
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Postgres project and became a free, open-source system maintained by volunteers worldwide. This difference in origins
- commercial versus academic - has influenced how each system developed and who uses them.

Our literature review shows that few academic studies directly compare PostgreSQL and MS SQL Server, particularly
within the Ukrainian research context. Most papers that reference these databases employ them as tools for other research
rather than examining the databases themselves. We identified some valuable studies on PostgreSQL's transaction
handling and broader comparisons of database performance, but direct comparisons between these two systems remain
limited.

We established a systematic framework to compare the databases across four main areas: usage patterns, access
methods, programming syntax, and database features. This approach enabled us to build a comprehensive comparison
covering platform support, available tools, data handling, SQL compliance, data types, operators, and advanced features
like functions and triggers.

Our comparison revealed many similarities between the two systems. Both follow SQL standards well and handle
basic data operations in similar ways. Both offer comprehensive tools for database management, including graphical
interfaces and command-line options. They also both support important features like custom functions, stored procedures,
triggers, and multiple databases on one server.

The differences reflect their distinct origins and target users. PostgreSQL runs on more operating systems and
hardware types because it's open source, while SQL Server was traditionally Windows-focused (though it now supports
Linux too). The systems handle data types differently, especially for text encoding and binary data. They also use different
syntax for some operations - PostgreSQL has unique features like built-in array and JSON support, while SQL Server
offers different indexing options.

Based on our analysis, we recommend SQL Server for environments where Microsoft products are already established,
as it integrates smoothly with that ecosystem. For most other applications, PostgreSQL offers better value due to its free
licensing, broader platform support, and extensive capabilities. From an educational perspective, we strongly advocate
for integrating PostgreSQL and other open-source database systems into university curricula. This integration would not
only provide students with industry-standard alternatives but also reduce institutional costs. Given the underrepresentation
of open-source alternatives in many Ukrainian universities, incorporating PostgreSQL into database courses would
prepare students for the technology variety they will encounter in their professional careers.

This study adds to the small amount of academic research comparing these important database systems in Ukrainian
science. While we focused on qualitative comparison, future work should include performance testing and benchmarking
to provide quantitative data alongside our findings.
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