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Abstract - In this article, the I explore the theories and
approaches required to develop highly available architectures
for SQL Server and PostgreSQL database technologies. They
are critical for the current applications that require high
availability, low service interruptions and superior failure
recovery mechanisms. Starting from clustering, replication,
and high availability groups used in SQL Server and
PostgreSQL, it is possible to control large amounts of data and
organizational integrity in the course of its processing. This
paper examines these intrinsic characteristics and examines
horizontal and vertical scaling mechanisms for built-in
capabilities and more for adapting system capabilities for
dynamically changing workloads. Furthermore, the failover
configurations for both of the databases are discussed to show
how failure can be handled to prevent significant loss of
business hours.

A major goal of this work is to present the reader with a
detailed comparison of high-availability architectures
implemented in SQL Server and PostgreSQL. The article also
contains examples of the use of such solutions, their
application areas, and performance characteristics. For this
reason, the functionality of SQL Server’s Always on Availability
Groups and PostgreSQL’s streaming replication is investigated
closer to determine their effectiveness for disaster recovery
and read-write split. Outcome of the data provides a yardstick
against which specific results for recovery time, transaction
latency and resource consumption can be benchmarked. The
analysis of the theoretical findings and the empirical
evaluation shall provide architects and engineering
practitioners with the means for designing highly available
and resilient systems that best address their needs.

Key Words: High Availability, SQL Server, PostgreSQL,
Scalability, Resilient Systems, Fault Tolerance.

1.INTRODUCTION

1.1 The Role of High Availability and Scalability in
Modern Systems

Availability and scalability are two of the most important
requirements of the current digital world, as they provide the
assurance of continuous data availability and the capabilities
to support increased demand. As organizations start to
incorporate more informational support in the management
and operations decision-making processes and focus more on
real-time analytics, databases are found to be the foundation

of many Information Technology environments. Such systems
must be assured of high availability, fast failover, and fluid
horizontal scaling for handling variable workloads. [1-4] As
organizations emphasize customer value and organizational
effectiveness, high availability becomes significant for
reducing downtimes, whereas scalability contributes to
business development and technology enablers. SQL Server
and PostgreSQL are two of the most vital DBMSs which have a
presence in large organizations to fulfill these requirements
efficiently.

1.2. Objectives of the Study: SQL Server and
PostgreSQL’s High Availability Comparison

The goal of this research is to presenta critical assessment of
HA architectures as well as scalability aspects offered in SQL
Server and PostgreSQL. In doing so, the research aims to
shed light on the best practice considerations in their
embedded tools and higher-tier configurations to improve
the ability to achieve and maintain resiliency and
dependability under the broad spectrum of operating
environments. One of the focal points is comparing practical
cases involving disaster recovery, fault tolerance, and load
management to find out which platforms are more suitable
for given concrete conditions. Furthermore, the goal of the
comparative analysis is to determine the strong and weak
features in each case, as well as the exclusive benefits that
will be useful for system architects.

1.3. Scope of Exploration: Methods of Clustering,
Replication, and Sharding Techniques

This paper discusses most of the features supported by SQL
Server and PostgreSQL, focusing on clustering, replication,
and sharding. These techniques are the essential
requirement to achieve high availability and scalability that
allow systems to manage to distribute the load, copy data on
the nodes, and continue functioning during failures. The
work goes deep into exploring Always-On Availability
Groups in SQL Server and streaming replication from
PostgreSQL along with the next generation solutions like it,
logical replication, and distributed database patterns.
Through this analysis of the method of use of these features
in cloud-native, hybrid, and on-premises landscapes, passive
audiences understand how these databases meet modern
enterprises’ needs.
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2. LITERATURE SURVEY
2.1. High Availability in Database Systems
2.1.1. Definitions and Metrics

In database systems, HA is the setup that ensures that a
system’s availability is not compromised by components
breakdowns or maintenance. [5-8] three specific indices that
can be calculated for HA are as follows: uptime percentage
(for example, five nines or 99.999 percent), mean time to
recovery (MTTR), and failover time, all of which contribute to
a system’s dependability. These metrics are important in
online retail, banking, and several other industries, where
availability directly equates to revenue and otherwise,
affecting critical services.

2.1.2. Evolution of HA Mechanisms

HA mechanisms have already moved beyond individual,
simple systems with limited backup functionality into a
markedly distributed environment based on clustering and
replication. Originally, business continuity was responded to
by periodic backups, and failover measures were arranged
manually. The next steps appeared to be active-passive
clustering, active-active clustering, and multi-master
replication, providing real-time data change synchronization
and automatic recovery. With the evolution of cloud
computing, the use of elastic and geography-dispersed HA
strategies has also increased significantly.

2.2.SQL Server in High Availability
2.2.1. Failover Clustering

Failover clustering is one of the key solutions implemented in
Microsoft SQL Server for HA. Failover clustering is based ona
shared disk where a computer group functions as a single
unit. If the primary node is not readily available, the
additional node takes the workload without hassle. A flexible
single-master has a single source of truth and is
transactionally consistent, although it needs plenty of
hardware resources and calibration.

2.2.2. Always On Availability Groups

Always on AGs is a subsequent workload for HA developed to
work with SQL Server to replace the traditional clustering.
For the databases, AGs permit keeping multiple copies both in
one or different nodes with the availability to configure
synchronous and async replication. This configuration allows
faster failover, read-intensive load distribution, and recovery,
with up to five simultaneous synchronous copies and
improved RTOs. Always On AGs also enable the Quorum
readable secondaries, which enable huge scalability in read-
intensive workloads.

2.3. PostgreSQL in High Availability
2.3.1. Streaming replication

Based on the type of replication, PostgreSQL’s streaming
replication is one of the critical HA implementation facilities.
It entails the regular copying of data from a master or
primary server to another or multiple secondary or standby
servers in real-time or nearly so. In the case of standby
servers, these viewers can be set to hot standby or warm
standby kind, in which the original versions are either
readable or not. It utilizes a Write-Ahead Log (WAL) to
capture all transactions and replicate them in case of failure.

2.3.2. Logical Replication

Logical replication is also a more recent feature in
PostgreSQL that provides an additional option for streaming
replication. As with other forms of replication, while
streaming replication runs at the binary level, logical
replication occurs on the database level with respect to
individual tables or schemas. This facilitates data integration,
normally upgrading the version without closing the business
and multiple source replication. It is most beneficial for
maintaining heterogeneity or for integrating with third-party
systems.

2.4. Comparative Studies: SQL Server for High
Availability: An Overview of SQL Server &
PostgreSQL

Recent studies provide valuable insights into the comparative
strengths and weaknesses of SQL Server and PostgreSQL in
HA contexts:

o Performance: SQL Server has much-improved AGs,
which make failover much faster, while PostgreSQL
offers streaming replication similar to real-time
synchronization.

e Flexibility: Being an open-source solution,
PostgreSQL is extensible to the last degree, but SQL
Server is starched in comparison.

e Cost: SQL Server is not considered ideal for this
type of environment for enterprise features often
involve steep licensing fees compared to
PostgreSQL, which is open source developed.

e C(Cloud Integration: Both servers have strong
integration with the cloud platforms; however,
integration of the SQL server with Azure helps in
hybrid cloud migration more effectively than
PostgreSQL, which is compatible with AWS, GCP,
and other similar providers.

These comparative observations inform the decisions, the
technical need, cost control, and organizational experience.
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3. METHODOLOGY
3.1 System Design Approach

3.1.1. Architecture Overview of SQL Server and
PostgreSQL for High Availability

The high availability architectures of SQL [9-12] Server and
PostgreSQL for system design include highly reliable designs
with low measure failover in failures.

e SQLServer HA Architecture: With HA, SQL Server
encompasses elements such as Always-On
Availability Groups (AGs) and failover clustering. In
AG-based architectures, database copies are always
maintained on different nodes. Synchronous
replication guarantees data integrity, and
asynchronous replication is suitable for
geographically diverse systems. Readable
secondaries can take up read-intensive patterns,
freeing up the principal server. The latter
architecture is particularly useful in use cases
where operational continuity and failover
mechanisms and data security are essential.

e PostgreSQL HA Architecture: The Primary HA
strategy in PostgreSQL is streaming replication,
followed by logical replication and tools such as
Patroni or pg-auto-failover for automated failover.
The primary node copies data to sponsors in real-
time, being Write-Ahead Logs (WALs). To distribute
the read queries, there is the use of load balancers
such as HAProxy. The architecture of PostgreSQL is
quite elastic to be incorporated with distributed
systems and half-baked environments.

3.1.2. Hybrid Cloud and On-Site Configuration

The methodology also considers deployment scenarios in
hybrid cloud and on-premises environments:

e SQL Server in Hybrid Cloud: Even then, it works
hand in hand with Azure to allow cloud backups,
geo-redundant replicas, and hybrid environments
where the copy stays on-premises and the working
data is in the cloud.

o PostgreSQL in Hybrid Cloud: Today, PostgreSQL
supports deployment at multiple providers,
including AWS, GCP, and Azure, with open-source
tools allowing for replication from on-premise to
the cloud. This arrangement guarantees data
availability and happens to be backup while at the
same time avoiding the risk of being tied with the
vendor.

3.2. Experimental Setup
3.2.1. Tools and Configurations Used

The experiments involve deploying SQL Server and
PostgreSQL with their respective HA configurations:

e SQL Server Tools: Also known as Always-On
Availability Groups, SSMS (SQL Server Management
Studio) and WSFC (Windows Server Failover
Clustering).

e PostgreSQL Tools: For streaming replication,
Patroni is used for failover automation, pgAdmin is
used for monitoring, and HAProxy is used for load
balancing.

3.2.2. Hardware and Software Specifications

The hardware setup includes servers equipped with the
following:

e Processor: Intel Xeon E5 series - (2.4 GHz, 8 cores).

e Memory: 64 GB RAM.

e Storage: Firmware for improved read/write
activities (1TB on every server)

e Network: 1 Gbps Ethernet.

3.2.3. Software versions

e SQL Server: For x32: Microsoft SQL Server 2022
Enterprise Edition.

e PostgreSQL: PostgreSQL 15.

e Operating Systems: That's why we will be using
Windows Server 2019 for SQL Server and Ubuntu
22.04 for PostgreSQL.

3.3. Testing Scenarios
3.3.1. Simulated Failure Modes

To evaluate HA effectiveness, various failure scenarios were
simulated:

e Node Failure: Sudden switch off of the main server
to evaluate the ability of a standby server to
perform the functions of the main server.

e Network Partition: Artificial network disruptions
for replication recovery analysis.

e Disk Failure: We also examine how the data is
handled in case of storage corruption of the primary
server.
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3.3.2. Load Testing Configurations

Load testing was conducted to measure system performance
under varying workloads:

o Read-Heavy Workloads: Some questions were
posed to read replicas to assess the effectiveness of
load distribution.

e Write-Intensive Workloads: /0 read operations
like insert, update, and delete were performed to
put pressure on the primary master server and, at
the same time, measure replication lag.

e Concurrent Workloads: Both read and write
operations within the database were performed
concurrently in order to imitate real-life cases.

Parameters including latency, throughput, recovery time,
and replication lag were used to evaluate the functionality of
SQL Server and PostgreSQL HA configurations during the
different test scenarios.

3.4. High Availability Architecture for SQL Server
and PostgreSQL

High Availability Architecture for SQL Server and PostgreSQL

Application Layer

APl Gateway Web Server
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Fig.1: High Availability Architecture for SQL Server and
PostgreSQL

The figure shows how to build a High Availability (HA) of
systems utilizing SQL Server and PostgreSQL. You learn how
the various components and how [13-15] they interrelate in
order to address issues to do with scalability, fault tolerance,
and resiliency.

e Application Layer: Starting with API Gateway and
Web Server, it encompasses the application layer
that deals with the user request. This layer
communicates the incoming queries to the right
database with the help of Load Balancer.

e Load Balancer: There is a load balancer here,
which helps to distribute read and write queries to
the high-availability database modules, for example,
Azure Load Balancer or HAProxy.

e SQL Server HA Module: This module has an active
Node known as the Primary Node and a passive
Node known as the Secondary Node. Write queries
are targeted to the primary node while the
secondary node is on standby and used in case of
node failure. This must always remain available
using the SQL Server AlwaysOn Availability Groups
or Windows Server Failover Clustering (WSFC).

e PostgreSQL HA Module: About PostgreSQL, there
is a Primary Node and Replica Nodes with numbers
(for instance Replica Node 1 and Replica Node 2).
The primary node is responsible for writing queries,
while each replica node is responsible for the read
queries, and it increases performance and
scalability. pg auto_failover and Patroni are the
tools for monitoring and automated failover in this
module.

e Monitoring and Failover Mechanisms: This
includes Patroni for failovers and pg_auto_failover
for PostgreSQL, SQL WSFC for dessert, or SQL
Server WSFC. These tools continually monitor the
health of the system and initiate failover operations
in the event of a primary node crash, all in support
of failover to a failed node.

It describes how to design architecture for implementing a
proper database infrastructure for using this kind of
architecture that can ensure highly available, pending and
scalable whenever failing or even at times of high workload
using SQL Server & PostgreSQL.

4. ALGORITHIMIC REPRESENTATION
4.1. Failover Mechanism

The failover mechanism provides that operation in the
database systems will be immediately handed over to the
standby node in the event of a node failure. [16-19]
Specifically, SQL Server Always-On and PostgreSQL
replication algorithms are redrawn to mirror failover and
data synchronicity.

4.1.1. SQL Server Always-On Failover Algorithm

e Health Monitoring: The health of the primary
replica is checked every now and then through a
quorum-based system. It uses Windows Server
Failover Clustering (WSFC) to monitor heartbeats
between nodes.

e Failure Detection: When the first copy becomes
unavailable, WSFC recognizes the failure through
lack of a quorum or no signals or heartbeats from
the failed copy.
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o Failover Trigger: Trips the node into synchronous
failover and to the secondary replica, configured for
replication with no data loss. In the case when there
is no synchronous replica, then asynchronous
replicas are considered for failover.

e State Transition: The chosen replica takes over the
primary role and has to report its status in the
cluster. From there, one is pointed to the new
primary either through connection strings or
listener endpoints.

4.1.2. PostgreSQL Streaming Replication Failover
Algorithm

e Primary Node Health Check: Manages the main
server by employing Patroni or pg_auto_failover.
Health checks define the ability to respond and
replication delay.

e Standby Readiness Assessment: Standby servers
are always refreshed by Write-Ahead Logs(WALSs).
The selection of a candidate for failover is
determined based on two factors: replication lag
and readiness.

o Failover Execution: Italso ensures that the failover
tool will automatically have to make the selected
standby a primary if the primary fails. Changes are
synchronized with other standards so that they are
transformed into secondaries.

e (Client Reconnection: HAProxy or an application-
side load balancer informs us that they changed the
routing to the new primary node.

4.2. Load Balancing

Another criterion for load-balancing distribution in
distributed databases is dynamic load, which keeps
workloads balanced between nodes and eliminates
overloaded ones. Specific load-balancing algorithms in SQL
Server and PostgreSQL are implemented based on the
architecture of both systems.

4.2.1. Dynamic Load-Balancing Algorithm for SQL
Server

e Workload Monitoring: For each node in the
Availability Group, the CPU usage, the memory
utilization, and the number of queries per second.
Performs query direction with regard to the type of
workload involved, read-only or write-only.

e Request Allocation: Secondary replicas are used
for read queries via the listener endpoint, which
distributes requests in accordance with their load
and availability. For write queries, requests are only
made with respect to the primary replica.

e Adaptive Rebalancing: Allows the movement of
task loads in response to changes in node capability

states. Uses limits relating to resource consumption
so that none of the nodes become overloaded.

o Failover Load Redistribution: During failover, all
traffic is routed to the new primary while the
secondary replicas are redirected for readings.

4.2.2. Dynamic Load-Balancing Algorithm for
PostgreSQL

e Health and Load Monitoring: Monitoring of
connection pools, the utilization of resources, and
the state of replicas is possible with the help of tools
such as PgBouncer or Pgpool-II.

e Query Type Identification: A query is precompiled
and classified as read-only and write or highly write
operations at runtime.

e Dynamic Query Routing: Read-only queries are
sent to replica nodes based on a weighted round-
robin or, atleast, connection algorithms. In order to
keep the writing of the two queries consistent,
direct write queries are sent to the primary.

e Replica Rebalancing: If the replica becomes too
loaded, the algorithm decreases the number of
queries the replica will handle until this becomes
balanced.

o Failover Adaptation: During failover, modify the
routing to point to the new primary and re-partition
read load among remaining replicas.

5. RESULTS AND DISCUSSION
5.1. Comparative Performance Analysis

The benchmark and the SLAs differentiating the capabilities
of SQL Server and PostgreSQL on sets built for HA are largely
expressed in latency, throughput, and recovery time. These
metrics were recorded under controlled circumstances to
compare objectively their HA mechanisms.

Table 1: comparison between SQL Server and

PostgreSQL
Feature SQL Server PostgreSQL
Failover Time 10 seconds 12 seconds
Read/Write 8 ms 7 ms
Latency
Scalability High (clustering High (logical
support) sharding)

5.1.1. Failover Time

By comparing SQL Server, Always-On Availability Groups
had a faster failover time of 10 seconds than PostgreSQL
with 12 seconds. This difference is due to the integrated
failover clustering of SQL Server and connection through
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listener-based redirection. Although PostgreSQL failover is
covered by some heave tools like Patroni or pg_auto_failover,
itis slightly slower than the above processes due to external
program orchestrations and write-ahead log-based
synchronization.

5.1.2. Read/Write Latency

The read/write latency of PostgreSQL was slightly lower
than that of SQL Server (7 ms / 8 ms) due to PostgreSQL’s
lightweight architecture and the good performance of WAL.
Although slightly slower than Oracle, it had up-to-date query
optimizing and indexing abilities, making it more suitable for
heavy workloads.

5.1.3. Scalability

Both systems were observed to poss high scalability
although the manner in which the latter was achieved
differed. It leverages clustering and readable secondary
replicas in Always ON AGs to address the growing workload
on SQL Server. Equality is gained in PostgreSQL by logical
replication and sharding, which horizontally distribute data
into multiple nodes.

5.1.4. Analysis of Results

Both systems proved excellent in stabilizing an HA
environment. However, SQL Server was faster in failover and
better integrated into the application environment, which
makes it ideal for applications with low SLAs for downtime.
PostgreSQL offers lower latency and a relative advantage in
the value gained from scale than other common options,
which will surely interest higher-budget organizations.

5.2. Cost-Benefit Analysis
5.2.1. Operational Cost Analysis

e SQL Server: However, the licensing costs of SQL
Server, particularly the higher-end Enterprise
edition needed for the most sophisticated HA
structures, are considerably higher. For instance,
the licensing of the nodes is required in AG Always
On deployment, making it a rather expensive
solution. Also, SQL Server integrates with Windows-
based environments, leading to higher operational
costs regarding required platforms and specialist
human capital.

o PostgreSQL: Compared to proprietary databases,
PostgreSQL is open-source software, meaning it
costs less because you don’t have to pay license fees.
Aggregate running costs are considerably lower,
mainly in the cloud or hybrid setup, as it is
compatible with numerous OSs and utilities.
However, organizations relying on this database,
aside from the commercial support offered by any
third-party service provider, may face high costs for

extending their enterprise-level support to a 24/7
basis.

5.2.2. Cost-Performance Trade-off

Thus, if any organization is focused on HA, then SQL Server
will definitely provide more extensive tools for this;
however, these tools will cost more than Sybase, which again
may not be profitable for SMBs. The combination of
PostgreSQL’s capacity and cost implications makes it more
appropriate for organizations with small budgets.

5.3. Challenges and Trade-offs
5.3.1. SQL Server Challenges

e Cost: Licensing costs are yet another issue,
especially the high fees that help prevent small
organization solutions.

e Vendor Lock-In: Since the idea relies very much on
business and service offerings deeply linked to
Microsoft, this model normally creates a
dependency which might reduce flexibility.

e Platform Limitations: Although strong, it has
clustering and HA features, such as fine-tuning and
management, which can be very demanding, time-
and resource-consuming.

5.3.2. PostgreSQL Challenges

e Complexity in Setup: Despite basic HA
configurations, it is important to consider
preferences like logical replication and sharding,
though it is complex to implement them.

o Failover Delays: Reduced failover rates might be a

point of consideration for highly critical
applications that cannot afford the split-second
performance.

e Third-Party Dependence: Sometimes, it requires
third-party solutions, such as Patroni, for better HA,
which complicates the solution architecture.

5.3.3. Trade-offs in Real-World Scenarios

o Flexibility vs. Ease of Use: This, in turn, is a
positive since PostgreSQL is more flexible than
MySQL because of the open-source approach, but it
is also more complex. In turn, SQL Server offers less
flexibility when compared to PostgreSQL, although
the work with the platform is more united and
smoother.

e Performance vs. Cost: As with almost any feature
in SQL Server, the platform’s HA capabilities are
better but costlier compared to PostgreSQL, which
offers similar functions albeit with slightly longer
failover time than MS SQL.
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So, by acknowledging these issues and decisions, system
architects can select the databases that satisfy the
organizational goals and objectives, current workload, and
financial capabilities.

6. CONCLUSION

SQL Server and PostgreSQL have been rated the most
efficient DBMS for HA and scalability, providing sound
infrastructures for meeting today’s application needs. SQL
Server can be fantastic with its management tools, easy
failover systems, and suitable integration into Microsoft
solutions like Azure. It's good for organizations that require
easy administration as well as fast disaster recovery
solutions since it contains these characteristics. On the other
hand, PostgreSQL remains an open-source database system,
and tuning options are manifold and versatile. Its flexibility
to work and interact with various systems makes the DB a
solution of preference, especially for organizations that are
conscious of costs and desire particular topologies.

Both systems are excellent, with the choice between weaning
and hinging on the organization’s needs, capacity, and
budget. SQL Server fits into enterprise companies that need a
full suite with no further work, while PostgreSQL fits
organizations that need an open-source, affordable platform
to work with. Further enhancements in leveraging Al for
fault tolerance, dynamic load balancing, and security will
only push the bar even higher and lock these databases as
essential building blocks of any modern, robust, and efficient
systems.
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