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Abstract:

The tradeoff between speed and consistency is a fundamental architectural challenge in
modern and highly regulated data-intensive systems such as FinTech. This paper presents
a thorough comparative study of Aerospike, a high-throughput NoSQL database, and
traditional Relational Database Management Systems (RDBMS) Oracle and PostgreSQL.
This report evaluates five critical dimensions—Ilatency, throughput, consistency models,
scalability, and indexing strategies—to understand these systems' tradeoffs and
technological differentiators. With tunable consistency and in-memory indexing,
Aerospike's hybrid memory and SSD architecture provide sub-millisecond response
times without sweat. While traditional RDBMS are excellent sources of ACID-compliant
consistency and support complex queries, they also suffer from latency and scalability
when performed in a distributed environment. By benchmarking YCSB and Aerospike
ACT tools with real FinTech use cases, including fraud detection, trading systems, and
risk analytics, the report quantifies performance differences and operational efficiencies
in the real world. Industry leaders' insights and case studies, like PayPal's use of
Aerospike for real-time fraud detection, enumerate how achieving high throughput, low
latency, and low cost is practically possible. The study also discusses best practices for
modeling, deploying, and monitoring Aerospike-based architectures and future trends
such as HTAP capabilities, edge computing, and integration of AI/ML at the database
layer. Empirical results and expert perspectives offer actionable insights for decision-
makers addressing the speed—consistency tradeoff within performance-critical systems.

1. Introduction

Speed vs. Consistency Dilemma
The problem of balancing

decentralizes and systems scale, this trade-off
becomes more complicated.

An e-trade trade offer exists between the FinTech
industry and other high-performance computing
environments. In these sectors — real-time fraud

speed and data

consistency in distributed computing environments
has been a long-standing problem. Most
prominently, this conflict is captured by the CAP
theorem, which says any distributed system can only
achieve two attributes. Consistency, Availability,
and Partition Tolerance. Partition tolerance is a non-
negotiable part of modern distributed systems
(especially systems that span geographic regions),
but the real trade-off is between consistency and
availability. This directly influences system speed
since maintaining consistency inevitably incurs
latency due to node synchronization needs. This is a
constant problem for real-world systems. On the
other hand, systems optimized for speed may permit
consistency transitory inconsistency, provided they
can assume eventual consistency suffices in the
application's  requirements. As more data

detection, algorithmic trading, and digital wallet
transactions — ultra-low latency responses (within
sub milliseconds) are needed. They must guarantee
high data consistency because of the regulatory,
auditability, and financial integrity requirements.
Sarbanes-Oxley (SOX), Basel III, and the Payment
Card Industry Data Security Standard (PCI DSS)
enforce strict accountability and traceability of data,
forcing developers to choose architectures that do
not compromise on the former at the expense of the
latter. FinTech solutions are moving toward cloud-
native and distributed infrastructures, which
inherently raise the bar of ensuring the software is
both fast and consistent

Relational database management systems like
Oracle, SQL Server, and PostgreSQL have been the
workhorses of enterprise data infrastructure for years
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now. These systems, designed to follow ACID
(Atomicity, Consistency, Isolation, Durability)
compliance, guarantee strict consistency and
transactional integrity. Modern NoSQL databases
like Aerospike prefer availability, scalability, and
performance, offering defensible consistency to suit
varied applications, including FinTech, based on
particular system needs.

This article compares Aerospike with traditional
databases, trying to make a technical and practical
comparison of the Aerospike speed vs. consistency
dilemma. This study presents a logical progression,
starting ~ with  research  methodology, then
architectural comparisons, performance
benchmarks, use in FinTech scenarios, and a real-
world case study. It also presents best practices,
common challenges, and future trends. It is designed
to provide practical learning for database architects,
systems engineers, and CTOs steering their ships
toward these changes in the data landscape.

2. Materials and methods

2.1 Scope of Research and Comparative
Framework

This study does a comparative analysis to analyze
both the practical performance and architectural

differences between Aerospike (a high-performance,
real-time NoSQL database) and traditional
Relational  Database =~ Management  Systems
(RDBMS), PostgreSQL, Oracle, and MySQL. The
research considered five technical parameters most
important to high-demand environments — latency,
throughput, consistency models, scalability, and
indexing capabilities- and used these parameters to
establish a fair and relevant evaluation framework.
The latency of read and write operations was
analyzed in terms of the time taken to complete those
operations on a given load, expressed in several
microseconds or milliseconds (Zhao et al., 2021).
The throughput measured the number of transactions
(operations or queries) performed by the databases
per second at peak and sustained levels, a necessity
for high-frequency trading, fraud detection, and real-
time recommendation systems prevalent in rougher
and smoother applications of FinTech. The study
assessed how consistency models affect data
correctness in distributed setups, comparing
Aerospike and traditional databases on scalability,
throughput, latency, and consistency using real-
world benchmarks for both vertical and horizontal
performance.

Table 1. Benchmark Workload Configuration

Workload |Operation Mix Read/Write Ratio | Target System Use Case Simulated
Update heavy [50% Read / 50% |PostgreSQL, .
A workload Write Aerospike Fraud Scoring
B Read mostly workload [95% Read / 5% Write| Oracle, Aerospike User Profile Access
. Risk  Model  Execution
- 0,
C Read-only workload |100% Read Aerospike (OLAP)

2.2 Data Sources and Tools Used

The comparative study combined quantitative
benchmarking  tools, internal  performance
monitoring systems, and publicly available vendor
documentation. The benchmark used was the
Yahoo! YCSB Cloud Serving Benchmark. YCSB
allows for standard evaluation of NoSQL and
RDBMS performance under similar conditions by
providing a method to simulate workloads like those
found in real-world applications. Aerospike and
traditional databases were similarly run to execute
YCSB workloads A, B, and C in the read/write mix
and read and update heavy scenarios. Beyond
YCSB, Aecrospike's ACT tool (Aerospike
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Certification Tool) was used to test SSD storage and
device performance on the SSDs and understand
what infrastructure is needed and what behavior the
disks exhibit under extreme load.

Key secondary sources for the analysis were vendor-
provided performance whitepapers and technical
documentation. Similar permissions, date ranges,
and partitions were also leveraged from
PostgreSQL's community documentation and
Oracle's Exadata performance briefs to capture
RDBMS configurations and tuning dimensions of
enterprise workloads. Performance data from
anonymized FinTech, e-commerce, and telecom
environments were monitored using Prometheus,
Grafana, and New Relic (Leppénen, 2021).
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Figure 1. Performance and Scalability Tactics Architecture (PaSTA) middleware with reconfiguration layer.

2.3 Expert Interviews and Industry Reports

To gain additional qualitative coloring, interviews
were conducted with database architects, DevOps
engineers, and FinTech CTOs, who have firsthand
experience  operationalizing  Aerospike  and
traditional databases in live production. These
interviews revealed not only the raw performance of
each of these technologies but also the operational
and human factors that affect deployment decisions.
Gartner's Magic Quadrant for Operational Database
Management Systems and Forrester's Wave Report
on NoSQL Databases yielded additional insights
based on Aerospike's high-speed, highly available,
and scalable positioning. According to the reports,
RDBMS solutions are still doing a good job in
structured transactional systems, but NoSQL
solutions like Aerospike are becoming increasingly
important for high-volume, high-speed use cases
(Lathar et al., 2018). The comparison study focused
on how organizations should balance speed,
consistency, cost, and operational complexity-
specific application needs.

3. Results and discussion

Present the new knowledge that the original research
revealed, providing the information in a clear,
objective and impartial manner without interpretive
elements. Include the results obtained in the research
that respond to the objective set in the work. The
most important results at a statistical level should be
briefly described. Tables and figures can be included
that expand the results without in any case
duplicating or repeating the data and what is stated
in the text. As the results are shown, interpreted and
analyzed, they are discussed, supported by other
previously published studies, or using some well-
founded criteria. You should discuss the results with
the authors cited in the introduction; you may also
expand the analysis with other reliable sources. They
must be written in the past tense. Thus, this section
presents current evidence, its strength, and quality,
with clear subheadings; poor-quality evidence must
be clearly noted.
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The titles of the subsections in the text will be
numbered progressively as considered necessary, up
to the third level, as shown below:

3.1 Architectural Differences:
Traditional Databases

Aerospike vs

In this realm of high-performance and scalable data
architectures, the architectural design of a database
for a particular workload is an important factor in its
suitability. Aerospike is a modern NoSQL key-value
store optimized for speed and scalability. It differs
dramatically  architecturally from traditional
relational database systems (RDBMS) such as
Oracle, MySQL, or PostgreSQL.

3.1.1 Storage and Data Model

Aerospike's architecture is designed to drive
maximum throughput and low latency with a hybrid
in-memory and SSD-optimized storage model. In
contrast, traditional databases use disk-based storage
using row store or column store formats. In
Aerospike, classes called namespaces (like schema)
and sets (like a table) are used to organize data, with
each record containing named bins (as fields or
columns. Due to this hybrid design, Aerospike can
retrieve data with low latency. It can use less RAM
than a purely in-memory database, making it suitable
for high-throughput applications where predictable
performance is necessary (Aerospike
Documentation, 2024. However, both the row- and
the column-store databases depend on disk I/O and
OS-level caching, resulting in latency and
performance variability. Aerospike also supports a
schematic design, where different records may be
stored in the same set.

3.1.2 Indexing and Query Execution

Another big difference in each system's architecture

is how each does index and query execution. Every

key point to its physical locati on in memory or on
disk and is maintained entirely in memory by
Aerospike. This allows the lookups of a single
record in constant time (O (1)) with minimal

involvement
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Table 2. Aerospike vs Traditional RDBMS.: Core Architectural Features

. Traditional RDBMS (e.g.,

Feature Aerospike PostgreSQL)
Data Model Schema-less, Key-Value Structured, Schema-based
Indexing In-Memory  Primary  Index,  Optional Disk-based B-tree, Bitmap

Secondary
Storage Hybrid Memory + SSD Disk-based Row/Column Store
g/[(z)r:icelirrency Optimistic, Record-level MVCC (Multi-Version Concurrency)
Join Support Not Native Full Join Capabilities

of the CPU. Aerospike's Primary key access patterns
are optimized for high-speed read/write transactions
in real-time systems.

Traditional RDBMSs struggle with uncertain
performance under load due to joins and securing.
Aerospike ensures low-latency, reliable responses
using in-memory cataloging and key-based access,
promoting programmers to optimize around primary
keys for steady, high- parallelism efficiency
(Harrison, 2015).

3.1.3Concurrency and Transaction Handling
Concurrency control and transactional integrity are
at the core of any database system, but Aerospikes'
mechanisms for ensuring these are wildly different
from those of traditional databases. Traditional
RDBMS performs well under these circumstances
by wusing multi-version concurrency
(MVCC), which allows multiple transactions to read

from the same snapshots while others write to the
same data. MVCC in systems like PostgreSQL
involves storing multiple versions of a record, and
behind the scenes, VACUUM-type processes
consolidate and reclaim space. Though MVCC
provides strong consistency and isolation, it is
accompanied by costs such as higher storage usage,
complexity in index maintenance, and latency under
write-heavy workloads (Rehrmann, 2023). In
optimistic ~ concurrency  control,  Aerospike
implements a model combined with referenced
isolation at a record level. Aerospike uses generation
numbers and a lock-free design to ensure efficient;
high-concurrency writes for scalable FinTech
workloads. The figure below illustrates the concept
of Multi-Version Concurrency Control (MVCC)

control used in traditional RDBMS systems like
PostgreSQL
Data

Record Record Record

Version 1 Version 2 Version 3

| —

Write I
at timestamp
t1

at timestamp

Write T
at timestamp
t1

Write [0

t

Process 1

Process 2

Process 3

Figure 2. A Guide to Concurrency Control Techniques in DBMS

4. Performance Metrics and Real-World
Benchmarks

With demands rising for high performance while

maintaining availability, consistency, and cost-

efficiency, modern database architectures are under

increasing pressure. In data-intensive environments
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like FinTech, where sub-ms decisions are a question
of profitability and compliance, it is much needed to
evaluate a database system's core performance
dimensions.

The figure below illustrates the key factors
influencing benchmarking and performance analysis
in high-performance systems
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Benchmarking and Performance Analysis

a The choice of risk-free rate

The frequency of return calculation

The impact of outliers

The etfect of diversification

Figure 3. Benchmarking and Performance Metrics

4.1 Latency and Throughput Comparisons

The most attractive thing about Aerospike is that it
consistently delivers low-latency reads and writes
under extreme workloads. This architectural design
shows read latencies remain within (sub) ms, with
response times down to 300 microseconds.
Conventional RDBMS offerings such as Oracle and
PostgreSQL are significantly slower and less
consistent. These systems make extensive use of
disk storage and relational schemas and, as such,
introduce intrinsic overhead to transaction logging,
locking, and page caching (Alvarez et al., 2022).
Running the Yahoo Cloud Serving Benchmark

(YCSB) with high-throughput write-intensive
workloads, PostgreSQL achieved average latencies
of 5 to 20 ms with varied loads, with Oracle's
latencies spiking to above 15 ms under similar stress.
Aerospike empowers batch reads and async
functions for high throughput, unlike RDBMS
which need expensive perpendicular expanding to
match performance. Skip all that by opting for
configurable consistency levels. This lets enterprises
choose strong consistency for mission-critical
operations like payment transactions but adopt
eventual consistency for high speed everywhere else.

Table 3. Latency & Throughput Benchmark (YCSB Results)

Database |Avg. Read Latency (ms) |Avg. Write Latency (ms)| Max Throughput (TPS)
Aerospike [0.3 0.5 1,200,000

PostgreSQL| 6.7 10.5 85,000

Oracle 5.9 8.2 90,000

4.2 Vertical and Horizontal Scalability
Scalability is central to modern data architecture,
and Aerospike excels with native horizontal scaling
via a shared-nothing architecture, minimizing
coordination overhead. New nodes can be added
seamlessly without downtime or re-sharding, thanks
to automatic data rebalancing and namespace
replication. In contrast, traditional relational
databases like PostgreSQL and Oracle scale
vertically and rely on complex extensions (e.g.,
Citus, RAC) for replication and sharding. These
often introduce configuration and maintenance
challenges.  Additionally, geo-distribution in
traditional systems typically requires third-party
tools, increasing latency and integration costs,
whereas Aerospike supports multi-site clustering
natively (Karwa, 2024).

4.3 Memory and Disk Efficiency
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Not only is Aerospike fast, but it is also storage
efficient. An in-memory indexing strategy is used so
that only critical meta-data remains in RAM and the
actual data is accessed from high peak performing
SSDs in a direct access layer. Disk utilization rates
are exceptional with Aerospike data compression
algorithms and minimal schema overheads.

From a cost perspective, Aerospike can run on
commodity hardware and not cost hair. Its
predictable memory-disk footprint allows for better
capacity planning hardware procurement in
alignment with DevOps and infrastructure-as-code
practices (Feil et al., 2024. Being a cloud-native
environment, Aerospike has a Kubernetes operator
and a low resource footprint, and traditional
RDBMS systems have issues with container
orchestration because of their monolithic and state-
heavy nature.

5. Data Consistency and Integrity
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5.1 Aerospike's Tunable Consistency

High-performance NoSQL database Aerospike has
unveiled a tunable consistency model that allows
database architects to choose between speed and data

integrity — two bottlenecks that all modern
distributed systems face. Unlike traditional ACID-
compliant systems that necessitate strong
consistency and the corresponding latency,

Aerospike supports both eventually consistent and
strongly consistent cases that developers can use
with application-specific service level agreements

(SLAs) to decide. Aerospike guarantees all reads
with strong consistency, giving the most recent write
for a given record. That is accomplished by a Paxos-
based consensus protocol that achieves consistent
and accurate views of data across partitions and
replicas (Carrara et al., 2020). Aerospike favors
speed with eventual consistency, ideal for
recommendation engines or caching, while strong
consistency suits fintech fraud systems needing
accurate, real-time data and reduced latency in
distributed environments.

Table 4. Tunable Consistency Options in Aerospike

Use Case Consistency Level

Aerospike Configuration

Fraud Detection Strong Consistency

write-commit-level: ALL, read-mode-AP: SC

User Session Management

Eventual Consistency

write-commit-level: MASTER, read-mode-AP: AP

Telemetry / Sensor Logs

Eventual Consistency

Relaxed Read + Async Replication

5.2 Traditional ACID Guarantees and Their
Limitations

Traditional RDBMS like Oracle and PostgreSQL

ensure strong data integrity through ACID

properties, making them ideal for banking, auditing,

ACID compliance becomes costly and complex.
Additionally, traditional databases lack structural
versatility for high- capacity, real-time analytics, and
dynamic inference workloads, where accessibility,
low latency, and adaptability are crucial (Yesin et al.,
2021; Raju, 2017).

and inventory systems. However, their rigid The figure below illustrates the ACID properties—a
transactional behavior incurs latency due to foundational concept in traditional relational
serialization and allocated commit procedures like database systems that ensures transactional
2PC. As systems scale horizontally, sustaining reliability and data integrity
ACID Properties
Atomicity Consistency Isolation Durability

Figure 4. ACID Property

5.3 Use Case Alignment: Choosing Based on SLA
When choosing Aerospike to design high-
performance data architectures, the cues are the
service level agreements (SLA) of application
responsiveness, availability, and data accuracy.
Seeing the trade-offs in the speed vs. consistency
dilemma does help architects make the right
decisions about trade-offs to meet business
objectives. For example, regulatory and operational
risks force financial transaction systems to have high
consistency requirements. Eventually, consistent
data is Aerospike's differentiator in such cases, as the
performance advantage comes without cost to
functional value. IoT and sensor-based systems
generate fast-changing data; aligning Aerospike’s
consistency settings with SLAs ensures low latency,
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efficient network use, and resilient, high-performing
application operations.

6. Use in Financial Technology (FinTech)
Environments

6.1 Regulatory and Compliance Requirements
Organizations working in financial technology
(FinTech) operate within a constrained framework
of regulatory and compliance standards that make
financial transactions secure, auditable, and
trustworthy. Two of the most important of these
standards are the Payment Card Industry Data
Security Standard (PCI DSS) and the Sarbanes-
Oxley Act (SOX), which place stringent demands on
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data governance, encryption, access control, and
traceability. For a long time, additional relational
databases have tended to their ACIACID- compliant
transaction model and mature auditing tools to
accommodate these regulatory needs (Islam, 2024).
Aerospike ensures deterministic behavior, audit-
ready logs, and traceable transactions, meeting strict

Policies \
Law —
Transparency /

v

Regulations

SOX compliance and forensic investigation

requirements efficiently (Zhang, 2020).

The figure below illustrates the components that
contribute to achieving compliance in modern data
systems, particularly in regulated sectors such as
FinTech

Requirements

Y o

R

SNa

Rules

Standarts

Figure 5. Navigating the complexities of fintech regulation

6.2 Sub-millisecond Trading Systems

Speed is one factor that must be considered in high-
frequency trading (HFT) and other time-sensitive
FinTech applications. To trade faster than
opponents, minimize arbitrage opportunity, and
maximize trading quality, financial exchanges, and
markets demand sub-millisecond latencies in which
trades can be executed. Under such stringent latency
requirements, traditional relational databases often
fail due to the overhead of locking, joins, and
transaction isolation levels. In these scenarios,
Aerospike's hybrid memory model, with indexes in
DRAM and data read directly from SSDs in a log-
structured file system optimized for low-latency
access, shines (Beineke et al., 2016). This design
allows Aerospike to deliver consistent sub-
millisecond read-write latency under extreme
throughputs. Aerospike integrates into the core
trading infrastructures of large FinTech firms and
digital banks precisely to fuel deterministic response
times and eliminate tail-latency spikes leading to
failed trades or compliance breaches. A Southeast
Asian stock trade embraced Aerospike, achieving
1M+ transactions/sec at <0.5ms latency, authorizing
real-time trading, fraud authentication, and
compliance—far outdoing prior connected database
limitations.

6.3 Risk Modeling and Analytics

Interestingly, risk modeling in FinTech amounts to
processing and analyzing massive datasets in real-
time. Data such as credit risk evaluations, market
exposure analysis, and fraud scoring systems require
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a high-throughput backend to provide machine
learning models and real-time dashboards. For these
analytical functions, these tools were traditionally
used in traditional batch-mode data warehouses
(Oracle, Teradata). However, since storage of this
data is infrequent and low latency is not required for
querying these data, they are not suitable for
dynamic FinTech applications. Aecrospike is
different in that it supports mixed workloads
operational (OLTP) as well as analytical (OLAP) via
features such as secondary indexing, user-defined
functions (UDF), and cross-data center replication
(Chaudhry & Yousaf, 2020).

7. Successful Case Study: PayPal's Real-
Time Fraud Detection

7.1 Background and Requirements

PayPal, one of the biggest global digital payment
platforms goes by, can operate across over 200
markets and support over 100 currencies to back it.
At this scale and with billions processed annually,
fraud detection is not just a security priority but a
foundational one for user trust and regulatory
compliance (Khurana, 2020). This scale of fraud
detection requires microsecond response times,
continuous model tuning, and extremely high
throughput—all while processing transaction
metadata, device fingerprinting, behavioral analysis,
and geolocation data.

PayPal wanted to be sure they had a system that
offered high availability across multiple data centers
with zero tolerance for downtime or degraded
performance. Such a requirement emerged due to the
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need to comply with the regulatory obligations of
real-time financial oversight and customer
protection, and the sliver of a second break meant

undetected fraud or violated compliance (Goel &
Bhramhabhatt, 2024).

Table 5. Pre and Post Aerospike Metrics at PayPal

Metric Pre-Aerospike (RDBMS) |Post-Aerospike

Fraud Check Latency (99th pct)| 15 ms 0.6 ms

Transactions per Second (TPS) |50,000 300,000+

Infrastructure Cost (baseline) | 100% 70% (-30% improvement)

Uptime 99.95% 99.999%
7.2 Architectural Implementation Using synchronous cross-data center replication. PayPal
Aerospike accepted Aerospike for its fraud detection workflow
PayPal chose Aecrospike, a high-performance due to its record-level consistency, optimistic
NoSQL database developed for real-time, low- simultaneousness  control, and low-latency
latency operations to meet this stringent performance. Aerospike activated real-time running
performance,  availability, @ and  scalability of transactional metadata, integrated with Kafka for

requirements. Thanks to Aerospike's hybrid memory
and SSD architecture, PayPal achieved ultra-fast
read and write speeds using a lean memory footprint.
In a multi-data center active configuration, PayPal
deployed Aerospike and continued operations
continuously in the event of regional failures
(Sharma, 2016). Aerospike architected the system so
each data center could read and write locally, and it
remained highly consistent owing to Aerospike's

<

User Profile

Store

continuous  fraud analysis, and supported
complicated secondary-index queries without
inserting. Features like TTL-based data expiration
and in-memory analytics upgraded scalability,
promptness, and automated memory supervision.
The figure below illustrates key real-world use cases
where Aerospike excels, reinforcing its applicability
to mission-critical, latency-sensitive systems like
PayPal’s fraud detection infrastructure.

Recommend ation
Engine

<EROSPIKE

Fraud
Datection

Meossaging
and Chat

e
Internot

of Things

Figure 6. Why-use-aerospike-database

7.3 Comparison with Previous RDBMS Solutions
Before using Aerospike, PayPal's fraud detection
infrastructure relied on traditional RDBMS
technologies, primarily Oracle and PostgreSQL,
while using caching layers to absorb read-heavy
workloads (Rui, 2020). These systems proved
consistent and produced a structured query
experience. As a result of this bottleneck, fraud
scoring accuracy in time-sensitive windows was
poor, resulting in poor customer experience and risk
exposure. The transition to Aerospike brought us
noticeable performance improvements. With below-
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SLA 99th percentile response times, read-write
latency was reduced to sub-millisecond levels. A
10x  throughput increase allowed real-time
evaluations of up to 300,000 transactions per second
during peak loads. PayPal adopted Aerospike for
fraud identification due to its real-time speed, fault-
tolerant clustering, and 99.999% uptime. Its schema-
less design activated rapid testing with fraud models,
while high intake rates and simplified framework
supervision improved operational efficiency and
scalability across local data centres (Hassan, 2024).



Mukesh Reddy Dhanagari / IJCESEN 11-3(2025)6182-6195

8. Best Practices for and

Implementing Aerospike

Selecting

Aerospike is acclaimed for its NoSQL architecture,
which delivers highly performing databases with
sub-millisecond latencies and tolerance to high

Essential criteria for
choosing an architecture

performance

re

volumes of data with very little infrastructure
overhead.
The figure below illustrates the essential criteria for
choosing a database architecture, which are crucial
when implementing high-performance systems like
Aerospike

Database Doto losd

volumes
quirements

Estimated
operating
budget

DevOps
expertise

Figure 7. How to select the right database architecture

8.1 Modeling for Performance

Given that Aerospike is schema-less, its effective
data modeling is founded on this. Aerospike's
storage model is at the core of namespaces, sets, and
bin mappings, similar to how databases, tables, and
columns are done in relational systems. For example,
storing user profile data in a separate set tuned for
high read and transactional data in a separate set
tuned for write intensity can improve latency under
load (Bhimani et al., 2020). One critical
recommendation is not to do joins at the app level
since Aerospike does not support native joins.

8.2 Cluster Configuration and Replication
Proper cluster configuration is extremely important
for high availability and resilience in Aerospike.
Aerospike is fully distributed and built as a shared-
nothing architecture that relies on data partitioning
and automatic replication as durability and
performance techniques. The ideal deployment
involves configuring more than one node across
availability zones or data centers for geographical
redundancy (Herker et al., 2015). Administrators
should use rack-aware configuration, i.e., forcing
replicas of a given data partition onto different
physical racks or zones, reducing correlated
hardware failure risk.

8.3 Monitoring and Maintenance

Having operational visibility into Aerospike clusters
is key to managing them into production. Without
comprehensive monitoring, SLAs are not in line,
bottlenecks in storage are not known, and hardware
failures are not caught until they affect SLAs. The
Aerospike Monitoring Console (AMC) provides
real-time insight into namespace utilization,
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throughput, latency distributions, and cluster health.
To achieve observability effects, Prometheus and
Grafana should be tightly integrated for bespoke
dashboards and alerting.

Key metrics to monitor include:

Throughput per client (tps)

Percentiles of latency (P50, P95 and P99)
An index to storage device utilization
Rates for eviction and expiration
Latencies of replication and migration

It is always best to configure threshold-based alerts
to proactively mitigate issues like node imbalance,
high disk queue depth, and even bin overflow. AMC
also facilitates live configuration tuning, which is
important during heavy demand surges or hardware
upgrades (Sardana, 2022). Aerospike clusters are
optimized for peak performance by scheduled
maintenance, avoiding unexpected downtimes.

9. Common Challenges
Strategies

and Mitigation

9.1 Data Modeling Paradigm Shift

A conceptual shift in data modeling is one of the key
hurdles database engineers must overcome when
adopting Aerospike. Unlike traditional RDBMS
platforms, where the schema is rigid, normalized,
and relational in structure, the Aerospike NoSQL-
based platform encourages the denormalized flat
data model, considering speed and simplicity. In
Aerospike, a namespace (think a database) has sets
of records (think table), with the records holding sets
of bins (think columns). Foreign keys and joins are
not used to enforce relationships between records
(Vassiliadis et al., 2019). Instead, developers must
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Figure 8. Advantages of NoSQOL

manage them manually, usually by embedding
references or pre-joining datasets. To overcome this
challenge, a case-driven strategy for modeling is
proposed. Determine query frequency, then lay your
data accordingly based on the access pattern (Yan et

al., 2023). In addition, great care should be taken
when using secondary indexes as they can be very
powerful but will increase write latency if not used
judiciously.

Table 6. RDBMS to Aerospike Migration Pain Points and Mitigations

Challenge Description Mitigation Strategy

Schema Migration RDBMS to schema-less data shift Data flattening & modeling
workshops

Consistency Model Incompatlblhty with strict ACID |Dual-write design or hybrid

requirements deployment

Dev Team Readiness |Lack of NoSQL experience Training ~ and  documentation
support

Backup & Recovery Different tools and methods Automate Wlth Aerospike

Strategy backup/restore suite

9.2 Consistency Pitfalls in Aerospike

Aerospike’s tenable consistency model offers
flexibility, enabling configurations ranging from
strong to ultimate uniformity per namespace. While
this boosts performance, it risks stale reads,
especially under high loads or network partitions.
Strong uniformity ensures up-to-date reads but
lowers write throughput and boosts latency due to
unified replication. For transactional workloads,
engineers should apply strong consistency settings
such as a duplication factor of 2, write commit level
set to ALL, and read mode set to SC (Strong
Consistency).

9.3 Backup, Restore, and Failover Practices

Data durability and high availability in Aerospike
demand a well-defined backup, restore, and node-
level failure strategy. Unlike many traditional
databases that provide built-in transactional backup
and binary logs (e.g., MySQL), Aerospike's tools (as
backup and restore) do hot backups and targeted
recovery. Work on each namespace. These tools
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support full or incremental backups stored in flat
files. It is recommended that backup jobs are
scheduled during low write windows or that backup
is orchestrated with application-level write locks to
preserve data integrity (Gupta, 2024). Besides
permanently keeping backup on expensive and
resilient storage platforms such as GCS or S3,
checksum validation and periodic test restores are
desired.

The figure below illustrates a disaster recovery
strategy using PostgreSQL, highlighting its
structured backup ecosystem — an approach that
differs markedly from Aerospike's methodology

10. Future Trends in Database Architectures
In the current data infrastructure landscape,
technological innovation is driven by the need to
lower the latency associated with processing data,
increase the scalability of data processing, and
achieve deeper intelligence and analytics in the data.
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PostgreSQL Backups in Disaster Recovery

Backup Methods [=] 28 e

Loglcal Backups -4 r - pgbackrest
Physical Backups -+ Backups -\ BARMAN
PITR -’

'
'
[

- Data Restoration

PR —

=+ Business Continuity

Figure 9. PostgreSQL Disaster Recovery

With this demand, Aerospike, a high-performing The figure below illustrates the various types of
NoSQL database that can provide sub-millisecond databases that exist within the current data
latency, is aligning by way of architectural ecosystem:

innovation and feature expansion.

Types of Database

Centralized
Database

Cloud \ K Hierarchical
Database g Database Database

Figure 10. the-future-of-database-technolog

10.1 The Rise of Multi-Model and HTAP Systems 2016). It is not a full SQL engine but a big step

For a long time, traditional databases have kept toward multi-model capabilities.

workloads that operate and analyze separate

systems. Nevertheless, this separation leads to 10.2 Edge Computing and Real-Time Decisions
bottlenecks in modern applications that require both With IoT's proliferation of devices, real-time
capabilities in real-time, especially in the FinTEch sensors, and mobile financial apps, edge computing
space, where instant insights in transactional data is another winner in system architecture design.
can mean the difference between a good or a bad Edge computing is the processing of data at or near
investment or detect fraudulent charges. the originating source of the data, reducing latency
Aerospike is moving this way beyond its classic and conserving bandwidth. Specifically, Aerospike's
key/value access model. Notably, it is compatible speed and footprint architecture fit well with
with SQL-like interfaces through Presto and Spark deployment on edge scenarios. Localized data
integrations. These integrations allow users to run processing, mobile banking, point-of-sale fraud
real-time analytics against Aerospike's data without detection, and decentralized finance (DeFi)
running costly ETL (Extract, Transform, Load) applications, such as FinTech applications, are
pipelines into separate data warehouses. This needed. With this configuration, Aerospike
capability decreases data latency, decreases system deployed in an edge setting enables decisions in real-
complexity, and maintains Aerospike performance. time without round-trip operation with central data
In addition to external integrations, Aerospike has centers. It provides globally distributed edge
added Aerospike Query, a predicate filtering and environments supporting active-active

aggregation within the database (Srinivasan et al.,
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configurations between geographically distributed
clusters (Do & Kim, 2019).

10.3 AI/ML Integration at the Database Layer
With databases increasingly expected to do more
than store and retrieve data, they are now being
called upon to enable intelligence. Most traditional
database systems tend to take advantage of external
ML pipelines, where data is exported out, processed,
and given back. However, this process leads to
latency, complexity, and inconsistency, especially in
real-time inference environments. A developing
pattern incorporates AI/ML capacities specifically at
the database layer to handle that talk. However, it is
evolving towards a hybrid model supporting
database inference and intelligent indexing.
Aerospike supports low latency model scoring on
streaming transaction data. For example, utilizing
financial institutions with TensorFlow Serving or
ONNX Runtime. Aerospike currently operates in
such architectures, wherein Aerospike stores and
feeds a real-time feature to an inference engine co-
located with Aerospike in the same memory
environment. Aerospike's UDFs in Lua enable
lightweight tasks like tagging and feature extraction,
aiding ML readiness without heavy computation.

11. Conclusions

In today's data-driven decision-making era,
organizations in high-performing environments, not
limited to financial technology (FinTech) contexts,
encounter the problem of having to strike an uneasy
balance between time to data and transactional
consistency and integrity. As this study of Aerospike
and typical relational database management systems
(RDBMS) has shown, no 'one size fits all' exists.
Choosing between these systems will be dictated by
workload characteristics, performance goals, and
compliance demands. Aerospike is a strong
challenger in scenarios where online responsiveness
and horizontal scalability must be provided. It
achieves sub-millisecond latencies even under high
throughput, with its hybrid memory—SSD
architecture, in-memory indexing, and schema-less
design. Aerospike provides a decisive edge for
applications that require real-time risk modeling,
fraud detection, or high-frequency trading
workloads—workloads that run in milliseconds,
making millions. Aerospike’s tunable consistency
balances availability and strictness, offering SLA-
aligned flexibility unlike traditional RDBMS’s rigid
consistency models.

Author Statements:

6193

e Ethical approval: This study followed ethical
guidelines. Informed consent was obtained from
all participants before data collection.

Conflict of interest: The authors declare that
there are no conflicts of interest associated with
this study. The research was conducted
independently, and the authors have no financial,
personal, or professional relationships that could
affect the findings or conclusions presented in
this paper.

Acknowledgement: We sincerely would like to
appreciate all those who contributed to the
completion of the study.

Author  contributions:  Mukesh  Reddy
Dhanagari is a sole author & handles all the
necessary steps for the research paper like
conceptualization, data curation, formal analysis,
Research, Methodology, Project administration,
Resources, Software, Validation, Visualization,
Writing the original draft then review and editing
etc.

Funding information: This research was funded
by [Imam Mohammad Ibn Saud Islamic
University] as part of the authors' PhD studies.
The funding covered expenses related to the
research but did not influence the study's design,
data collection, analysis, or interpretation. The
university had no involvement in the decision to
publish this work.

Data availability statement: The data that
support the findings of this study are available on
request from the corresponding author. The data
are not publicly available due to privacy or
ethical restrictions.

References

[1] Alvarez, P. M., Ayala, M. L., & Cisneros, S. O.
(2022). Main Memory Management on Relational
Database Systems. Springer International Publishing.
Beineke, K., Nothaas, S., & Schéttner, M. (2016,
December). High throughput log-based replication
for many small in-memory objects. In 2016 IEEE
22nd International

Conference on Parallel and Distributed Systems
(ICPADS) (pp. 535-544). IEEE.

Bhattacharyya, S. (2024). Cloud Innovation: Scaling
with Vectors and LLMs. Libertatem Media Private
Limited.

Bhimani, J., Maruf, A., Mi, N., Pandurangan, R., &
Balakrishnan, V. (2020). Auto-tuning parameters for
emerging multi-stream flash-based storage drives
through new [/O pattern generations. IEEE
Transactions on Computers, 71(2), 309-322.
Carrara, G. R., Burle, L. M., Medeiros, D. S., de
Albuquerque, C. V. N., & Mattos, D. M. (2020).
Consistency, availability, and partition tolerance in
blockchain: a survey on the consensus mechanism

(2]

(3]
(4]

(5]

(6]



Mukesh Reddy Dhanagari / IJCESEN 11-3(2025)6182-6195

over peerto-peer  networking.  Annals  of
Telecommunications, 75, 163-174.

Chaudhry, N., & Yousaf, M. M. (2020). Architectural
assessment of NoSQL and NewSQL systems.
Distributed and Parallel Databases, 38(4), 881-926.

Chavan, A. (2021). Eventual consistency vs. strong

(7]

(8]

consistency: Making the right choice in
microservices. International Journal of Software and
Applications, 14(3), 45-56.

https://ijsra.net/content/eventual-consistency-vs-
strong-consistency-making-right-choice-
microservices

[9] Dhanagari, M. R. (2024). MongoDB and data
consistency: Bridging the gap between performance
and reliability. Journal of Computer Science and
Technology Studies, 6(2), 183-198.
https://doi.org/10.32996/jcsts.2024.6.2.21

[10]Do, T. X., & Kim, Y. (2019). Topology-aware
resource-efficient placement for high availability
clusters over geo-distributed cloud infrastructure.
IEEE Access, 7, 107234-107246.

[11]Feil, N., Bogelsack, A., Schulz, R., & Abrantes, G.
(2024). Stage 2—Keeping Costs and Cloud Usage
Under Control. In Public Cloud Potential in an
Enterprise Environment: Public Cloud as a New IT
Platform to Increase Business Value (pp. 123-201).
Wiesbaden: Springer Fachmedien Wiesbaden.

[12] Goel, G., & Bhramhabhatt, R. (2024). Dual sourcing
strategies. International Journal of Science and
Research Archive, 13(2), 2155.
https://doi.org/10.30574/ijsra.2024.13.2.2155

[13] Gupta, D. (2024). The Cloud Computing Journey:
Design and deploy resilient and secure multi-cloud
systems with practical guidance. Packt Publishing
Ltd.

[14]Hammad, A., & Abu-Zaid, R. (2024). Applications
of Al in Decentralized Computing Systems:
Harnessing Aurtificial Intelligence for Enhanced
Scalability, Efficiency, and Autonomous Decision-
Making in Distributed Architectures. Applied
Research in Artificial Intelligence and Cloud
Computing, 7, 161-187.

[15]Harrison, G. (2015). Next Generation Databases:
NoSQLand Big Data. Apress.

[16] Hassan, M. (2024). Real-Time Risk Assessment in
SaaS Payment Infrastructures: Examining Deep
Learning Models and Deployment Strategies.
Transactions on Artificial Intelligence, Machine
Learning, and Cognitive Systems, 9(3), 1-10.

[17]1Herker, S., An, X., Kiess, W., Beker, S.,, &
Kirstaedter, A. (2015, December). Data-center
architecture impacts on virtualized network functions
service chain embedding with high availability
requirements. In 2015 IEEE Globecom Workshops
(GC Wkshps) (pp. 1-7). IEEE.

6194

[18]Islam, A. (2024). DATA GOVERNANCE AND
COMPLIANCE IN CLOUD-BASED BIG DATA
ANALYTICS: A DATABASE-CENTRIC
REVIEW.

[19]Karwa, K. (2024). Navigating the job market:
Tailored career advice for design students.
International Journal of Emerging Business, 23(2).
https://www.ashwinanokha.com/ijeb-v23-2-
2024.php

[20] Khurana, R. (2020). Fraud detection in ecommerce
payment systems: The role of predictive ai in real-
time transaction security and risk management.
International Journal of Applied Machine Learning
and Computational Intelligence, 10(6), 1-32.

[21]Konneru, N. M. K. (2021). Integrating security into
CI/CD pipelines: A DevSecOps approach with
SAST, DAST, and SCA tools. International Journal
of Science and Research Archive. Retrieved from
https://ijsra.net/content/role-notification-scheduling-
improving-patient

[22] Kumar, A. (2019). The convergence of predictive
analytics in driving business intelligence and
enhancing DevOps efficiency. International Journal
of Computational Engineering and Management,
6(6), 118-142. Retrieved from https://ijcem.in/wp-
content/uploads/THE-CONVERGENCE-OF-
PREDICTIVE-ANALYTICS-IN-DRIVING-
BUSINESS-INTELLIGENCE-AND-
ENHANCING-DEVOPS-EFFICIENCY .pdf

[23] Lathar, P., Srinivasa, K. G., Kumar, A., & Siddiqui,
N. (2018). Comparison study of different NoSQL and
cloud paradigm for better data storage technology.
Handbook of Research on Cloud and Fog Computing
Infrastructures for Data Science, 312-343.

[24] Leppénen, T. (2021). Data visualization and
monitoring with Grafana and Prometheus.

[25] Nyati, S. (2018). Transforming telematics in fleet
management: Innovations in asset tracking,
efficiency, and communication. International Journal
of Science and Research (IJSR), 7(10), 1804-1810.
Retrieved from
https://www.ijsr.net/getabstract.php?paperid=SR242
03184230

[26]Raju, R. K. (2017). Dynamic memory inference
network for natural language inference. International
Journal of Science and Research (IJSR), 6(2).
https://www.ijsr.net/archive/v6i2/SR24926091431.p
df

[27] Rehrmann, R. (2023). Merging Queries in OLTP
Workloads.

[28] Rui, R. (2020). Relational Joins on GPUs for In-
memory Database Query Processing. University of
South Florida.

[29]Sardana, J. (2022). The role of notification
scheduling in improving patient outcomes.
International Journal of Science and Research

Archive. Retrieved from
https://ijsra.net/content/role-notification-scheduling-
improving-patient

[30] Sharma, S. (2016). Expanded cloud plumes hiding
Big Data ecosystem. Future Generation Computer
Systems, 59, 63-92.


https://doi.org/10.32996/jcsts.2024.6.2.21
http://www.ashwinanokha.com/ijeb-v23-2-
http://www.ijsr.net/getabstract.php?paperid=SR242
http://www.ijsr.net/archive/v6i2/SR24926091431.p

Mukesh Reddy Dhanagari / IJCESEN 11-3(2025)6182-6195

[31]Singh, V. (2022). EDGE AI: Deploying deep
learning models on microcontrollers for biomedical
applications: Implementing efficient AI models on
devices like Arduino for real-time health monitoring.
International Journal of Computer Engineering &
Management. https://ijcem.in/wp-
content/uploads/EDGE-AI-DEPLOYING-DEEP-
LEARNING-MODELS-ON-
MICROCONTROLLERS-FOR-BIOMEDICAL-
APPLICATIONS-IMPLEMENTING-EFFICIENT-
AI-MODELS-ON-DEVICES-LIKE-ARDUINO-
FOR-REAL-TIME-HEALTH.pdf

[32]Srinivasan, V., Bulkowski, B., Chu, W. L.,
Sayyaparaju, S., Gooding, A., Iyer, R., ... & Lopatic,
T. (2016). Aecrospike: Architecture of a real-time
operational dbms. Proceedings of the VLDB
Endowment, 9(13), 1389-1400.

[33] Tehrany, N., & Trivedi, A. (2022). Understanding
nvme zoned namespace (zns) flash ssd storage
devices. arXiv preprint arXiv:2206.01547.

[34] Vassiliadis, P., Kolozoff, M. R., Zerva, M., & Zarras,
A. V. (2019). Schema evolution and foreign keys: a
study on usage, heartbeat of change and relationship
of foreign keys to table activity. Computing, 101(10),
1431-1456.

[35] Verma, R. (2017). Understanding the technological
trends and quantitative analysis of NewSQL
databases. University of Maryland, Baltimore
County.

[36] Yan, J., Chang, Z., Cheng, K., & Wang, S. (2023). A
range query method for data access pattern protection
based on uniform access frequency distribution.
Journal of Networking and Network Applications,
3(1), 11-18.

[37] Yesin, V., Karpinski, M., Yesina, M., Vilihura, V., &
Warwas, K. (2021). Ensuring data integrity in
databases with the universal basis of relations.
Applied Sciences, 11(18), 8781.

[38] Zhang, Y. (2020). Mitigating Insider Threats in
Enterprise Storage Systems: A Security Framework
for Data Integrity and Access Control. International
Journal of Trend in Scientific Research and
Development, 4(4), 1878-1890.

[39] Zhao, K., Gong, S., & Fonseca, P. (2021, April). On-
demand-fork: A microsecond fork for memory-
intensive and latency-sensitive applications. In
Proceedings of the Sixteenth European Conference
on Computer Systems (pp. 540-555.

6195



