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ABSTRACT: Performance, operational 
efficiency, and scalability are fundamental 
pillars in contemporary studies of Database 
Management Systems (DBMSs), particu-
larly in light of the increasing volume, he-
terogeneity, and velocity of data generation. 
This research conducts a comprehensive, 
critical, and analytical review of the specia-
lized literature, examining in an integrated 
manner DBMS architectures, execution 
models, and the mechanisms employed 
to mitigate computational bottlenecks. 
The analysis delves into partitioning and 
fragmentation techniques, load-balancing 
strategies, fine-grained internal parameter 
optimizations, methods for data ingestion 
and increasing throughput of large-sca-
le datasets, as well as solutions addressing 
concurrency, consistency, and transactional 
integrity. From an analytical perspective, 
the study goes beyond mapping existing 
approaches and investigates their behavior 
under different resource regimes, including 
memory, CPU, I/O subsystems, and stora-
ge architectures, while also considering the 
effects of deployment in heterogeneous, 
distributed, and virtualized environments. 
The works examined were categorized ac-
cording to their methodological designs, 
encompassing detailed technical analyses, 
controlled experiments, benchmarks, and 
studies focused on the installation, con-
figuration, operation, and maintenance 
lifecycle of DBMSs. The results of this re-
view provide a critical synthesis of the most 
consolidated practices, identify recurring 
limitations in current solutions, and outli-
ne promising directions for future resear-
ch, particularly in the context of efficient 
data management in diverse and large-scale 
computational ecosystems.

KEYWORDS: Databases; Performance; 
Efficiency; Scalability; Throughput; Data 
Management.

1. INTRODUCTION

The evolution of database systems has 
been driven by the growing need to mana-
ge large volumes of data with efficiency and 
high performance. Scalability is a funda-
mental aspect, as systems must be able to 
expand their capacity and performance in 
accordance with application demands. Ac-
cording to Stonebraker et al. (2010), scala-
bility in database systems is directly related 
to a system’s ability to increase its perfor-
mance proportionally to the addition of 
resources. Performance, in turn, is essential 
to ensure adequate response times and the 
efficient execution of data query and ma-
nipulation operations (Abadi et al., 2013).

Efficiency in the use of computational 
resources such as memory, CPU, and I/O 
is a widely discussed topic in the literatu-
re. Hellerstein, Stonebraker, & Hamilton 
(2007) emphasize that careful optimization 
of database management system configura-
tions is crucial for maximizing resource uti-
lization and minimizing operational costs. 
Partitioning and load-balancing techniques 
are frequently employed to distribute data 
and queries evenly across servers, impro-
ving both scalability and performance (Das 
et al., 2013).

Another significant challenge is the 
ingestion and transfer of large volumes of 
data, which require efficient methods to 
avoid bottlenecks and ensure data integri-
ty. According to Abadi et al. (2007), data 
throughput can be optimized through effi-
cient materialization strategies, which often 
include advanced techniques for paralle-
lism and data compression. Concurrency 
and data integrity are critical concerns, es-
pecially in high-performance environments 
and in workloads characterized by large vo-
lumes of simultaneous transactions (Gar-
cia-Molina, Ullman, & Widom, 2011).
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Management capability in heteroge-
neous platforms also emerges as a relevant 
aspect, since modern database systems often 
operate in diverse and distributed environ-
ments. Elmore et al. (2011) highlight that 
deployment and management efficiency 
in such environments depends on the fle-
xibility and robustness of the implemented 
solutions.

In the systems domain, Casale (2024) 
examines performance engineering for in-
-memory databases, questioning the effec-
tiveness of traditional performance engine-
ering methods, such as analytical models, 
response surfaces, and queueing simula-
tions, in describing such systems. The stu-
dy discusses analytical models applied to 
performance evaluation and optimization 
of in-memory databases, including new 
response-time approximations under onli-
ne analytical processing workloads. It also 
analyzes the relative merits of performance 
modeling in comparison with experimental 
design methods that generate response sur-
faces, while examining recent experiences 
in optimizing workload allocation in these 
systems.

Given the increasing complexity of 
the processing, distribution, and data ma-
nagement mechanisms observed in the re-
viewed literature, this research is guided by 
the following central question: “How can 
strategies be established that promote sig-
nificant advancements in performance, 
efficiency, scalability, and throughput in 
the ingestion, manipulation, and transfer 
of large volumes of data?”.

In addition to analyzing and classi-
fying the technical approaches, the study se-
eks to synthesize the main contributions of 
the literature, offering a broad overview of 
recent advancements and identifying open 
research areas that may support the future 
development of database systems.

The central objectives of this study are: 
(i) to examine the techniques and theories 
applied, highlighting both the strengths and 
limitations of existing studies; and (ii) to 
identify gaps in the literature and the rese-
arch challenges, both current and emerging.

The structure of this article follows a 
progressive analytical organization: Section 
2 presents related reviews addressing the 
central research question; Section 3 descri-
bes the methodology employed in the se-
lection and analysis of the works; Section 4 
discusses the results obtained and their or-
ganization by technical categories; Section 
5 deepens the discussion of these findings; 
and Section 6 presents the conclusions.

2. RELATED WORK

The reviews identified throughout the 
analysis of the collected studies are synthesi-
zed below.

Within the set of comparative analy-
ses that inform the advancement of the 
field, the review conducted by Meyer et al. 
(2015) examines the use of database sys-
tems in mission-critical enterprise environ-
ments through a methodologically rigorous 
comparison (R1–R9) between a disk-based 
system (Alpha) and an in-memory system 
(Beta). Using the TPC-DS benchmark, 
the study highlights substantial advanta-
ges of the in-memory solution in analytical 
workloads, for both read operations and, to 
a large extent, write operations. Despite the 
expressive performance gains, the authors 
emphasize that the adoption of in-memory 
systems requires careful consideration of the 
inherent costs and limitations of memory 
capacity.

Among the approaches addressing 
the temporal dimension of data, the analy-
sis conducted by Arora (2015) investigates 
temporal database models applied to the 
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management of dynamic information in 
sensitive domains. The study distinguishes 
these systems from conventional databases 
by underscoring that temporal models pre-
serve both transaction time and valid time. 
The field is organized according to the su-
pported temporal dimensions (transactio-
nal, valid, and bi-temporal) and the applied 
timestamping techniques (tuple-based or 
attribute-based), discussing representati-
ve models that either extend the relational 
paradigm or operate through intermediate 
layers. Examples include TFORM, whi-
ch adds temporal functionality to objects, 
and column-oriented temporal systems 
(CLTS), designed for efficient historical 
maintenance.

Within non-relational architectures, 
the approach presented by Khasawneh, Al-
-Sahlee, & Safia (2020) plays a structuring 
role by organizing the NoSQL ecosystem 
into four central classes: key–value, colum-
n-oriented, document-oriented, and gra-
ph-oriented. Their analysis compares these 
categories through fundamental criteria, 
notably the CAP theorem and BASE pro-
perties, articulating direct implications for 
consistency, availability, and partition to-
lerance. The study details characteristics, 
strengths, and limitations of each model 
while highlighting the need for more robust 
methodological instruments, emphasizing 
the importance of developing dedicated 
benchmarks capable of supporting empiri-
cal comparisons across heterogeneous NoS-
QL technologies.

Regarding the use of accelerated har-
dware in database systems, the empirical 
analysis by Suh et al. (2022) offers a syste-
matic examination of the factors influencing 
the performance of GPU-based DBMSs. 
The study identifies critical determinants of 
query execution time and proposes a causal 
model capable of explaining approximately 
77% of its variability, demonstrating the di-

rect impact of reducing kernel time and data 
transfer operations. Their findings reveal 
structural limitations, including GPU me-
mory dependency, weak operator expressi-
veness, scalability constraints, and recurring 
patterns of device underutilization, and arti-
culate central research questions concerning 
the role of more advanced GPU architec-
tures, multi-GPU configurations, and the 
applicability of similar analytical techniques 
to CPU-based DBMSs.

A comprehensive historical perspective 
on the evolution of database management 
systems is presented by Patel, Choudhary, 
& Patil (2023), who examine the deve-
lopment of the major architectures, from 
hierarchical and network models to RDB-
MS, OODBMS, ORDBMS, NoSQL, 
and NewSQL, over more than six decades 
of research. Their analysis reveals marked 
asymmetries in scientific production, with 
a strong concentration of studies on RDB-
MSs and limited contemporary investiga-
tion of hierarchical and network systems. 
The authors further discuss the recent grow-
th of NoSQL and NewSQL technologies, 
driven by the need to handle large volumes 
of heterogeneous data, and argue that these 
systems still require substantial advances in 
areas such as concurrency control, recovery, 
and security. Although RDBMSs remain 
widely used, the study concludes that their 
traditional structure does not fully address 
the demands imposed by today’s large-scale 
data environments.

Methodological discussions concer-
ning performance comparisons in DBMSs 
gain depth in Taipalus (2024a), whose sys-
tematic review exposes recurring weaknesses 
in the external validity of such analyses. The 
study identifies structural problems such 
as insufficient information for experiment 
reproduction and the neglect of critical 
contextual variables, including application 
domain, data scale, concurrency, hardware 
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configuration, and read/write profile, all of 
which strongly condition the interpretation 
of performance outcomes. The selection of a 
DBMS cannot rely solely on response times 
or throughput, highlighting the importance 
of factors such as redundancy, storage costs, 
consistency, and the availability of quali-
fied professionals. The study reinforces the 
need for rigorous benchmarking guidelines, 
advocating the adoption of recognized ben-
chmark suites and transparent disclosure 
of testing environments as prerequisites for 
replicability. By emphasizing the complexi-
ty and limitations of inter-DBMS compa-
risons, the review argues that critical and 
contextualized analyses are indispensable for 
informed technical decision-making.

The review developed in this research 
distinguishes itself from existing syntheses 
in two central ways. First, it focuses on iden-
tifying and systematizing strategies capable 
of promoting substantive advances in ma-
ximizing performance, efficiency, and scala-
bility in DBMSs, including the analysis of 
throughput in processes involving the im-
port, manipulation, and movement of large 
data volumes. Previously published reviews, 
in contrast, tend to emphasize comparative 
evaluations, performance tests, or targeted 
analyses of specific architectures. Second, 
most existing reviews concentrate prima-
rily on experimental results or performan-
ce-centered approaches, without expanding 
the discussion toward broader data manage-
ment concerns or addressing the importan-
ce of application domain requirements in 
shaping the properties and constraints that 
guide the use of a DBMS.

3. REVIEW METHODOLOGY
The structured literature review was 

guided by a specific directive question for-
mulated exclusively to support the identi-
fication, selection, and classification of re-
levant studies: “What approaches have been 

employed to computationally analyze and 
evaluate performance, efficiency, scalability, 
and data transfer rate in database systems?” To 
establish a solid methodological scope, an 
initial exploratory search was conducted to 
collect essential elements for defining the in-
vestigative parameters. This process enabled 
the delimitation of the temporal range, the 
selected scientific databases, the keywords 
used, and the specific search fields applied 
across the articles.

The temporal interval defined for the 
review, 2007 to 2025, reflects the significant 
evolution of research on DBMS performan-
ce, strongly driven by technological advan-
ces over the past two decades. The search 
string applied was: (Database, performance) 
AND (Database OR performance OR scalabi-
lity OR efficiency OR data transfer rate) AND 
(read latency OR write latency OR update 
latency OR execution time). The search was 
conducted across IEEE Xplore, ACM Di-
gital Library, ScienceDirect, and Springer, 
considering only studies within the database 
domain that directly addressed the themes 
of this research. The initial search returned 
5,830 articles. To ensure rigor and relevan-
ce, filters based on specific relevance crite-
ria were applied, resulting in a preliminary 
selection of the 200 most pertinent studies.

The inclusion and exclusion criteria 
were defined through the initial exploratory 
reading and later refined according to their 
adherence to the scope of this review. These 
criteria, originally presented in Table 1, were 
based on the article title, abstract, keywords, 
and a technical evaluation of the content, 
ensuring an exclusive focus on approaches 
related to the analysis of performance, effi-
ciency, scalability, and data transfer rate in 
DBMSs.

Following the detailed analysis of the 
studies classified as potentially relevant, a fi-
nal set of 55 articles was obtained, each fully 
aligned with the thematic requirements of 
this research.
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Types Actions Specifications
In

cl
us

io
n

I-1 Research addressing analyses and 
definitions with results related to 
data in general.

I-2 Studies presenting technical anal-
yses of Database Management 
System models.

I-3 Studies providing definitions, 
knowledge, and computational 
strategies related to Databases.

I-4 Studies describing definitions and 
knowledge representations fo-
cused on data management.

I-5 Research that introduces new 
approaches or methodologies for 
optimizing database performance.

Ex
cl

us
io

n

E-1 Research or studies lacking the 
presentation or definition of any 
research line relevant to the topic.

E-2 Research or studies unrelated to 
scalability, performance, efficien-
cy, data volume management, 
database configuration strategies, 
CPU metrics, I/O, read latency, 
write latency, update latency, exe-
cution time, usability, or database 
flexibility.

E-3 Research or studies not belonging 
to the field of computing.

E-4 Texts that do not constitute publi-
cations with scientific value.

E-5 Abstracts lacking technical depth 
or relevant content for the topic.

E-6 Reviews that do not address the 
computing domain or its relation-
ship with databases.

Structured set of inclusion and exclusion criteria 
applied to ensure methodological rigor, thematic 
alignment, and scientific relevance in the selec-

tion of studies analyzed in this review.
Table 1. Inclusion and Exclusion Criteria for 

Research Studies
Source: Author (2025)

4. REVIEW RESULTS

This section presents a synthetic and 
categorized analysis of the selected studies. 
Subsection A compiles solutions groun-
ded in comparative evaluations of databa-

se systems, focusing on the identification 
of structural and functional characteristics, 
operational capabilities, performance, ef-
ficiency, scalability, data transfer rate, and 
advanced strategies for data creation, in-
sertion, updating, selection, and deletion, 
as well as for the optimization of complex 
queries. Subsection B groups solutions an-
chored in technical studies of computatio-
nal evaluation, considering metrics such as 
resource utilization, execution time, read 
latency, write latency, update latency, CPU, 
memory, and I/O.

4.1 Solutions Based on Database 
Comparisons to Identify 
Performance, Efficiency, and 
Scalability Features

The studies comprising this axis of the 
review highlight how different architectures 
and processing models shape performance 
and scalability patterns in contemporary 
data environments.

In this landscape, Pavlo et al. (2009) 
empirically demonstrate that native paral-
lelism mechanisms in database systems ou-
tperform MapReduce in most structured 
analytical tasks, even though the latter re-
tains advantages in heterogeneous and uns-
tructured workloads.

The analysis by Dean & Ghemawat 
(2010) shows that the MapReduce model 
has established itself as a particularly effi-
cient mechanism for massive unstructured 
data workloads, although traditional data-
base systems remain superior in highly struc-
tured scenarios. In a different direction, the 
investigation conducted by Chen, Chang, 
& Hou (2011) indicates that well-designed 
Java multithreading strategies, especially in 
multi-core and cloud environments, signi-
ficantly enhance system resource utilization, 
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offering valuable technical insights for con-
figuring DBMSs aimed at maximizing ope-
rational efficiency.

In the domain of scalable architectu-
res, Cattell (2011) synthesizes a broad set of 
mechanisms characteristic of modern dis-
tributed systems, including asynchronous 
replication, row-level atomic transactions, 
optimistic concurrency control, automatic 
partitioning and replication, and fault de-
tection and recovery routines. He observes 
that in many scenarios, the pursuit of sca-
lability and availability led to the abandon-
ment of globally ACID transactions, noting 
that both NoSQL solutions and new rela-
tional DBMSs are progressively increasing 
in maturity and relevance within the tech-
nological ecosystem.

The comparison conducted by Kul-
shrestha & Sachdeva (2014) between the 
object-oriented Db4o and the relational 
MySQL demonstrates that structural diffe-
rences in data models directly impact opera-
tional performance: while MySQL is more 
efficient in read and update operations, 
Db4o exhibits advantages in insertions and 
deletions, reflecting its object-oriented mo-
deling. The study suggests that DBMS se-
lection must consider not only the data mo-
del but also the dominant operation profile 
and specific efficiency requirements.

With respect to fundamental algo-
rithms, the analysis by Malpani & Bassi 
(2014) examines external sorting techniques 
applied to large data volumes, assessing their 
scalability and efficiency under different ex-
perimental conditions. The study reinforces 
that choices internal to sorting mechanisms 
have a direct impact on throughput and 
the cost of operations executed by DBMSs, 
particularly in big-data environments, thus 
offering relevant technical input for confi-
guration decisions.

The discussion on high-performance 
engines is expanded by Neumann (2014), 
who compares two contrasting architectu-
res: the disk-oriented RDF-3X system, su-
pported by compression and B+-trees to op-
timize I/O, and the main-memory system 
HyPer, designed to simultaneously handle 
OLTP and OLAP workloads via mecha-
nisms such as virtual-memory-based tran-
sactional isolation and JIT compilation of 
queries. The analysis demonstrates how ar-
chitectural decisions, from storage strategies 
to query-plan optimization, shape both the 
latency and throughput achieved by mo-
dern systems.

The minipage scheme proposed by 
Ash & Lin (2014) introduces a structural 
refinement designed to optimize operations 
on SSDs, particularly in scenarios with 
high selectivity or mixed search-and-scan 
workloads. The study demonstrates subs-
tantial throughput improvements on SSDs, 
although the effects are less pronounced on 
HDDs unless selectivity is extremely low. 
Despite the potential increase in fragmen-
tation, the results indicate that minipages 
reduce execution time and more effectively 
exploit the access behavior of solid-state 
devices.

Architectural integration across mul-
tiple data models is examined in depth by 
Elmore et al. (2015), who demonstrate the 
increasing maturity of polystore systems 
and highlight their utility in environments 
requiring coherent integration of heteroge-
neous data models. The analysis details in-
ternal components, memory management, 
transactions, and query optimization, and 
discusses partitioning mechanisms, load 
balancing, and system configuration, indi-
cating that the effectiveness of such systems 
depends on carefully calibrated architectu-
ral combinations to maximize performance 
and flexibility.
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The contrast between relational and 
document-oriented models is systematically 
analyzed in the study by Jung et al. (2015), 
who compare the behavior of PostgreSQL 
and MongoDB under increasing data volu-
me and heterogeneity. The results show con-
sistent advantages for MongoDB in basic 
insert, select, update, and delete operations, 
a direct consequence of its unstructured 
and document-oriented model. However, 
they also demonstrate that appropriate in-
dexing can reduce the gap observed in Post-
greSQL selection operations. As a synthesis, 
the authors suggest that applications with 
strict structural requirements benefit from 
the relational model, while workloads cha-
racterized by large volumes of unstructu-
red data better exploit MongoDB’s storage 
mechanisms.

The comparative evaluation of tran-
sactional mechanisms in OLTP environ-
ments conducted by Tongkaw & Tongkaw 
(2016), contrasting MariaDB and MySQL 
under transactional loads, reinforces the re-
levance of optimization and load-balancing 
strategies in transactional performance. The 
experiments show significant variations in 
latency and efficiency depending on confi-
gurations and techniques applied, contribu-
ting to a practical understanding of how to 
tune transactional systems in high-concur-
rency scenarios.

The NoSQL comparison by Tang 
& Fan (2016) broadens the landscape by 
examining Redis, MongoDB, Couchbase, 
Cassandra, and HBase in four-node clus-
ters, evaluating throughput and execution 
time under multiple workload patterns. 
Their results show that although NoSQL 
systems offer superior horizontal scalability 
compared to traditional DBMSs, their ef-
ficiency depends heavily on alignment be-

tween the data model, required consistency, 
and application usage patterns. The analysis 
emphasizes that selecting the appropriate 
NoSQL system is a functional and architec-
tural decision, not merely one based on raw 
performance.

Turning to the NewSQL domain, 
Kaur & Sachdeva (2017) characterize read, 
write, and update latencies as well as per-
formance under different partitioning and 
load-balancing strategies. The findings show 
that NewSQL solutions mitigate typical li-
mitations of traditional models but still face 
challenges in consolidating flexibility, sca-
lability, and usability in high-performance 
environments.

The experimental analysis of MariaDB 
clusters by Widiono (2019) focuses on avai-
lability and integrity in distributed scena-
rios. The study demonstrates how different 
replication and partitioning strategies im-
pact resilience and throughput, reinforcing 
the importance of proper configuration to 
ensure continuous and consistent operation 
in critical environments.

The work of Yang (2019) shifts the 
analytical focus toward the interface betwe-
en web applications and DBMSs, examining 
inherent limitations of ORM frameworks 
under high-volume and low-latency worklo-
ads. The proposed methodology, grounded 
in static analysis and automated detection 
tools, identifies and corrects more than one 
thousand performance issues in real-world 
applications, demonstrating that database 
bottlenecks often emerge as deficiencies in 
application design and in the way the ORM 
layer interacts with the DBMS.

Performance optimization effects in 
relational systems are further expanded by 
Hairah & Budiman (2020), whose compa-
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rative study of MariaDB and PostgreSQL 
in inner join queries shows how join-opti-
mization strategies can significantly reshape 
response times over large datasets, providing 
practical guidance for index selection and 
configuration.

The automated testing infrastructure 
introduced by Ingo & Daly (2020) for per-
formance evaluation in MongoDB highli-
ghts the rising importance of continuous-
-integration pipelines applied to distributed 
systems. Automated benchmarking ensures 
higher experimental consistency and repro-
ducibility, while demonstrating that archi-
tectural decisions in distributed environ-
ments must be validated through controlled 
and repeatable testing routines.

Relational and graph-oriented mo-
dels are contrasted in the study of Do et al. 
(2022), which evaluates query performance 
in Neo4J and MySQL across four classes, 
selection/search, recursion, aggregation, and 
pattern matching, using the real-world Ca-
reer Village dataset. The results show subs-
tantial advantages for Neo4J in recursive 
queries and in complex patterns requiring 
multiple joins, while the Cypher language 
tends to be more concise than SQL. The 
authors emphasize the need to expand the 
experimental scope across other sectors and 
incorporate broader performance metrics.

Advances in techniques for detecting 
performance degradations in DBMSs are 
examined by Liu et al. (2022), who de-
monstrate the effectiveness of AMOEBA 
in generating and validating semantically 
equivalent query pairs to reveal performan-
ce bugs in systems such as PostgreSQL and 
CockroachDB. The investigation spans four 
research questions, effectiveness (RQ1), effi-
ciency (RQ2), the contribution of mutation 
rules (RQ3), and comparison with alterna-

tive approaches (RQ4), showing that muta-
tion-driven diversity increases query com-
plexity and improves the capacity to expose 
anomalies undetectable through traditional 
methods.

The consolidation of vector data ma-
nagement systems is outlined by Taipalus 
(2024b), who examines foundational prin-
ciples, use cases, and emerging challenges 
associated with VDBMSs in scenarios whe-
re text, images, and videos are represented 
as high-dimensional vectors. The study dis-
cusses structural difficulties such as sparsity, 
computational costs of similarity estimation, 
and specialized requirements for storage and 
indexing, offering an organized perspective 
on current limitations and evolving trajec-
tories of these systems.

A systematic overview of proces-
sing, indexing, and querying techniques 
in VDBMSs is presented by Pan, Wang, 
& Li (2024), who analyze why traditional 
DBMSs are inadequate for handling vector 
attributes characterized by imprecise se-
mantic similarity, high dimensionality, and 
hybrid query requirements. The review co-
vers similarity-scoring models, vector query 
types, query interfaces, in-memory and on-
-disk index structures, as well as approaches 
for compression, optimization, hardwa-
re-accelerated execution, and distributed 
processing.

4.2 Solutions Grounded in Technical 
Resource Analyses

Recent investigations into architectures 
and resource-management mechanisms in 
data management systems reveal a substan-
tive shift in how different platforms leverage 
their execution and optimization strategies. 
The longstanding SQL–NoSQL dichotomy 
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becomes less decisive when analytical fo-
cus moves away from languages and logical 
abstractions toward the structural costs that 
fundamentally shape performance.

This perspective is reinforced by Sto-
nebraker (2010), whose influential analysis 
demonstrates that many advantages histo-
rically attributed to the NoSQL ecosystem 
stem not from abandoning SQL itself but 
from removing four major sources of struc-
tural overhead: logging, locking, latching, 
and buffer management. His argument 
shows that high performance in modern 
systems largely results from eliminating the-
se traditional control mechanisms, rather 
than from rejecting the relational model. 
The study further demonstrates that signifi-
cant scalability can indeed be achieved while 
preserving ACID guarantees, provided that 
the system is reorganized to avoid these sys-
temic costs.

Efficiency debates evolve further with 
the integration of CPU and GPU resources 
for data processing. Zidan, Bonny, & Sa-
lama (2011) propose a hybrid architecture 
that distributes workloads between GPU 
and CPU according to sequence length, 
mitigating the underutilization of GPUs 
in very short executions. Their strategy de-
livers consistent throughput gains by ena-
bling cooperative processing between both 
hardware components, constituting a low-
-cost approach with immediate impact on 
applications sensitive to intensive sequential 
computation.

In cloud environments, performance 
concerns shift toward the effects of geogra-
phically distributed replication on latency 
and consistency. Islam (2012) compares 
three consistency-maintenance mechanis-
ms, classical models, quorum-based sche-
mes, and a hierarchical structure built upon 

a variant of Dijkstra’s algorithm, and shows 
that each performs more efficiently under 
specific combinations of bandwidth, packet 
loss, and traffic load. The study highlights 
that selecting an appropriate consistency 
mechanism is a decisive factor for sustai-
ning real scalability in distributed database 
systems.

Infrastructure considerations also be-
come critical when examining I/O patterns 
in NoSQL systems. Schindler (2013) shows 
that although these platforms typically 
employ local storage devices with software 
protocols to ensure availability, their access 
patterns increasingly resemble those of re-
lational systems, largely due to a shared re-
liance on write-ahead logging. The essential 
distinction lies in the predominance of hi-
gh-throughput inserts, contrasting with the 
multi-valued update operations characteris-
tic of traditional RDBMS workloads.

Empirical comparisons also expose re-
levant nuances across systems. Parker, Poe, 
& Vrbsky (2013) demonstrate that Mon-
goDB achieves superior performance in 
horizontally scalable scenarios, particular-
ly for insert and read operations, whereas 
SQL-based systems maintain advantages 
when applications require strict transactio-
nal integrity.

Analyses applied to large-scale do-
mains further deepen the assessment of te-
chnological trade-offs. Klein et al. (2015), 
examining MongoDB, Cassandra, and Riak 
across configurations ranging from single 
servers to nine-node clusters, report throu-
ghput levels between 225 and 3200 opera-
tions per second alongside substantial varia-
tions in read and write latency. Their results 
show that adopting strong consistency re-
duces throughput by 10–25%, highlighting 
the need for decisions grounded in careful 
balancing of consistency, availability, and 
partition tolerance.
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Performance disparities across dis-
tributed analytical engines are examined 
by Wouw et al. (2015), whose micro-ben-
chmarks on Hive, Impala, and Shark indi-
cate that engine behavior varies significantly 
with workload characteristics. Impala excels 
in CPU-bound scenarios, while Hive exhi-
bits constraints inherent to the Hadoop 
MapReduce model. Shark, by leveraging 
aggressive caching, delivers competitive per-
formance and emerges as a viable option 
for small and medium-sized organizations 
seeking a balanced compromise betwe-
en operational cost, scalability, and query 
efficiency.

The debate expands further when 
considering in-memory database architec-
tures. A systematic analysis by Wang et al. 
(2015) of nineteen IMDB systems unders-
cores their centrality for high-frequency 
transactional workloads, enabled by the eli-
mination of I/O bottlenecks and the abili-
ty to operate with lightweight replicas and 
high availability. The study proposes the 
V3 model—Velocity, Volume, and Variety, 
as an evaluative framework and shows that 
NewSQL systems are particularly effective 
for time-sensitive financial operations. It 
also recommends a three-tiered optimiza-
tion approach, memory access, kernel ac-
celeration, and partitioning, supported by 
hardware-level parallelism. Empirical tests 
confirm the superiority of VoltDB in high-
-frequency scenarios, while systems such as 
SQLite encounter scalability limitations.

Network infrastructure emerges as a 
decisive factor for distributed performance 
as well. Binnig et al. (2016) show that high-
-speed networks reduce communication la-
tency and significantly increase throughput, 
altering the traditional balance between lo-
cal processing and inter-node communica-
tion and reshaping the design of contempo-
rary distributed architectures.

In multi-tenant environments, in-me-
mory systems exhibit even more complex 
behavior. Paluch, Kienegger, & Krcmar 
(2018) demonstrate that performance fluc-
tuates according to workload intensity and 
heterogeneity, requiring finely tuned resour-
ce allocation to maintain adequate latency 
and throughput levels. Their analysis details 
the direct influence of CPU, memory, and 
I/O subsystems, emphasizing the need for 
adaptive management mechanisms to pre-
vent progressive performance degradation.

Concerns surrounding data security 
also influence performance behavior. The 
experimentation conducted by Mitterer et 
al. (2018) with the cryptographic database 
ZeroDB demonstrates that the privacy-by-
-design model, although robust in protec-
tion, imposes significant overhead due to 
multiple communication rounds between 
client and server. Compared to traditional 
systems assessed through TPC-C metrics, 
ZeroDB experiences pronounced declines in 
write and update operations, especially un-
der high-latency conditions, making it more 
suitable for scenarios in which security takes 
precedence over efficiency requirements.

The incorporation of persistent me-
mory technologies further redefines strate-
gies for handling commit-sensitive worklo-
ads. Tadakamadla et al. (2019) show that 
employing this memory class as a write 
cache substantially accelerates REDO log 
operations in Oracle systems, achieving 
gains of up to 22% in environments with 
I/O peaks and latency-sensitive conditions. 
The approach stands out for providing im-
mediate improvements without requiring 
changes to existing applications, offering a 
pragmatic alternative for rapidly expanding 
OLTP systems.
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Query acceleration and architectu-
ral optimization also reveal the expanding 
impact of specialized hardware on analyti-
cal workloads. Shanbhag, Madden, & Yu 
(2020) demonstrate through the Crystal 
model that GPUs produce substantial per-
formance gains, although the magnitude 
of these gains varies according to operator 
characteristics and hardware configurations. 
Operations such as selection, projection, 
and sorting approach the memory bandwi-
dth ratio, while joins exhibit more modest 
improvements. Still, the aggregate perfor-
mance surpasses this ratio in typical analyti-
cal scenarios, reaching approximately a 25× 
improvement over CPUs, driven by vectori-
zation limitations in the traditional operator 
pipeline.

The discussion on persistence and du-
rability in in-memory databases (IMDBs) 
takes on new depth in the work of Lee, Kim, 
& Yeom (2021), who investigate the impact 
of validity tracking on checkpointing effi-
ciency. By mitigating the requirement for 
additional memory and reducing the cost 
associated with periodically writing stable 
states, the VTC technique enhances the ro-
bustness of systems that rely on IMDBs for 
low-latency transactional performance.

The behavior of distributed storage 
systems under different network stacks is 
analyzed by Wang et al. (2022), who iden-
tify substantial throughput variations in 
workloads handling large volumes of key–
value pairs. Systems operating with large 
KVs tend to be limited by network bandwi-
dth, whereas workloads composed of smal-
ler KVs become constrained by CPU capa-
cities for packet processing. The interaction 
among network stack design, key–value 
distribution, and read/write patterns proves 
decisive for optimizing high-performance 
storage architectures.

Contemporary latency-mitigation 
strategies are further examined by Huang et 
al. (2023), whose analysis focuses on bottle-
necks arising from memory access, I/O ope-
rations, synchronization, and scheduling 
policies. The proposed engine, MosaicDB, 
employs advanced latency-hiding mecha-
nisms to reduce the impact of these factors 
in OLTP workloads. Experimental results 
demonstrate substantial improvements, es-
pecially in scenarios where storage latency 
and thread synchronization become domi-
nant constraints.

Experimental approaches aimed at ef-
ficient data transfer gain new interpretation 
in the study by Pang & Wang (2024), which 
combines simulations and empirical testing 
to characterize the behavior of different stra-
tegies using metrics of latency, resource con-
sumption (CPU, GPU, memory, and I/O), 
and scalability. The capacity to model dis-
tinct scenarios in a controlled environment, 
followed by practical validation, provides a 
precise understanding of the performance 
trade-offs inherent to large-scale data trans-
fer processes.

Transactional benchmarks remain es-
sential instruments for diagnosing bottlene-
cks in distributed architectures. The analysis 
conducted by Qu, Luyi et al. (2022) iden-
tifies significant gaps in existing benchmark 
suites, none of which integrate all critical 
factors associated with distributed transac-
tional processing. Their evaluation of di-
fferent architectures highlights recurrent 
chokepoints and reinforces the need for a 
comprehensive benchmark capable of si-
multaneously capturing coordination, repli-
cation, partitioning, and contention effects.

On a distinct yet equally fundamental 
research front, Carmeli et al. (2025) advan-
ce the theoretical foundations of Probability 
Databases (PDBs) in the infinite case, outli-
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ning the expressive power of representations 
that employ First-Order Logic (FO) views 
over tuple-independent PDBs (TI), a class 
referred to as FO(TI). Their analysis iden-
tifies deep probabilistic criteria for repre-
sentability and demonstrates that the fini-
te-moment property, although necessary, is 
insufficient for membership in FO(TI) – a 
result that exposes subtle expressive limits. 
Complementarily, they map the expressive 
power of FO fragments, showing that for 
infinite PDBs, hierarchies that collapse in 
the finite case remain strictly separated.

The complexity of distributed envi-
ronments also extends to the development 
lifecycle, an operational gap examined by 
Carvalho et al. (2025), who address holistic 
approaches for Distributed DBMSs. They 
highlight the disconnection between con-
ceptual modeling and physical deployment 
as a critical bottleneck. Although modeling 
tools (e.g., ER, UML) and deployment tools 
(e.g., Kubernetes, Terraform) exist, the lack 
of integration prevents effective automation 
of the transition from a unified model to 
a deployed system. The study consolidates 
this trajectory and advocates for the develo-
pment of a unified modeling language and 
corresponding automation tools to bridge 
this gap.

5. DISCUSSION

Discussing the results of this review 
requires integrating, contrasting, and criti-
cally evaluating the approaches identified 
across nearly two decades of publications. 
The selected studies reveal an ecosystem of 
solutions that evolves in direct response to 
the continuous growth in the volume, hete-
rogeneity, and complexity of data processed 
by Database Management Systems (DB-

MSs). These works converge toward four 
central analytical dimensions, data transfer 
strategies, methodological formalization, 
bottleneck identification, and performance 
prediction, and are distributed across twel-
ve research domains that span from classical 
optimization techniques to emerging archi-
tectures oriented toward vector-based data. 
Table 2 synthesizes this distribution, ena-
bling the identification of recurrent patter-
ns, thematic gaps, and technological trends 
that shape the state of the art in DBMS per-
formance. Building on this consolidation, 
the subsequent analysis is organized around 
conceptual convergences, methodological 
divergences, practical implications, and pro-
mising directions for future research.

The distribution of studies across the 
four analytical dimensions, Architecture 
(A), Computational Resources (R), Opera-
tional Integration (I), and Performance (P), 
reveals consistent patterns in how different 
methodological approaches investigate the 
mapped thematic domains. Although Tab-
le 2 provides a quantitative characterization 
of this relationship, the complementary 
graphical representation makes the structu-
ral variations between dimensions and do-
mains explicit, enabling the observation of 
the relative concentration of contributions, 
thematic overlap among technological 
approaches, and the prevalence of particular 
investigative axes. The visualization in Figu-
re 1 synthesizes how the studies are distribu-
ted across the twelve domains, highlighting 
not only the intensity of coverage in each 
segment but also potential asymmetries and 
emerging trends that shape a comprehensi-
ve understanding of the investigated lands-
cape. This integrated perspective forms the 
basis for the more in-depth analyses develo-
ped in the following subsections.
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Studies
Analytical 

Dimensions Research Domains

A R I P 1 2 3 4 5 6 7 8 9 10 11 12 *
Hellerstein, Stonebraker, 
& Hamilton (2007)

■ ■ ■ ■ ■ ■ ■ ■ ■

Abadi et al. (2007) ■ ■ ■ ■ ■ ■ ■ ■ ■
Pavlo et al. (2009) ■ ■ ■ ■ ■ ■
Stonebraker (2010) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Stonebraker et al. (2010) ■ ■ ■ ■ ■ ■ ■
Dean & Ghemawat (2010) ■ ■ ■ ■ ■
Garcia-Molina, Ullman, 
& Widom (2011)

■ ■ ■ ■ ■ ■ ■ ■

Elmore et al. (2011) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Chen, Chang, & Hou (2011) ■ ■ ■ ■ ■ ■
Cattell (2011) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Zidan, Bonny, & Salama (2011) ■ ■ ■ ■ ■ ■ ■ ■ ■
Islam (2012) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Abadi et al. (2013) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Das et al. (2013) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Schindler (2013) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Parker, Poe, & Vrbsky (2013) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Malpani & Bassi (2014) ■ ■ ■ ■ ■ ■ ■ ■
Kulshrestha & Sachdeva (2014) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Neumann (2014) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Ash & Lin (2014) ■ ■ ■ ■ ■ ■
Meyer et al. (2015) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Arora (2015) ■ ■ ■ ■
Elmore et al. (2015) ■ ■ ■ ■ ■ ■ ■
Klein et al. (2015) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Wouw et al. (2015) ■ ■ ■ ■ ■ ■ ■
Jung et al. (2015) ■ ■ ■ ■ ■ ■ ■ ■
Wang et al. (2015) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Tongkaw & Tongkaw (2016) ■ ■ ■ ■ ■
Binnig et al. (2016) ■ ■ ■ ■ ■
Tang & Fan (2016) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Kaur & Sachdeva  (2017) ■ ■ ■ ■ ■ ■ ■ ■
Mitterer et al. (2018) ■ ■ ■ ■ ■ ■ ■ ■ ■
Paluch, Kienegger, & Krcmar (2018) ■ ■ ■ ■ ■ ■ ■
Widiono (2019) ■ ■ ■ ■ ■ ■
Yang (2019) ■ ■ ■ ■ ■ ■ ■ ■ ■
Tadakamadla et al. (2019) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Khasawneh, AL-Sahlee, & Safia (2020) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Hairah & Budiman (2020) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Ingo & Daly (2020) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Shanbhag, Madden, & Yu (2020) ■ ■ ■ ■ ■ ■ ■
Lee, Kim, & Yeom (2021) ■ ■ ■ ■ ■ ■ ■ ■
Suh et al. (2022) ■ ■ ■ ■ ■ ■ ■ ■
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Do et al. (2022) ■ ■ ■ ■ ■ ■ ■
Wang et al. (2022) ■ ■ ■ ■ ■ ■ ■ ■ ■
Liu et al. (2022) ■ ■ ■ ■ ■ ■ ■
QU, Luyi et al. (2022) ■ ■ ■ ■ ■ ■ ■ ■
Patel, Choudhary, & Patil (2023) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Huang et al. (2023) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Casale (2024) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Pan, Wang, & Li (2024) ■ ■ ■ ■ ■ ■ ■ ■
Taipalus (2024a) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Taipalus (2024b) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Pang & Wang (2024) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
Carmeli et al. (2025) ■ ■ ■
Carvalho et al. (2025) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
This Study ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

Analytical Dimensions: (A) Analysis of data transfer strategies; (R) Representation/Formalization of the data 
transfer methodologies employed; (I) Identification of bottlenecks in data transfer processes; (P) Performance 

prediction based on different data transfer strategies. Research Domains: (1) Database analysis; (2) Data transfer; 
(3) Data volume; (4) Database techniques; (5) Database configurations; (6) Strategies; (7) Performance; (8) Effi-
ciency; (9) Scalability; (10) Cloud and Big Data; (11) Resource usage, read latency, write latency, update latency, 
CPUs, GPUs, memory, and I/O; (12) Vector Database Management Systems, including metrics specific to vector 

data processing, execution time of vector queries, vector read and write latency, operation accuracy, and hardware/
software resource utilization. (*) Related Work: Literature Review.

Table 2. Synthesis of the Analyzed Studies

Source: Author (2025)

The quantitative distribution of the analyzed studies, crossing the four Analytical Dimensions, Archi-
tecture (A), Resources (R), Implementation (I), and Properties (P), with the twelve Research Domains 
classified in the review. Each bar represents the frequency of studies simultaneously associated with a 

given dimension and a specific domain. This representation enables the visualization of structural pat-
terns, the identification of thematic concentrations, and the exposure of relevant gaps in the contempo-

rary literature on distributed database systems.

Figure 1. Correlation Between Analytical Dimensions and Thematic Domains

Source: Author (2025)
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5.1 Convergence of Approaches 
and Core Technological Patterns

The analysis of the reviewed studies 
reveals recurring patterns in the solutions 
proposed for optimizing performance, ef-
ficiency, and scalability in Database Ma-
nagement Systems (DBMSs). Classical te-
chniques, such as partitioning, replication, 
query optimization strategies, and index 
tuning, coexist with modern hardware-o-
riented approaches, including the use of 
persistent memory, GPUs, and in-memory 
architectures (Dean & Ghemawat, 2010; 
Stonebraker et al., 2010; Tadakamadla et 
al., 2019; Shanbhag, Madden, & Yu, 2020). 
This convergence suggests that, regardless 
of technological generation or data model, 
the fundamental challenges of throughput, 
latency, and scalability remain central to 
DBMS engineering.

From an architectural and operational 
standpoint, different paradigms, traditional 
SQL, NoSQL, NewSQL, and VDBMSs, 
share the need to balance consistency, avai-
lability, and data partitioning, in alignment 
with the principles of the CAP theorem 
(Klein et al., 2015). Recent studies show that 
the effectiveness of NoSQL and NewSQL 
systems depends not only on the flexibility 
of their models but also on strategies for pa-
rallelism and workload distribution (Elmore 
et al., 2015; Taipalus, 2024a; Patel, Chou-
dhary, & Patil, 2023). Thus, technological 
convergence emerges more strongly in the 
mechanisms of resource management and 
performance optimization than in purely 
conceptual characteristics of data modeling.

Trade-offs among performance, scala-
bility, and consistency form a critical axis of 
analysis. Empirical evaluations in distribu-
ted clusters indicate that replication strate-
gies and consistency levels significantly af-

fect metrics such as throughput, read/write 
latency, and CPU/GPU usage (Widiono, 
2019; Klein et al., 2015). For instance, the 
adoption of strong consistency can reduce 
throughput by 10–25% (Klein et al., 2015), 
demonstrating that configuration decisions 
must be tailored to specific operational 
scenarios, considering workload characte-
ristics, fault tolerance, and data integrity 
requirements.

The use of specialized hardware consti-
tutes another decisive vector for performan-
ce. Architectures that combine CPU and 
GPU for cooperative processing (Zidan, 
Bonny, & Salama, 2011), in-memory sys-
tems (Wang et al., 2015), and persistent me-
mory employed as a write cache (Tadakama-
dla et al., 2019) exhibit substantial gains in 
throughput and latency reduction for both 
analytical and transactional workloads. 
However, such solutions also involve opera-
tional challenges, including high infrastruc-
ture costs, the need for efficient parallelism, 
and adjustments to execution pipelines. 
These factors reinforce the importance of 
decision-making grounded in rigorous ex-
perimental analysis.

Methodological integration between 
traditional and emerging solutions points 
to promising directions for future resear-
ch. Persistent gaps in the convergence of 
graph and relational databases highlight 
opportunities for hybrid optimization (Do 
et al., 2022), as well as in the exploration 
of high-dimensional vector data, whose 
structural complexity demands advanced 
indexing and query-processing techniques 
(Pan, Wang, & Li, 2024; Taipalus, 2024b). 
These emerging fields underscore the need 
for holistic approaches that simultaneously 
consider data modeling, computational in-
frastructure, and operational metrics, the-
reby consolidating DBMS engineering as a 
highly multidimensional discipline.
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5.2 Practical Implications

The evidence gathered in this review 
indicates that the adoption of specific data-
base solutions directly affects the efficiency, 
integrity, and operational robustness of sys-
tems. Studies involving MariaDB clusters, 
for example, show that well-configured par-
titioning and replication strategies substan-
tially increase throughput and availability 
(Widiono, 2019). Likewise, investigations 
of ORM frameworks in web applications re-
veal that performance bottlenecks often arise 
from application design rather than inherent 
limitations of the underlying DBMS, un-
derscoring the need for refined adjustments 
in the interaction between application and 
database layers (Yang, 2019). These findin-
gs suggest that, to maximize practical bene-
fits, technical configuration must be aligned 
with the predominant workload profile and 
the specific architecture of the system.

The use of specialized hardware, such 
as GPUs and persistent memory, demons-
trates significant gains in high-volume 
transactional and analytical environments. 
Recent studies show that GPU acceleration 
can increase aggregate performance by up to 
25× in typical analytical operations, while 
persistent memory optimizes commit-rela-
ted operations in OLTP systems, reducing 
latency without requiring application-level 
changes (Shanbhag, Madden, & Yu, 2020; 
Tadakamadla et al., 2019). However, inte-
grating these resources entails substantial 
costs and demands compatible infrastructu-
re, reinforcing the importance of thorough 
cost–benefit analysis and efficient resource-
-allocation strategies.

The analyses also reveal gaps in the 
practical application of emerging techno-
logies, such as vector databases (VDBMSs) 
and probabilistic systems, which still lack 

maturity and adequate management tools 
(Taipalus, 2024b; Carmeli et al., 2025). 
These gaps indicate that the transfer of te-
chnical knowledge into operational settings 
must account for current limitations, risks 
of computational overhead, and the need 
for integration with established architec-
tures. Thus, adopting advanced solutions 
requires not only a deep understanding of 
each technology, but also controlled imple-
mentation practices and continuous expe-
rimentation to validate their impact across 
diverse usage contexts.

5.3 Future Research Directions

Despite consolidated advances in the 
evaluation of performance, efficiency, and 
scalability of Database Management Systems 
(DBMSs), this review reveals critical gaps 
that delineate the scope of future research. 
An emerging field concerns the integration 
of hybrid approaches across relational data-
bases, NoSQL, NewSQL, and VDBMSs, 
whose potential to serve heterogeneous 
workloads still lacks systematic investigation 
(Patel, Choudhary, & Patil, 2023; Taipalus, 
2024b). Studies indicate that convergence 
among different data models can maximi-
ze flexibility and throughput, but it requi-
res sophisticated strategies for partitioning, 
load balancing, and transactional consisten-
cy, areas that remain insufficiently explored 
in production scenarios.

Another critical point is the need 
for more robust monitoring and automa-
ted performance-anomaly detection tools 
for distributed databases. The use of fra-
meworks such as AMOEBA shows that au-
tomated mechanisms can expose bottlene-
cks undetectable by traditional techniques, 
yet generalizing these approaches across 
multiple DBMS types remains limited (Liu 
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et al., 2022). Progress in this direction could 
support proactive optimization decisions, 
mitigating performance degradation in en-
vironments with high concurrency and va-
riable load.

Vector and probabilistic databases re-
present promising frontiers for handling 
complex, high-dimensional data. Research 
on hybrid query support, indexing optimi-
zations in memory and on disk, as well as 
compression and distributed parallelism, 
requires additional studies to validate scala-
bility, accuracy, and efficiency in real-world 
applications (Pan, Wang, & Li, 2024; Car-
meli et al., 2025). Complementarily, inte-
grating VDBMSs with established relational 
and NoSQL architectures still poses signifi-
cant technical challenges, including resource 
management, data coherence, and interope-
rability among diverse storage mechanisms.

The analysis suggests that future re-
search should address not only raw perfor-
mance but also reliability, resilience, securi-
ty, and energy sustainability. Multi-tenant 
scenarios, massive workloads, and cloud 
environments demonstrate that DBMS op-
timization demands a holistic approach that 
jointly considers hardware, software, and 
distributed architecture (Paluch, Kienegger, 
& Krcmar, 2018; Wang et al., 2022). Con-
solidating these elements will enable the de-
velopment of systems that are more adapta-
ble, resilient, and prepared for the increasing 
complexity of contemporary data.

6. CONCLUSION

The consolidation of the results pre-
sented in this review demonstrates that 
performance and scalability in database ma-
nagement systems do not depend solely on 
isolated solutions, but rather on the syner-

gistic articulation of storage mechanisms, 
distribution strategies, consistency models, 
and specialized computational resources. 
The comparative analyses revealed that tra-
ditional and emerging approaches converge 
toward common structural challenges, indi-
cating that the evolution of DBMSs requires 
both technical innovations and conceptual 
revisions regarding how data is organized 
and processed at scale. Given this comple-
xity, it becomes essential to synthesize the 
main findings, establish evidence-based re-
commendations, and outline implications 
for future research—objectives undertaken 
in this final section.

6.1 Summary of Key Findings

This review systematized techniques 
and solutions aimed at optimizing perfor-
mance and efficiency in database manage-
ment systems. Established strategies such 
as partitioning and replication (Widiono, 
2019; Klein et al., 2015) proved effective 
in maintaining data integrity, availability, 
and scalability. In parallel, emerging te-
chnologies, including GPU acceleration 
(Shanbhag, Madden, & Yu, 2020) and per-
sistent memory (Tadakamadla et al., 2019), 
demonstrated substantial performance 
gains, particularly in high-intensity analyti-
cal scenarios and distributed workloads.

6.2 Recommendations

It is recommended that consolidated 
techniques for partitioning and replication 
be adopted in database clusters to maximi-
ze availability and integrity, as evidenced by 
Widiono (2019) and Klein et al. (2015). 
The incorporation of specialized hardware, 
such as GPUs (Shanbhag, Madden, & Yu, 
2020) and persistent memory (Tadakama-



DOI https://doi.org/10.22533/at.ed.3175925041212

A
rt

ic
le

 1
2

PE
RF

O
RM

A
N

CE
, E

FF
IC

IE
N

CY
, A

N
D

 S
CA

LA
BI

LI
TY

 IN
 D

AT
A

BA
SE

 M
A

N
A

G
EM

EN
T 

SY
ST

EM
S:

 A
 C

RI
TI

CA
L 

A
N

D
 A

N
A

LY
TI

CA
L 

RE
VI

EW
 O

F 
SP

EC
IA

LI
ZE

D
 R

ES
EA

RC
H

19

dla et al., 2019), offers significant perfor-
mance gains but requires careful evaluation 
of cost and operational complexity.

For future investigations, emphasis 
should be placed on integrating graph and 
relational databases (Do et al., 2022) and 
advancing robust tools for anomaly detec-
tion and performance-bug diagnosis (Liu et 
al., 2022). Within emerging perspectives, 
the study and enhancement of VDBMSs 
and vector-data management techniques 
(Taipalus, 2024b; Pan, Wang, & Li, 2024) 
represent promising areas to address the 
growing complexity of multimodal and hi-
gh-dimensional data.

6.3 Final Considerations

The evolution of distributed databases 
and emerging systems such as NewSQL and 
VDBMSs represents a strategic response to 
contemporary demands for high availability, 
consistency, and performance (Patel, Chou-
dhary, & Patil, 2023; Taipalus, 2024b). The 
solutions identified in this review illustra-
te technically viable paths for optimizing 
throughput, latency, and scalability. Howe-
ver, critical challenges persist, including the 
integration of heterogeneous architectures, 
operational complexity, and limitations in 
high-volume multimodal data environ-
ments. Continued empirical studies, con-
trolled simulations, and the development 
of diagnostic and optimization tools are 
therefore essential to ensure that database 
systems remain resilient and adaptable to 
future needs.
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