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INTRODUCTION 
 

 The expanding volume and complexity of data 

necessitate robust management solutions, particularly for 

geographically dispersed organizations. Distributed 

Database Management Systems (DDBMS) have 

emerged as a powerful tool in this domain, offering 

significant advantages over traditional centralized 

systems. As highlighted by Orlunwo & Prince (2021), 

DDBMS offers improved performance by leveraging 

multiple resources, increased availability through data 

redundancy, distributed access enabling remote 

collaboration, and enhanced data analysis capabilities 

across geographically separated sites. 

 

 Despite these advantages, selecting the most 

suitable DDBMS architecture for a specific application 

remains a challenge. Several common architectures exist, 

each with its strengths and weaknesses. Client-server, 

peer-to-peer, and multi-DBMS architectures offer 

distinct functionalities and cater to different application 

needs. 

  

 While existing research offers valuable insights 

into the individual characteristics of these architectures, 

a comprehensive comparison across performance, 

availability, accessibility, and data analysis capabilities 

is lacking. Azizah et al. (2022) acknowledge the 

importance of these factors for DDBMS selection, but a 

systematic comparison is still rare. 

 This knowledge gap presents a significant 

barrier to optimal DDBMS selection. Without a clear 

understanding of how these architectures perform in each 

key area, organizations may struggle to identify the most 

suitable solution for their specific needs. 

 

 This literature review aims to address this gap by 

systematically analyzing and comparing the three 

common DDBMS architectures (Client-Server, Peer-to-

Peer, and Multi-DBMS) across performance, 

availability, accessibility, and data analysis 

characteristics. Through this analysis, the review aims to 

identify the key factors that differentiate the suitability of 

each architecture for specific application scenarios based 

on their strengths and weaknesses. This paper seeks to 

provide a comprehensive framework to guide 

organizations in selecting the most appropriate DDBMS 

architecture for their diverse application needs. 

OBJECTIVES OF THE STUDY 

 The primary objective of this study is to explore 

and compare the common Distributed Database 

Management System (DDBMS) architectures—Client-

Server, Peer-to-Peer, and Multi-DBMS—in terms of 
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their performance, availability, accessibility, and data 

analysis capabilities. 

 Specifically, this study aims to: 

• Identify and examine the characteristics of 

common Distributed Database Management 

System (DDBMS) architectures, namely Client-

Server, Peer-to-Peer, and Multi-DBMS 

architectures. 

• Compare the performance of the selected 

DDBMS architectures in terms of speed, 

scalability, efficiency, and query processing 

capabilities. 

MATERIALS AND METHODS 

This study employs a systematic literature 

review based on the original guidelines introduced by 

Kitchenham (2007), which propose identifying, 

evaluating, and interpreting all primary studies related to 

the topic of interest. The steps in this review method are 

documented below. 

 

Research Questions 

The research questions addressed by this study are: 

 

Table 1. The research questions addressed by this 

study. 

RQ1 How do the common DDBMS 

architectures (Client-Server Architecture, 

Peer-to-peer Architecture, and Multi 

DBMS Architecture) compare in terms of 

their performance, availability, 

accessibility, and data analysis 

characteristics? 

RQ2 What are the key factors that differentiate 

the suitability of each DDBMS 

architecture for specific application 

scenarios based on their strengths and 

weaknesses? 

 

To ensure the selection of relevant studies, this 

review employed the PICOC criteria (Population, 

Intervention, Comparison, Outcomes, and Context). 

Table 2 outlines the application of the criteria in this 

study. 

 

Table 2. The definition of PICOC criteria. 

Criterion Description 

Population Common Distributed Database 

Management Systems (DDBMS) 

architectures (Client-Server, 

Peer-to-Peer, Multi-DBMS) 

Intervention Not applicable 

Comparison Performance, Availability, 

Accessibility, Data Analysis 

characteristics 

Outcomes How the architectures compare 

based on the chosen 

characteristics 

Context Specific application scenarios 

 

The RQ1 focuses on comparing the 

characteristics (Outcomes) of different DDBMS 

architectures (Population) based on performance, 

availability, accessibility, and data analysis capabilities 

(Comparison). The RQ2 shifts the (Context) to specific 

application scenarios. It asks what factors (Outcomes) 

make each architecture (Population) more suitable for 

different applications based on their strengths and 

weaknesses. 

 

Since this study focuses on a comparative 

analysis of existing Distributed Database Management 

Systems (DDBMS) architectures, the "Intervention" 

element within the PICOC criteria is not applicable. 

 

Search Process 

For the formulation of the search chain, concepts 

were established to allow greater precision in the relevant 

information results. These concepts were formed from 

the combination of the terms previously defined in the 

Population, Comparison, Outcomes, and Context criteria 

established in Table 2 and their synonyms corresponding 

to each term. 
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Search terms. The population, comparison, 

outcomes, and context criteria were considered for the 

extraction of studies. 

The search for literature related to the study was 

conducted on Google Scholar (scholar.google.com). This 

choice was made due to Google Scholar's ability to 

aggregate papers from various research databases, 

including but not limited to Web of Science, Scopus, 

PubMed, IEEE Xplore, ACM Digital, Library, and 

SpringerLink, making it a valuable resource for 

accessing relevant research dispersed across multiple 

databases. 

 

Inclusion and Exclusion Criteria 

To ensure the relevance and quality of the 

studies selected for this review, certain inclusion and 

exclusion criteria were established: 

 

Inclusion Criteria 

The inclusion criteria focus on the factors and 

conditions that need to exist so that we can select the 

paper and include it in the primary studies list. The 

criteria are mentioned below: 

1. The paper answers the RQs, either with a full or 

a partial. 

2. The paper's publication date is 2019 and above. 

3. The paper should exist on one of the primary 

sources (Scopus, IEEE Xplorer, ACM Digital 

Library, Web of Science, and Google Scholar) if 

a snowballing search happened. 

 

Exclusion Criteria 

The exclusion criteria focus on the factors and 

conditions that cause the paper to be excluded from the 

primary studies list. The criteria are mentioned below: 

1. The paper's publication date is before 2019. 

2. The paper's author is not known. 

3. The paper does not answer the RQs. 

4. The paper is considered a duplicate of another 

paper with a different title, and the researcher 

opted for the most recent version. 

 

 

 

Data Extraction 

The data extracted from each study included the 

following information: 

 

Table 3. The data extraction form format. 

Field Description Type of 

Information 

ID Unique code to 

identify the scientific 

article 

General 

Year Year of publication General 

Title Title of the scientific 

article 

General 

Author Author(s), their 

institution, and the 

country where it is 

located 

General 

Source Source (journal or 

conference) and full 

reference 

General 

Abstract Summary of the 

study, including the 

primary research 

questions and their 

corresponding 

answers 

General 

Architectural 

Model 

Refers to a specific 

type of Distributed 

Database 

Management System 

(DDBMS) 

architecture discussed 

in the literature 

General 

Performance Performance of the 

architecture in terms 

of speed, efficiency, 

etc., as discussed in 

the literature 

Related to 

question 1 

Availability Availability of the 

architecture in terms 

Related to 

question 1 
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of uptime, fault 

tolerance, etc., as 

discussed in the 

literature 

Accessibility Accessibility of the 

architecture is in 

terms of ease of use, 

scalability, etc., as 

discussed in the 

literature 

Related to 

question 1 

Data 

Analysis 

Characteristics of the 

architecture related to 

data analysis as 

discussed in the 

literature 

Related to 

question 1 

Strengths Advantages 

highlighted in the 

literature for the 

architecture 

Related to 

question 2 

Weaknesses Limitations discussed 

in the literature for the 

architecture 

Related to 

question 2 

Suitability 

for Specific 

Scenarios 

Specific application 

scenarios where the 

literature discusses 

the suitability of the 

architecture based on 

its strengths and 

weaknesses 

Related to 

question 2 

 

Data Analysis 

The data was organized in a tabulated format to 

showcase the following information: 

• The details of obtained relevant articles. 

• The comparative analysis of performance across 

common DDBMS architectures. 

• The comparative analysis of availability across 

common DDBMS architectures. 

• The comparative analysis of accessibility across 

common DDBMS architectures. 

• The comparative analysis of data analysis across 

common DDBMS architectures. 

• The analysis of strengths across common 

DDBMS architectures. 

• The analysis of weaknesses across common 

DDBMS architectures. 

• The analysis of suitability for specific scenarios 

across common DDBMS architectures. 

 

The results of the data analysis were presented in the 

"Results" section. A comprehensive summary of the 

extracted data and the synthesis of findings was 

provided. The data were presented using tables to 

facilitate understanding and comparison across studies. 

RESULTS AND DISCUSSION 

RESULTS 

Search Results 

By utilizing the search chain that was established 

beforehand, several articles were collected from all the 

databases. After applying the inclusion and exclusion 

criteria determined later, a total of fifteen (15) relevant 

articles were selected, with five (5) articles per 

Distributed Database Management System (DDBMS) 

architecture. The details of these papers are summarized 

in Table 4. 

 

Table 4. The details of obtained relevant articles. 

ID Literature Architectural 

Model 

RR01 (Jinadu et al., 2021) Client-Server 

RR02 (Abdelhafiz, 2020) Client-Server 

RR03 (Naik, 2019) Client-Server 

RR04 (Ojekudo & Eze, 2021) Client-Server 

RR05 (Kyaw & Aung, 2020) Client-Server 

RR06 (Ezechiel et al., 2019) Peer-to-Peer 

RR07 (Ramesh et al., 2022) Peer-to-Peer 

RR08 (Fazlali et al., 2019) Peer-to-Peer 

RR09 (Sarode, 2021) Peer-to-Peer 

RR10 (Ahmed et al., 2021) Peer-to-Peer 
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RR11 (Chiara Forresi et al., 

2021) 

Multi DBMS 

RR12 (Holubova et al., 2021) Multi DBMS 

RR13 (Esposito et al., 2021) Multi DBMS 

RR14 (Groppe & Groppe, 2020) Multi DBMS 

RR15 (Lu & Holubová, 2019) Multi DBMS 

 

RQ1: How do the common DDBMS architectures 

(Client-Server Architecture, Peer-to-peer 

Architecture, and Multi DBMS Architecture) 

compare in terms of their performance, availability, 

accessibility, and data analysis characteristics? 

 

To address this research question, a 

comprehensive review of relevant literature was 

conducted, analyzing how common DDBMS 

architectures (Client-Server, Peer-to-Peer, and Multi-

DBMS) compare in terms of performance, availability, 

consistency, and security characteristics.  

 

Table 5. The comparative analysis of performance 

across common DDBMS architectures. 

Performance 

Client-Server Offers improved performance 

through techniques like distributed 

storage pools, parallel processing, 

and optimized query processing 

(Jinadu et al., 2021; Abdelhafiz, 

2020; Ojekudo & Eze, 2021).  

Peer-to-Peer The potential for scalability and 

high-throughput computing 

suggests potential performance 

benefits (Fazlali et al., 2019). 

Blockchain technology can enable 

faster transactions compared to 

traditional protocols (Sarode, 

2021).  

Multi-DBMS Performance might vary depending 

on the specific implementation. 

Some systems might achieve good 

performance by optimizing for 

specific queries involving data 

from multiple sources (Forresi et 

al., 2021). 

Table 5 shows the comparative analysis of 

performance across common DDBMS architectures. 

 

Table 6. The comparative analysis of availability across 

common DDBMS architectures. 

Availability 

Client-

Server 

High availability (HA) can be 

achieved through storage 

virtualization, Redundant Array of 

Independent Disks (RAID) 

technology, and backups (Jinadu et 

al., 2021; Abdelhafiz, 2020). 

Distributed architecture inherently 

reduces the risk of a single point of 

failure (Abdelhafiz, 2020).  

Peer-to-Peer Fault tolerance is a potential benefit 

due to data replication across peers 

(Ezechiel et al., 2019; Ramesh et 

al., 2022). Blockchain technology 

can further enhance fault tolerance 

(Ramesh et al., 2022). 

Multi-

DBMS 

Data availability might be 

improved through potential 

distribution across different DBMS 

(Forresi et al., 2021). Security 

mechanisms using blockchain can 

potentially improve data 

availability by restricting 

unauthorized access (Esposito et 

al., 2021). 

 

Table 6 shows the comparative analysis of 

availability across common DDBMS architectures. 

 

Table 7. The comparative analysis of accessibility 

across common DDBMS architectures. 

Accessibility 
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Client-

Server 

Ubiquitous data access is possible 

through distributed resource pools 

and location transparency (Jinadu et 

al., 2021). However, setting up 

access for users might be complex 

compared to local data access 

(Naik, 2019). Server-based 

architecture can potentially scale to 

accommodate more clients without 

impacting individual performance 

(Ojekudo & Eze, 2021). 

Peer-to-Peer Accessibility discussions are 

limited in the reviewed papers. 

Multi-

DBMS 

A multistore concept suggests 

potential benefits for data 

accessibility across different data 

models or storage locations (Forresi 

et al., 2021). Distributed access 

control mechanisms can potentially 

improve accessibility by managing 

user access (Esposito et al., 2021). 

 

Table 7 shows the comparative analysis of 

accessibility across common DDBMS architectures. 

 

Table 8. The comparative analysis of data analysis 

across common DDBMS architectures. 

Data Analysis 

Client-

Server 

Scalability, parallel processing, 

and the ability to access data from 

multiple heterogeneous databases 

make it suitable for big data 

analysis (Jinadu et al., 2021; Naik, 

2019). However, data analysis 

tasks might require additional steps 

to locate and integrate relevant data 

from different servers (Naik, 

2019). 

Peer-to-Peer The distributed nature of data 

might require additional steps for 

locating and integrating data for 

analysis tasks (Ezechiel et al., 

2019; Ramesh et al., 2022). 

Blockchain technology can 

potentially facilitate secure data 

sharing for collaborative data 

analysis (Ramesh et al., 2022). 

Specific functionalities like using a 

BST for efficient data organization 

can improve performance for 

specific data analysis tasks 

involving multi-attribute range 

queries (Ahmed et al., 2021). 

Multi-

DBMS 

A significant advantage for data 

analysis tasks that involve 

integrating data from various 

sources with potentially diverse 

formats (Forresi et al., 2021; 

Holubova et al., 2021; Lu & 

Holubová, 2019). MMDBMS 

allows querying across different 

data models, enabling 

comprehensive data analysis tasks 

(Chiara Forresi et al., 2021). 

 

Table 8 shows the comparative analysis of data 

analysis across common DDBMS architectures. 

 

RQ2: What are the key factors that differentiate the 

suitability of each DDBMS architecture for specific 

application scenarios based on their strengths and 

weaknesses? 

 

To address this research question, a 

comprehensive review of relevant literature was 

conducted, aiming to identify the factors that 

differentiate the suitability of each DDBMS architecture 

(Client-Server, Peer-to-Peer, and Multi-DBMS) based 

on their strengths and weaknesses. 

 

Table 9. The analysis of strengths across common 

DDBMS architectures. 

Strengths  

Client-

Server 

Scalability: Well-suited for large-

scale deployments with growing 
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data volumes (Abdelhafiz, 2020; 

Kyaw & Aung, 2020). 

 

Improved Data Availability and 

Fault Tolerance: Offers high 

availability and redundancy 

mechanisms for critical data 

(Jinadu et al., 2021; Abdelhafiz, 

2020) 

 

Support for Heterogeneous 

Databases: Can integrate with 

various database management 

systems (Naik, 2019) 

 

Partial Data Distribution: Enables 

distribution of specific data subsets 

for optimized management (Naik, 

2019) 

 

Optimized Query Processing: Can 

leverage specific functionalities for 

efficient query processing within 

the architecture (Ojekudo & Eze, 

2021) 

Peer-to-Peer Decentralization: Eliminates 

central points of failure and 

promotes data ownership 

distribution (Ezechiel et al., 2019]; 

Ramesh et al., 2022) 

 

Security: Blockchain integration 

can enhance data security and 

privacy in specific scenarios 

(Ramesh et al., 2022l; Sarode, 

2021) 

 

Scalability: Generally considered 

highly scalable due to distributed 

data storage (Fazlali et al., 2019) 

 

Improved Transaction Efficiency 

(with specific protocols): 

Architectures using Raft consensus 

mechanisms can achieve high 

transaction efficiency (Fazlali et al., 

2019) 

 

Efficient Range Queries (with 

specific protocols): Distributed 

Binary Search Tree (DBST) 

integration can enable efficient 

searches for specific data attributes 

(Ahmed et al., 2021) 

Multi-

DBMS 

Integration of Heterogeneous Data 

Sources: Allows seamless access 

and querying of data from diverse 

Database Management Systems 

(DBMS) (Forresi et al., 2021; 

Holubova et al., 2021) 

 

Data Modeling Flexibility: 

Accommodates various data models 

and structures used by different 

Database Management Systems 

(DBMS) (Groppe & Groppe, 2020; 

[Lu & Holubová, 2019) 

 

Unified Data Access and Querying: 

Provides a single interface for 

accessing and querying data across 

different sources (Holubova et al., 

2021; Esposito et al., 2021) 

 

Potential for Improved 

Performance: Carefully designed 

Multi-DBMS architectures might 

leverage platform-specific 

functionalities for optimized 

performance (Groppe & Groppe, 

2020) 

 

Table 9 shows the analysis of strengths across 

common DDBMS architectures. 
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Table 10. The analysis of weaknesses across common 

DDBMS architectures. 

Weaknesses  

Client-

Server 

Complexity: Requires careful 

design and management compared 

to simpler architectures 

(Abdelhafiz, 2020) 

 

Increased Response Times: 

Complex communication paths 

between clients and servers can 

introduce latency (Abdelhafiz, 

2020). 

Peer-to-Peer Data Consistency and Conflicts: 

Maintaining data consistency across 

distributed nodes can be 

challenging (Ezechiel et al., 2019) 

 

Complexity of Consensus 

Mechanisms: Reaching agreement 

on data updates in decentralized 

systems can introduce complexity 

(Fazlali et al., 2019) 

 

Potential Challenges with Large-

Scale Adoption: Complexity might 

hinder broader application in large-

scale deployments (Sarode, 2021) 

Multi-

DBMS 

Complexity of Data Integration and 

Management: Integrating and 

managing data across various 

systems can be a significant 

challenge (Forresi et al., 2021; 

Esposito et al., 2021) 

 

Overhead of Query Optimization: 

Optimizing queries across diverse 

data sources can introduce 

additional processing overhead 

(Forresi et al., 2021) 

 

Challenges in Schema Design and 

Representation: Ensuring 

consistent data representation 

across heterogeneous systems 

requires careful design (Holubova 

et al., 2021) 

 

Table 10 shows the analysis of weaknesses 

across common DDBMS architectures. 

 

Table 11. The analysis of suitability for specific 

scenarios across common DDBMS architectures. 

Suitability for Specific Scenarios 

Client-

Server 

Cloud-based big data applications 

(Jinadu et al., 2021) 

 

Applications requiring high data 

availability and fault tolerance 

(Abdelhafiz, 2020; Kyaw & Aung, 

2020) 

 

Distributed applications with partial 

data distribution or needing 

integration with heterogeneous 

databases (Naik, 2019) 

 

Optimized query processing in 

distributed database systems 

(Ojekudo & Eze, 2021) 

Peer-to-Peer Scenarios with limited data updates 

and a focus on data availability 

(Ezechiel et al., 2019) 

 

Secure data sharing and 

collaboration in specific domains, 

leveraging blockchain technology 

(Ramesh et al., 2022) 

 

High-throughput distributed 

computing applications requiring 

strong consistency, potentially 

using Raft consensus mechanisms 

(Fazlali et al., 2019) 
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Specific scenarios requiring fast 

and secure P2P transactions with 

manageable complexity, potentially 

using blockchain (Sarode, 2021) 

 

Distributed systems requiring 

efficient multi-attribute range 

queries, potentially using DBST 

(Ahmed et al., 2021) 

Multi-

DBMS 

Organizations with diverse data 

sources requiring integration 

(Forresi et al., 2021; Holubova et 

al., 2021) 

 

Applications requiring seamless 

data integration from various 

sources (Esposito et al., 2021; Lu & 

Holubová, 2019) 

 

Organizations managing data across 

diverse platforms and models, 

potentially leveraging platform-

specific functionalities (Groppe & 

Groppe, 2020) 

 

Table 11 shows the analysis of suitability for 

specific scenarios across common DDBMS 

architectures. 

DISCUSSION 

This section delves into the key findings 

presented in the Results section, aiming to provide a 

comprehensive understanding of the comparative 

analysis of common Distributed Database Management 

System (DDBMS) architectures, namely Client-Server, 

Peer-to-Peer, and Multi-DBMS architectures. It will also 

address the key factors that differentiate the suitability of 

each DDBMS architecture for specific application 

scenarios based on their strengths and weaknesses. 

 

Comparative Analysis of DDBMS Architectures 

Performance. In terms of performance, the 

Client-Server architecture demonstrates improved 

performance through distributed storage pools, parallel 

processing, and optimized query processing techniques. 

However, the potential impact of network overhead on 

performance, compared to local data access, is 

acknowledged. Peer-to-peer architectures suggest 

scalability and high-throughput computing benefits, 

while Multi-DBMS performance varies depending on the 

specific implementation. Understanding these nuances is 

crucial for selecting the most suitable architecture based 

on performance requirements. 

 

Availability. The availability analysis highlights 

that Client-Server architectures achieve high availability 

through storage virtualization, RAID technology, and 

backups. Peer-to-Peer architectures benefit from fault 

tolerance due to data replication and Multi-DBMS 

architectures potentially improve data availability 

through distribution across different DBMS. Blockchain 

technology is noted for enhancing fault tolerance and 

security mechanisms in both Peer-to-Peer and Multi-

DBMS architectures. However, specific discussions on 

availability mechanisms in Multi-DBMS architectures 

are limited. 

 

Accessibility. In terms of accessibility, Client-

Server architectures enable ubiquitous data access 

through distributed resource pools and location 

transparency. However, the complexity of setting up 

access for users is noted. Peer-to-peer accessibility 

discussions are limited, while Multi-DBMS architectures 

suggest benefits for data accessibility across different 

data models or storage locations. Distributed access 

control mechanisms are identified as potential enhancers 

for accessibility in Multi-DBMS architectures. 

 

Data Analysis. The data analysis comparison 

reveals that Client-Server architectures are suitable for 

big data analysis due to scalability, parallel processing, 

and the ability to access data from multiple 

heterogeneous databases. Peer-to-peer architectures may 

require additional steps for locating and integrating data 

for analysis tasks. Multi-DBMS architectures offer 

significant advantages for data analysis tasks that involve 

integrating data from various sources with potentially 

diverse formats. 
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Strengths and Weaknesses Analysis 

Client-Server. Strengths of the Client-Server 

architecture include scalability, improved data 

availability, fault tolerance, support for heterogeneous 

databases, partial data distribution, and optimized query 

processing. However, weaknesses include complexity in 

design and management, leading to potential challenges 

and increased response times. 

 

Peer-to-peer. Peer-to-peer architectures exhibit 

strengths such as decentralization, security through 

blockchain integration, scalability, and efficiency in 

specific scenarios. Weaknesses include challenges in 

maintaining data consistency across distributed nodes, 

complexity in consensus mechanisms, and potential 

hindrances in large-scale adoption. 

 

Multi-DBMS. The strengths of Multi-DBMS 

architectures lie in the integration of heterogeneous data 

sources, data modeling flexibility, unified data access 

and querying, and the potential for improved 

performance. Weaknesses include the complexity of data 

integration and management, the overhead of query 

optimization, and challenges in schema design and 

representation. 

 

Suitability for Specific Scenarios 

The analysis of suitability for specific scenarios 

further emphasizes the practical applications of each 

architecture: 

 

Client-Server. Suited for cloud-based big data 

applications, scenarios requiring high data availability 

and fault tolerance, distributed applications with partial 

data distribution, and optimized query processing in 

distributed database systems. 

 

Peer-to-Peer. Ideal for scenarios with limited 

data updates and a focus on data availability, secure data 

sharing, and collaboration using blockchain, high-

throughput distributed computing applications requiring 

strong consistency, and specific scenarios requiring fast 

and secure P2P transactions. 

 

Multi-DBMS. Well-suited for organizations 

with diverse data sources requiring integration, 

applications requiring seamless data integration from 

various sources, organizations managing data across 

diverse platforms and models, and scenarios potentially 

leveraging platform-specific functionalities. 

CONCLUSION AND RECOMMENDATION 

This literature review serves as a foundational 

exploration of DDBMS architectures, providing insights 

into their comparative performance, availability, 

accessibility, data analysis characteristics, as well as 

strengths and weaknesses. The identified factors 

influencing the suitability of each architecture for 

specific scenarios contribute to the understanding of 

practical applications in real-world contexts. 
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