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Abstract— In the digital transformation era, businesses are 

increasingly adopting microservices architecture to enhance 

their software systems' flexibility, scalability, and 

maintainability. Optimization is needed to achieve these goals. 

Microservices architecture optimization was applied to a study 

case of PayPal REST API microservices. There are five 

architectures include one actual architecture and four 

developed from the actual architecture. These architectures are 

based on optimizing criteria such as granularity, complexity, 

and cohesion. The architecture evaluation uses Service 

Granularity Metrics (SGM), Number of Operations (NOO), and 

Lack of Cohesion Metric (LOCM) in various weights. Multi-

Objective Optimization based on Ratio Analysis (MOORA) and 

Complex Proportional Assessment (COPRAS) models are used 

to determine the best architecture. Almost every architecture 

alternative suit a specific level of granularity, but alternative 4 

has balanced results for each criterion. The evaluations 

demonstrate that the actual architecture maintains high 

granularity and showing superior performance in managing 

operational complexity effectively when assessed against 

alternative architectures. 

Keywords—MCDM, microservice, architecture, optimization, 

cohesion, complexity, granularity 

I. INTRODUCTION 

In the digital transformation era, businesses are embracing 
microservices architecture as a catalyst for enhancing their 
software systems' flexibility, scalability, and maintainability 
[1]. Microservice, a style of architectural design that breaks 
down a complex system into more minor, more manageable 
services, is at the forefront of this transformative shift, each 
service dedicated to specific business functionalities [2]. In the 
dynamic landscape of software engineering, microservices 
architecture has emerged as a transformative paradigm for 
designing and implementing complex distributed systems. 
Another advantage of microservice applications is their 
loosely coupled architecture, which enhances fault tolerance 
[3]. However, optimizing their architecture remains a non-
trivial challenge due to the myriad factors influencing their 
design. While numerous optimization techniques exist, their 
applicability to microservices, particularly those employed by 
PayPal, remains underexplored. 

As a fundamental aspect of microservices architecture, 
microservice granularity pertains to the size and scope of 
individual services within the system. Fine-grained 
granularity may enhance scalability and agility but could 

introduce complexity and operational overhead, while coarse-
grained services may simplify management but compromise 
flexibility and scalability [4], [5], [6]. Complexity 
encompasses the intricacy and interdependencies among 
microservices. If the correlation between the services 
increases, the complexity of the architecture also increases [7]. 
Each of these attributes, granularity, complexity, and 
cohesion, can be quantified using several metrics, specifically 
Service Granularity Metrics (SGM), Number of Operations 
(NOO), and Lack of Cohesion Metric (LOCM) [8], [9]. Each 
of these attributes, granularity, complexity, and cohesion, can 
be quantified using several metrics, specifically Service 
Granularity Metrics (SGM), Number of Operations (NOO), 
and Lack of Cohesion Metric (LOCM) [10]. Finding the right 
balance between granularity, complexity, and cohesion in 
developing microservice architectures is a critical challenge 
[11]. Pushing granularity too far can result in overly small and 
fragmented microservices, while too little granularity can lead 
to overly monolithic microservices. Managing complexity and 
ensuring cohesion are crucial to building effective and 
maintainable microservices. 

In this research, a Multi-Criteria Decision Making 
(MCDM) approach has been employed to optimize the 
attributes of a microservice architecture. MCDM allows 
developers to consider multiple criteria simultaneously, 
enabling decision-makers to assign relative weights to each 
criterion based on their priorities and preferences [12]. The 
Complex Proportional Assessment (COPRAS) model, a 
multi-attribute decision-making theory, has comprehensively 
evaluated complex decision problems by comparing 
alternatives [13]. The  Multi-Objective Optimization by Ratio 
Analysis (MOORA) model, proposed by Brauers et al. [14], 
has ranked alternatives based on multiple conflicting 
objectives, providing insights into trade-offs among 
competing design choices.  

Previous research has explored various methods for 
decision-making in microservices architecture and multi-
criteria decision-making. Goossens et al. [15] designed a 
decision-making for framework using the Analytic Hierarchy 
Process (AHP), while Taherdoost et al. [16] reviewed MCDM 
methods applicable to microservices architecture. Chosy et al. 
[17] determined the ranking of hospitals using the AHP and 
MOORA methods, combined ranking between the two 
methods also confirmed the same ranking order. Ajrina et al. 
[18] utilized MOORA and COPRAS in a study on sandstone 
mining. Their research demonstrated the effectiveness of 
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MCDM methods in guiding decision-making processes. Ryco 
et al. [19] compared supplier ranking using the MOORA and 
COPRAS methods, finding no significant difference in final 
rankings between the methods. 

This research aimed to provide a systematic framework for 
evaluating and optimizing microservices architecture in the 
context of the PayPal REST API. Through empirical analysis 
and case studies, the study sought to identify optimal 
architectural configurations that maximize performance, 
scalability, and maintainability. Through this research, 
advancements in microservices engineering are pursued to 
tackle real-world challenges in software development. 

II. LITERATURE REVIEW 

A. The Lack of Cohesion Metric (LCOM) 

 In a microservices architecture, LCOM measures how 
closely activities inside a service are coordinated. It measures 
how cohesively an application's processes are within a 
microservice, reflecting its complexity and error-proneness 
[20]. LCOM is computed using the Eq. 1: 

 ���� = 1 −  ∑ � 
��
�
� ×  
  (1) 

  A lower LCOM score indicates better cohesion and 
coherence across processes, denoting a more efficient and 
well-organized microservice. On the other hand, a higher 
LCOM value denotes a more cohesive system, which can 
result in more complexity and a greater chance of mistakes 
[10], [21]. The average LCOM (ALCOM) is determined using 
Eq. 2 to assess the general lack of cohesiveness of the overall 
microservices in the application. 

 ����� = 1 − ∑ ������
�
� �  

(2) 

Where: 
MF  :   Occurrence of a parameter 
M   : Total number of operations 
F   : Count of unique parameters within the 

microservice 
 

NS   : Number of microservices in the application 
�   : Number of operations within a microservice 

B. The Service Granularity Metric (SGM) 

This metric evaluates separate services' data and 

functional elements to provide insights into the microservices 

application's granularity. Data Granularity of a Service (DGS) 

and Functional Granularity of a Service (FGS) are the two 

main components of SGM [22]. DGS determines whether the 

data granularity is fine-grained or coarse-grained by analysing 

each operation's input and output data size within a 

microservice. Eq. 3 below is used to determine the DGS. 

 ��� =  ���
∑ 
���
�

+ ���
∑ 
���
�

 (3) 

Where: 

IPR :  Input parameters per operation 

OPR : Output parameters per operation 

FP : Total input parameters in the microservice 

Higher DGS values indicate coarse-grained data handling 

in the microservice, whereas lower values favour fine-grained 

data handling. CRUD (Create, Read, Update, Delete) 

functions are given weights according to the degree of data 

manipulation they involve in FGS, which evaluates the 

functional granularity of actions within a microservice. Each 

operation's FGS is determined using Eq. 4: 

 
�� =  ��
∑ ���
�

 (4) 

Where: 

OT  : Weight assigned to a specific operation 

O  : Total weight of all operations within the 

microservice 

The overall SGM is then computed as Eq. 5 below: 

 ��� =  � ��� ×  
��
�

�
�
 (5) 

Providing an indication of the overall granularity of 

operations within the microservices application. The average 

SGM (ASGM) across all microservices is computed using Eq. 

6 to get the granularity of the entire microservices application 

[10]: 

 ���� = 1 − ∑ �����
�
� �  (6) 

C. Number of Operations Per Microservice Metric (NOO) 

The number of operations per service is the number of 

member operations connected to a single microservice. This 

metric is similar to the WMC metric in that it assesses the 

number of member methods associated with a given class as a 

measure of complexity [23]. Below, Eq. 7 is used to calculate 

this metric. 

 ��� =  � �
�

�
�
 (7) 

Where: 

M : Number of operations per service 

More operations per service in the context of 

microservices indicates more application complexity, which 

could result in more mistakes. 

D. Multi-Objective Optimization based on Ratio Analysis 

(MOORA) 

The MOORA system is a flexible tool that evaluates each 

alternative's contribution to a particular objective to all 

alternatives. The square root of the sum of the squares for each 

chosen choice must be determined during this process. The 

System Ratio approach and the Reference Point approach, 

which both use comparable normalization procedures, are the 

two parts of the MOORA method [24]. Before optimizing 

criteria, vector normalization processes are used to turn cost-

type criteria into benefits and convert the Decision Matrix into 

a Normalized Matrix. Every evaluation result in the MOORA 

approach is normalized using the subsequent [25], [26], [27]: 

 ��� =  ���
�∑ (���)"��
�

 (8) 
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Where: 

�#$  : The i-th alternative's normalised 

performance to the j-th criterion 

�#$ : Performance ratings 

The summation of the instances was performed to enhance 

each assessment, aiming to maximize the criteria by 

minimizing them, as described in Eq. 9: 

 %� = � &���� −
 

�∈()*+
� &����

 

�∈()��
 (9) 

Where: 

Qi  : i-th alternative all ranking index  

Ωmax and Ωmin  : Cost and benefit criteria sets 

&j   : j-th criterion weight 

E.  Complex Proportional Assessment (COPRAS) 

Considering the weights given to each criterion, the 

COPRAS approach compares alternatives and determines 

priorities under conflicting criteria. It is predicated on the idea 

that a dependency's relevance and priority level correspond 

directly with the alternatives [13]. The following Eq. 10 

calculates assessments normalised in the MOORA approach 

[27], [28]: 

 ��� =  ���
(∑ �����
� ) (10) 

The following Eq. 11 calculates the comprehensive 

assessment index for each alternative. 

 %� = �5� + ∑ �6�)�
�

�6� ∑ 1
�6�

)6
�
 (11) 

Where �5� and �6� refer to the positive score and negative 

score of the i-th alternative, described in Eq. 12 and Eq. 13: 

 �5� = � &����
 

�∈()*+
 (12) 

 �6� = � &����
 

�∈()��
 (13) 

III. PROPOSED METHOD 

 This research proposes an optimized method for PayPal 
REST API functionalities utilizing COPRAS and MOORA, 
incorporating criteria such as LOCM, SGM, and NOO. The 
workflow of the proposed method is illustrated in Fig. 1. 

A. Identify Actual Microservices Architecture 

PayPal REST API is taken from the PayPal Developer 
website, specifically from the Postman collection provided by 
PayPal.  

TABLE I.  ACTUAL MICROSERVICE ARCHITECTURE 

Microservices  Number of 

Methods 

Microservice 

Sub 

Microservices 

Number of 

Methods 

Sub 

Microservice 

Authorization 4 - - 

Orders 5 - - 

Payments 7 - - 

Invoices 20 Invoices 15 

Templates 5 

Subscriptions 20 Catalog 

products 

4 

Plans 7 

Subscriptions 9 

Payouts 4 - - 

Webhooks 13 - - 

Shipment 

Tracking 

3 - - 

Transaction 

Search 

2 - - 

Disputes 15 - - 

Manage 
Accounts 

6 - - 

Payment 

Method Tokens 

6 Setup Tokens 2 

Payment token 4 

 
Fig. 1. Proposed Method 

310
Authorized licensed use limited to: Institut Teknologi Sepuluh Nopember. Downloaded on January 03,2025 at 04:54:07 UTC from IEEE Xplore.  Restrictions apply. 



Each microservice definition and usage identified 
architectures. Its microservice architectures include 
Authorization, Orders, Payments, Invoices, Subscriptions, 
Payouts, Webhooks, Shipment Tracking, Transaction Search, 
Disputes, Onboarding (Limited Release), and Payment 
Method Tokens. Some microservices have sub-microservices, 
including Invoices, Subscriptions, and Payment Method 
Tokens. Each of the microservices has its own methods 
according to its needs. Table I shows the actual architecture of 
PayPal REST API. 

B. Propose Optimal Microservices Architecture Alternatives 

This research proposes several optimal alternatives for 
PayPal REST API microservices architecture. Sub-
microservices' potential to become independent microservices 
leads this research to be the first microservices architecture 
alternative for PayPal REST API. The first alternative is built 
by levelling up each sub microservices to independent 
microservices. The following optimal alternatives are based 
on the previous alternative with exceptions. The second 
alternative considers Payment Method Tokens as a non-
separatable microservice. The third alternative is based on the 
second one, which considers the collision potential of 
extensive microservices usage in refund methods. The Refund 
method is combined into a separate microservice from 
Invoices and Payments in the third alternative. The last 
alternative is based on the third alternative, except the 
Webhooks microservice, which is divided into two by usage. 
Webhooks, another large microservice in the PayPal REST 
API, could be smaller microservices. In the last alternative, 
Events-related methods in the Webhooks are made into a 
separate microservice. The proposed optimal microservices 
architecture is illustrated in Table II. 

C. Evaluate Actual and Proposed Microservice 

Architectures 

 The actual and proposed PayPal REST API microservices 
architectures were evaluated using MOORA and COPRAS. 
The architectures were assessed using various weights of 
optimization criteria through MOORA and COPRAS 
evaluation. ALCOM, ASGM, and NOO are used as the 
optimization criteria. 
 This research focuses on independently reliable 
microservices architecture. Granularity is the focus of 
ensuring the scalability of PayPal REST API. Cohesion and 
complexity are also included in a lower proportion. The 
weight of ASGM is higher than that of NOO and ALCOM. 
The weights of NOO and ALCOM are set the same and twice 
each other in every ASGM weight evaluation. 
     Table III shows four weight ratio settings for evaluation 
criteria weights. Set 1 has an equal proportion for all criteria. 
The other sets have three types of NOO and ALCOM weight 
ratios: the same portion, twice the ALCOM portion, and twice 
the NOO portion. Set 2 has a medium weight of granularity 
with half of all criteria. Meanwhile, set 3 has a high two-thirds 
weight, and set 4 has a very high three-quarters weight. 

D. Optimize Microservice Architecture 

 In optimizing the microservices architecture for the PayPal 
REST API, the study thoroughly analyses the MOORA and 
COPRAS rankings to determine the most optimal architecture 
alternative. Decide the optimal microservice architecture 
based on each evaluation aim. 

 

TABLE II.  ARCHITECTURE ALTERNATIVES COMPARISON 

Micr

oserv

ice 

Archi

tectu

re 

Actual 1st 

Alternati

ve 

2nd 

Alternati

ve 

3rd 

Alternati

ve 

4th 

Alternati

ve 

Micro

servic

es 

Authoriz

ation 

Authoriz

ation 

Authoriz

ation 

Authoriz

ation 

Authoriz

ation 

Orders Orders Orders Orders Orders 

Payments Payments Payments Payments Payments 

Refund Refund 

Invoices Invoices Invoices 

Invoices Invoices 

Template

s 

Template

s 

Template

s 

Template

s 

Subscript

ions 

Catalog 

products 

Catalog 

products 

Catalog 

products 

Catalog 

products 

Plans Plans Plans Plans 

Subscript
ions 

Subscript
ions 

Subscript
ions 

Subscript
ions 

Payouts Payouts Payouts Payouts Payouts 

Webhook

s 

Webhook

s 

Webhook

s 

Webhook

s 

Webhook

s 

Event 

Shipment 

Tracking 

Shipment 

Tracking 

Shipment 

Tracking 

Shipment 

Tracking 

Shipment 

Tracking 

Transacti
on 

Search 

Transacti
on 

Search 

Transacti
on 

Search 

Transacti
on 

Search 

Transacti
on 

Search 

Disputes Disputes Disputes Disputes Disputes 

Manage 
Accounts 

Manage 
Accounts 

Manage 
Accounts 

Manage 
Accounts 

Manage 
Accounts 

Payment 

Method 

Tokens 

Vault 

Payment 

Source - 
Setup 

Tokens 

Payment 

Method 

Tokens 

Payment 

Method 

Tokens 

Payment 

Method 

Tokens 

Vault 
Payment 

Source - 

Payment 
token 

Total 

Micro

servic
es 

12 16 15 16 17 

TABLE III.  EVALUATION CRITERIA WEIGHTS 

Evaluation 

Set 

Description Weight of Each Criterion 

ASGM NOO ALCOM 

1  Equals 0.33 0.33 0.33 

2  Medium granularity 0.50 0.25 0.25 

2a  Medium granularity, 

better cohesion 

0.50 0.17 0.33 

2b  Medium granularity, 

better cohesion 

0.50 0.33 0.17 

3  High granularity 0.67 0.17 0.17 

3a  High granularity, 

better cohesion 

0.67 0.11 0.22 

3b  High granularity, 
better complexity 

0.67 0.22 0.11 

4  Very high granularity 0.75 0.13 0.13 

4a  Very high granularity, 

better cohesion 

0.75 0.08 0.17 

4b Very high granularity, 
better complexity 

0.75 0.17 0.08 
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IV. EVALUATION AND RESULTS 

 In this study, numerical analysis was used to evaluate 
optimized microservice architectures by calculating key 
metrics of SGM, NOO,  and LOCM. Employing COPRAS 
and MOORA, the research quantitatively assessed various 
architectural configurations. 

A. Evaluation 
After ranking the actual and alternative architecture, both 

MOORA and COPRAS evaluations have the same results in 
every weight scenario, as illustrated in Tables IV and V. This 
consistent alignment between MOORA and COPRAS across 
different scenarios underscores the robustness of the 
evaluation methods and the reliability of the results. 
In evaluation 1, the most optimal architecture is the fourth 
alternative. The fourth alternative architecture has the highest 
number of microservices of all alternatives. The architecture 
has fine grain by dividing actual microservices into smaller 
ones and considering each usage. The architecture can also 
maintain balance, complexity, and cohesion. 
     In evaluation 2, the third alternative architecture is 
recommended. It is nearly the same as the fourth alternative, 
except Webhooks remain one whole microservice. By 
merging Webhooks from the fourth alternative, this 
architecture becomes more reliable at medium granularity. It 
suits a variety of complexity and cohesion goals. 
     In evaluation 3, the second alternative is the most optimal 
architecture. This architecture promotes actual microservices 
becoming standalone, except for Payment Method Tokens. It 
may be the optimal architecture to achieve high granularity. 
     In evaluation 4, the recommendation varies among 
different cohesion-complexity scenarios. However, each 
scenario’s ranking is similar. The difference between them is 
their best and second-best alternative recommendations. The 
second alternative has the upper hand for a better complexity 
goal. Meanwhile, the actual architecture best suits the goal of 
lowering complexity. 

B. Results 

According to the evaluation result in Table VI, almost 
every alternative has its strength to achieve goals. The fourth 
alternative has the upper hand in granularity, complexity, and 
cohesion inequality. The third alternative architecture may 
suit the medium goal for granularity, complexity, and 
cohesion. The second alternative can excel in high and very 
high granularity while considering more complexity. The 
actual architecture is also suitable for achieving very high 
granularity but almost ignoring the complexity. 

V. CONCLUSION 

PayPal REST API microservices architecture can be 
optimized to other optimal alternatives, considering the API's 
needs. The microservice architecture optimization should 
have a designed composition for granularity, complexity, and 
cohesion.  

MCDM can be used to evaluate PayPal REST API 
alternatives. By proposing some possible optimal 
microservices architectures, MCDM results from an 
architecture recommendation for each goal scenario. The 
architecture can be optimized using the second alternative for 
high granularity demand. The third alternative may work well 
for medium granularity. The fourth alternative can also be 
considered for equal granularity, cohesion, and complexity 
needs. However, the actual architecture may work better in 
very high granularity, almost ignoring complexity. 

TABLE IV.  MOORA ARCHITECTURES RANKING 

PayPal REST 
API 
Architecture 

Ranking of MOORA in Each Evaluation 

1 2 2a 2b 3 3a 3b 4 4a 4b 

Actual 5 5 5 5 3 2 4 1 1 2 

1st Alternative 3 4 4 4 5 5 5 5 5 5 

2nd Alternative 4 3 2 3 1 1 1 2 2 1 

3rd Alternative 2 1 1 1 2 3 2 3 3 3 

4th Alternative 1 2 3 2 4 4 3 4 4 4 

TABLE V.  COPRAS ARCHITECTURES RANKING 

PayPal REST 
API 
Architecture 

Ranking of COPRAS in Each Evaluation 

1 2 2a 2b 3 3a 3b 4 4a 4b 

Actual 5 5 5 5 3 2 4 1 1 2 

1st Alternative 3 4 4 4 5 5 5 5 5 5 

2nd Alternative 4 3 2 3 1 1 1 2 2 1 

3rd Alternative 2 1 1 1 2 3 2 3 3 3 

4th Alternative 1 2 3 2 4 4 3 4 4 4 

TABLE VI.  OPTIMUM MICROSERVICES ARCHITECTURE RESULTS 

Goals in granularity, 
complexity, cohesion 

Recommended Microservice Architecture 

Equals 4th alternative 

Medium granularity 3rd alternative 

High granularity 2nd alternative 

Very high granularity, 
better complexity 

2nd alternative 

Very high granularity, 
complexity-cohesion 
equal and better cohesion 

actual architecture 

 
Designing methods for the business goal will be useful in 

future work. The straightforward goal makes the microservice 
architecture optimization more reliable in business 
applications. 
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