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Abstract— Microservices is emerging as a revolutionary and 

modern solution in the recent software era. Microservices is also 

based on web services but it could be implemented as an 

independent feature to perform a specific task with its own 

database. In the growing field of e-commerce, when user aim to 

find microservice meeting to their dynamic business 

requirement is becoming a big challenge and emerging as a 

problem. This problem occurs, because the number of related 

service is increasing day by day in the repository and selection of 

the appropriate and quality service is a main challenge. In order 

to solve this problem, in this paper we propose a QoS ontology 

semantic annotation  approach with reducing the difficulty of 

appropriate service discovery and selection as per user dynamic 

requirement using association rules and K-means clustering 

techniques.  

 

Key words: QoS, ontology, Microservices, k-means, 

Association rules. 

1. INTRODUCTION 

Now a days Microservices are accepted as a better way to 

build application .In the few years ago the way of developing 

the applications was monolithic: - means that a single 

function can provide the solution for the application. It was a 

good solution for the small and simple application but as we 

are switching towards the complex business paradigm there 

is a need for small, modular chunks, and independent 

Microservice Architecture [1, 2]. For the complex and 

dynamic business application the requirements will change 

very frequently and making all those changes in monolithic 

application is problematic so the development is preferred 

using microservices instead of monolithic services. 

Microservices are fine grained modular and independent 

services with its own micro database [3, 4]. A microservices 

architecture takes loosely coupled services approach which 

can be developed, deployed, and maintained independently. 

Each of these services is responsible for individual task and 

can communicate with other services through simple APIs to 

solve a complex business problem. MSA (microservice 

architecture) is an architectural style that structures an 

application as a collection of small Independent services, 

modeled around a business needs [6]. Micro service 
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architecture [4] provides various features compare to 

monolithic architecture. Features of Microservices are listed 

as follows:-Decoupling – Services within a business 

application are loosely coupled and independent in nature. 

So the application can be built, flexible and scaled easily. 

Componentization – Microservices are treated as 

independent and modular components. Autonomy – each 

microservice is atomic and singular in nature and can be 

developed independently of each other, thus development 

can be speedup. Continuous Delivery – Allows frequent 

releases of software with independent modules. 

Responsibility – Microservices are responsible for a specific 

task and chances of failure are limited. Agility – 

Microservices support agile development. Any new feature 

can be quickly added and removed. Fault Isolation – Even if 

one service of the application fails, the system will still work 

properly. Platform independent– Different languages and 

technologies can be used to build different services for the 

development [3,4]. 

The MSA organizes the microservice architecture in the 

following way [4]: -The service requester will request for the 

service by defining the query. The particular query i.e. the 

combination of various services will be searched in service 

repository. In microservice architecture the single service 

cannot provide the solution for the typical business needs. So 

the service providers publish similar microservice to the 

service registry and the best services can be provided by the 

service provider to the service requester. Microservice 

architecture addresses the issue of dynamic changes in the 

today’s business paradigm. The concept is represented as   

figure 1. 

 

 

 

Efficient Microservices Discovery and Selection 

Based on QoS Ontology a Data Mining 

Approach 
Neha Singhal, Usha Sakthivel, Pethuru Raj 



 

Efficient Microservices Discovery and Selection Based on QoS Ontology a Data Mining Approach 

1690 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number G6376058719/19©BEIESP 

 
Figure1: Microservice Architecture 

 

As now a days web is considered as a main source of 

information availability. In general it’s a positive aspect for 

the information users but it has negative side too.  

As numbers of services are increasing, for a single 

problem a huge number of solutions are possible. If a user 

wants to search any particular services he will get n number 

of services which can provide the solution to the same 

problem. In this case it’s a big challenge which one to select 

out of number of similar microservices, In these scenario 

QoS parameters pays a major role in order to satisfy the user 

requirements. Semantic web services have been proposed to 

automate MS- discovery. Sematic microservice languages 

relay on ontologies. Ontology is a language in which content 

can be defined as tags. In this paper we are using the 

following two approaches for the related service discovery 

and selection. 

Association analysis:-A implies B, which means that if 

anyone interested in service a then they can also be interested 

in the associated service B also. Association rules can be 

helpful for the discovery of associated services and to provide 

the solution in the quickly manner. 

Cluster analysis: - cluster analysis is a technique which 

helps to frame the group of services based on the measures of 

similarity. Clustering means group of similar services based 

on some common criteria of similarity. 

A. Conceptual Foundations 

The Semantic Web: - The semantic web is an emerging 

and upcoming version of the web technology. Web is a rich 

source of information that contains various reusable contents 

and services. On the web most of the services are solely 

designed only for human understanding initially. Web 

semantic development is a concept well underway with the 

goal that machines should be able to understand the contents 

on the web rather than just only to display for the human 

interpretation. There is a need for well-structured way of 

representation so the machines can understand the contents 

and process the contents for the future reuse. The purpose of 

semantic web is to provide the various capabilities to the 

computer to understand a) structured representation of 

Information b) Understand the Meaning of this Information 

c) implement the sets of inference logic. The inference logic 

provides the direction for the automation [7]. 

 

EVOLUTION OF SEMANTIC WEB:- 

1) HTML AND HTTP 

2) XML AND RDF 

3) ONTOLOGY LANGUAGES 

 

 
 

The Web Ontology: -Ontology is a technology that can be 

used to develop the semantic web concepts. Web ontology is a 

semantic web language that is used to describe the complex 

things on the web. Ontology can define the rich concepts and 

knowledge about the information interpretation. Web 

ontology is a way to create inference logic for the web things.  

OWL is part of the W3C’s Semantic Web technology stack, 

which includes RDF, RDFS, SPARQL, etc. 

 Protégé:-In the web ontology field the protégé is the 

upcoming API for OWL and RDF. Protégé is the open source 

java library. Protégé API provides classes and methods for 

loading and saving the OWL files. With the protégé library 

the manipulation, query processing and data reasoning is 

efficient and easy way to go.  

The rest of the paper is organized as follows:-section 2 

discuss about the approaches in QoS aware service 

composition. Section 3 focus on the proposed work.  Section 

4 deals the case scenario. Section 5 describes about the 

implementation and result analysis of the proposed work. 

Section 6 concludes the paper and extends for the future 

work. 

II. APPROACHES IN QOS-AWARE SERVICE 

COMPOSITION 

QoS (quality of service) parameters cover a huge range of 

techniques on which basis selection of appropriate service 

can be done effectively. QoS Parameters cover various 

nonfunctional aspects for the service selection [7, 11].  

As in today’s world the most expensive thing is good 

quality of information because information retrieval is 

playing huge role for the e-commerce success. In this aspect 

the web is the biggest source of information and referred as 

the information world. So when the user wanted to search 

some particular service on the web the biggest problem and 

challenge is to provide the user with the most effective and 

appropriate service. This problem is growing day by day as 

for the same user demanded service there is lots of services is 

available on the web repository and when user search for 

some service he will be provided with the number of various 

available options. It’s the big ambiguity for the user to select 

the effective one for his requirements. In this scenario the 

QoS parameters plays the important role to make the search 

more effective and efficient 

[12].  
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QoS parameters can be considered as follows:- 

Response time: - Response time is a factor of microservice 

which tells us how fast the service can be respond. 

Response time= total time taken –Requested time 

Availability: - Availability is the probable factor of service 

performance is up when it’s invoked and requested. 

Availability is a major criterion for the user satisfaction level. 

Availability=1-(failure time/ requested time) 

Throughput: - Throughput represents the number of 

success in per unit time for a requested web service. 

Throughput represents in the per unit time how many 

requests is treated successfully. 

Throughput= no of success Request/ unit time 

Success-ability: - success ability is the ratio of number of 

successful response out of total response. 

Success-ability=no of success response/no of total 

requested in unit time 

Reliability: - Reliability corresponds to the ability of a 

microservice to execute its function under the given 

constraints.   

A. Classification of QoS Composition Approaches:- 

QoS Based service discovery approach is classified in to 

three categories Non heuristic algorithm, heuristic 

algorithm, and meta- heuristic algorithm [11]. 

Table 1:- Classification of QoS Approaches 

CLASSIFICATION OF QoS APPROACHES 

QoS Algorithm CLASSIFICATION 

TYPE 

QoS 

Parameters 

considered 

Dynamic 

Approach [13] 
Non heuristic 

Response 

time, 

throughput 

Greedy 

Approach[16] 
Non heuristic 

Cost, 

Availability, 

Reliability, 

Reputation, 

Response 

time 

Divide and 

Conquer [14] 
Non heuristic 

Cost, 

Response 

time 

,Reliability, 

Availability 

Knapsack 

problem[15] 
Non heuristic 

Cost, 

Availability, 

Reputation, 

Response 

time 

Hill-climbing[18

] 
Heuristic 

Availability, 

Response 

time, 

Throughput

, Security 

A* 

Algorithm[17] 
Heuristic 

Availability, 

Cost, 

Response 

time , 

Reliability 

Win-Win 

strategy [23] 
Heuristic 

Availability, 

Response 

time , 

Reliability 

Hill climbing[22] Heuristic 

Availability, 

Cost, 

Response 

time , 

Reliability 

Genetic 

algorithm [19] 
Meta-heuristic 

Availability, 

Cost, 

Response 

time , 

Reliability 

Ant colony 

optimization [21] 
Meta –heuristic 

Availability, 

Cost, 

Response 

time , 

Reliability 

The classification of QoS is represented in the table 1. 

III. PROPOSED WORK 

In this section, we introduce the proposed architecture and 

approach which can facilitate service discovery and 

automatic annotation of microservices. The research 

architecture is proposed for effective microservices are 

shown in figure 2.  

Figure: 2 System Architecture of the Proposed Work 

Figure: 2 is the system architecture of the proposed work. 

The system process consists of following six steps:- 

Step 1:-User Request for the Service:- 

Web is emerging as biggest source of information. User 

can get almost all of his dynamic requirement solution on the 

web .users every small requirement can be considered as the 

combination of various microservices. For the solution of 

user simple query there is a need for composing several 

related microservices together.  
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If MS1,MS2..............MSn is microservices. 

 

    Q={MS1,MS2,MS3..................MSn} 

Step 2:- Service discovery in Service Repository:- 

Service Repository is the repository of the web software 

modules.  Service contains the various microservices on the 

repository. User requested services will be searched in the 

repository and various similar services will be extracted from 

the repository based on the user specific requirements. 

 Step 3:-Service selection based on QoS ontology:- 

 Service repository contains various similar services which 

provide the same functionality so now to select the 

appropriate service as per the user requirement is a 

challenge. In this scenario QoS (quality of service) 

parameters plays a mark able role for the selection of user 

requested microservices. Ontology is a semantic web 

language that is used to describe the microservices with QoS 

parameters. In our research work we have used progete web 

ontology API with OWL for the discovery for web service 

based on the user requirements.    

Step 4:-Service clustering based on K-MEANS algorithm 

Clustering is a data mining technique which is used to 

make the group of similar services. K-MEANS algorithm 

basically works on the concept of centroids. for the 

microservices clustering K-MEANS work as follows:- 

1. Select K- microservices as the initial centre points. 

2. Repeat 

3. Form K-microservices by assigning each microservice 

to the closest centric service. 

4. Recompute the centred microservice of each cluster. 

5. untill centred microservice do not change. 

Step 5:-Service association based on APRIORI 

algorithm:- 

Association analysis is also a data mining concept which 

can be used to find the association between microservices to 

satisfy the user complex requirements. Association rule is 

that can be used to find association among services in 

repository .due to association rules we are able to find the 

relationship between the related microservices. Apriori 

algorithm is used to find the relationship. Association 

analysis can be useful to find out the sequence of services in 

order to execute user query. For any two services A and B (A 

is not equal to B), Then support and confidence count can be 

used to find the association.  

Support count = (Number Of services containing both A 

and B) / total num of services 

Confidence count = (Number Of services containing both 

A and B) / num of services containing A 

Support count is the percentage of satisfaction. 

Confidence count is a measure of certainty 

Step 6: Service execution 

In the final step after extracting the clusters of similar 

services and the sequence of associated services the service 

composition is executed in order to fulfil user’s requirement. 

Service composition is nothing but executing various 

services together to provide the solution for the users 

complex queries. 

IV. CASE SCENARIO 

In this section, a health care application scenario will be 

described in detail as per the proposed methodology. In this 

healthcare scenario various microservices is considered:- 

M= {M1, M2, M3......................Mn} 

M1= Patient Appointment 

M2=Patient Registration 

M3=Doctor Assignment 

M4= Claim Insurance 

M5=Billing 

M6=Feedback 

We are assumed that the above six microservices used in 

health care domain. 

For Patient Appointments booking various microservices 

are available in the repository named  Book Appointment, 

Cancel Appointment, Get Appointment and Search 

Appointment. Similarly there are various services related to 

Patient Registration, Doctor Assignment , Claim Insurance, 

Billing, and Feedback as given below:- 

Patient Appointment= {Book Appointment, Cancel 

Appointment, Get Appointment, Search Appointment} 

Patient Registration= {New Registration, Update 

Registration, Renew Registration} 

Doctor = {Physician, Cardiologist, ENT, Neurologist} 

Claim Insurance= {Cashless, Claim letter} 

Billing= {Cash, Cashless} 

Feedback = {Patient Feedback} 

If the patient is requesting for an appointment for the 

particular doctor ex-cardiologist.the patient request will be 

send to the repository of services .there are various services 

available as per the user request. Based on PROTEGE 

ontology and QoS parameters the patient will be provided 

with above mentioned microservices which are related to the 

user requirement. In the further steps the concept of k-means 

clustering techniques is used i.e. formation of clusters based 

on measures of similarity described in the above given 

algorithm. 

C1= {Book Appointment, Cancel Appointment, Get 

Appointment, Search Appointment} 

C2= {New Registration, Update Registration, Renew 

Registration} 

C3= {Physician, Cardiologist, ENT, Neurologist} 

C4= {Cashless, Claim letter} 

C5= {Cash, Cashless} 

C6 = {Patient Feedback} 

On  the above given clusters data set k-means algorithm is 

applied and based on the similarity index as per user 

requirement suitable microservice will be provided to the 

patient. 

 The patient requirement cannot be fulfilled by the single 

or standalone microservice. 
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 There is a need to merge various microservices in respect 

to fulfil user requirement. For dynamic user requirement 

there is a need for the concept of association analysis to find 

the relationship between the microservices. 

 We are considering the example of market basket 

transaction set for health care domain given below:- 

 

Table2:-Market Basket Data for Health Care Domain 

TID Items 

1 {Appointment, Patient Registration} 

2 
{Appointment, Doctor, Claim Insurance, 

Billing} 

3 
{Patient Registration, Doctor, Claim 

Insurance, Feedback} 

4 
{Appointment ,Patient Registration, Doctor, 

Insurance} 

5 
{Appointment, Patient Registration, Doctor, 

Feedback} 

Association rules suggest that there is a strong relationship 

exists. 

ex:-{Appointment}->{Doctor} 

The rule suggests that the patient who will book the 

appointment he will meet with doctor as well. 

Item set and support count:-let I={i1,i2,i3....in} is the set 

of all the services service set and T={t1,t2,t3............tn} be 

the set of all the transductions. 

Support count = (Number Of services containing both A 

and B) / total num of services 

Confidence count = (Number Of services containing both 

A and B) / num of services containing A 

Support is an important measure because a rule with the 

very minimum support count may occur simply and hence it 

can be ignored. Confidence count on the other hand measures 

the reliability of inference made by that particular rule. 

The Apriori Algorithm mainly consists of the following 

steps:- 

• Enter the data set. 

• Find the support count. 

• Generate frequent item set. 

• Generate the association. 

Frequent item set generation objective is to find all the 

items that satisfy the minimum support count threshold. 

Illustration of frequent item set generation using the Apriori 

algorithm:- 

        
Figure 3: Frequent Service  Set Generation 

 

 

Consider the user interest for using the service is as 

follows:- 

Assume that the threshold of input and output matching is 

60%. If the affinity is greater than the 60 %, so there is high 

probability to combine them together. Based on input and 

output matching the following rules can be described. So that 

if any patient comes for the appointment booking so they may 

be interested for hospital registration and doctor. So based on 

the association mining M1 and M2 and M3 can be combined 

together. 

Hence association analysis technique is helpful to find the 

related services and the user query can be answered in the 

minimum time.  

V. IMPLEMENTATION AND RESULT 

ANALYSIS 

This proposed research work is implemented by JAVA 

with eclipse and for the implementation of web semantic and 

ontology we installed protégé 3.4 with the eclipse IDE. The 

protégé OWL editor is provided with the standard 

installation of protégé. Here we have implemented the health 

care application.  Microservices are implemented related to 

appointment booking, doctor’s selection, and bill payments. 

The selection of microservices is performed based on QoS 

parameters for the user query execution. QoS attributes plays 

the important role for the filtration of appropriate services. 

Later we applied K-means clustering algorithm and 

association analysis method to improve the performance of 

the searching. With the implementation of these algorithms 

the results is improved and the services execution is 

performed with the improved time performance. 

Header files used for protégé owl:- 

import edu.stanford.smi.protegex.owl.model.OWLModel; 

import 

edu.stanford.smi.protegex.owl.model.OWLNamedClass; 

import edu.stanford.smi.protegex.owl.ProtegeOWL; 
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Figure:-4 JAVA Snapshot for Service Selection 

The figure 5 shown as the graphical representation of 

service execution Response time performance during service 

orchestration. From this graph it is clearly noticed the service 

execution can be performed in the lesser time. 

 

 
Figure 5:-Service Execution Graph 

 VI. CONCLUSION & FUTURE WORK 

In this paper we have applied protégé –OWL API that is an 

open source java library for the web ontology language 

(OWL) and RDF. Protégé provides various features for the 

semantic annotation of web services. Semantic web service 

annotation is a complex task and it’s very difficult to select 

the desired service dynamically in fewer amounts of time and 

with the high user satisfaction. In our research we proposed 

the idea of automatically generate the semantic annotation of 

services based on semantic knowledge. As the contribution of 

our research we have used data mining concepts i.e . 

Association analysis and k-means clustering techniques to 

improve the service selection automation with the improved 

performance. Association analysis is used to find the relation 

between associated services on the basis of support count and 

the confidence count. clustering algorithm is used to frame 

the groups of similar services .by using these data mining 

techniques the searching performance is improved with time 

efficiency. QoS parameters are used to provide the most 

appropriate solution to the user. It could help to improve the 

efficiency in service matching and the service execution. 

In future the proposed work could be extended to apply the 

approach in the cloud service environment in order to 

examine its full potentials in the complex environment. 
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