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ABSTRACT--- Recent advances in the E-business enable the 
evolution of software development paradigms. MSA is emerging 
as an alternative approach to SOA and claiming to resolve 
various challenges in the software development mechanism. 
Microservices can be implemented as an independent module for 
software development. In the growing business era, the user 
requirement is complex and dynamic. User dynamic requirement 
is a challenge and cannot be completed by a single microservice 
hence there is a need of service composition in order to fulfill 
user dynamic business-related queries. For the appropriate 
service selection, QoS ontology semantic annotation is 
performed. There are two service composition methods are 
available i.e. orchestration and choreography. In this paper, we 
proposed an effective and efficient hybrid approach for the 
service composition. 

Index Terms — Choreography, Orchestration, MSA, QoS, 
Ontology, Microservice.  

I. INTRODUCTION   

Now a day's Microservices are promising as a better way 
to build recent business applications. The microservice 
development approach is becoming more famous in cloud 
architectures are gaining much interest recently, MSA 
application is divided into different fine-grained lightweight 
chunk services to improve containerization, flexibility, agile 
development, efficiency [1]. Microservice the micro 
application is different from SOA and promises to change 
the way for the software development and service 
deployment style. Microservices are the basic building block 
of the microservice architecture that is one of the latest 
architectural upcoming trends in software development 
industry and promising to address several challenging issues 
in software development methodology [2]. Microservice 
architecture (MSA) is a famous architectural development 
style adopted by world-wide Internet services such as 
Netflix, Amazon and eBay. In comparison with monolithic 
architecture microservice architecture is simple 
decomposing of the monolith into a set of small chunked 
services and making them -communicate with each other 
through lightweight protocols [4] is the common way for 
software development and advocates rapping all functions in 
one single stand-alone application. The monolithic 
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applications are simple in many aspect like develop, test, 
deploy and scale. Nevertheless, the sheer size of the 
monolith can slow down the development and become an 
obstacle to continuous deployment because of the longer 
start-up time. At present, the advantages of microservices 
are commonly accepted and appreciated in both academia 
and software industry. Microservice includes 
maintainability, service- reusability, scalability, Availability 
may be incorporated in a microservice architecture.  

The rest of the paper is organized as follows. Sect. II 
briefly defines the paradigms for service composition. Sect. 
III describes a hybrid approach. Sect. IV. Presents a 
discussion of the implementation and results. Finally, Sect. 
V concludes and gives the direction for future work.  

II. RELATED WORK 

Microservices Architecture (MSA) got significant 
publicity from the industry and research community in 
present years. The major impact of MSA is on building 
lightweight protocol services that should meet the complex 
and dynamic needs of business applications. This 
architectural style promotes isolation, autonomy, share-
nothing, and independent service choreography. MSA 
supposed to increase the agility factor, developer productive 
speed, application scalability and monitoring, reliability, 
maintainability in the improved way. It is also a suitable 
choice for iterative development processes like agile 
software development and DevOps based business 
applicationds[5].  

Service composition refers to the collaboration and 
integration of microservices in order to fulfill the complex 
requirements of the consumer. Service composition is 
merging various services together in order to complete the 
dynamic complex queries. There are two methods for 
service composition i.e. orchestration and choreography as 
per the litrature.  

A. Microservice Orchestration: -  

Service orchestration represents a single centralized 
coordinated and single point control collaboration Process. 
The centralized coordinator is called as the orchestrator that 
controls and monitors the interaction among various 
independent microservices. The orchestrator is single 
authorized point for service invocation and combination. 
The relationship between all the involved services is 
managed by a single endpoint i.e. the composite service. 
The orchestrator monitors the management of transactions 
between individual services. Orchestration is a centralized 
approach for service composition [6].  
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In orchestration, entire functioning is handled by the 
central controller and that is called as the orchestrator. 
Usually, microservice orchestration is good for small 
application. Security is also  
not a major concern in this centralized environment. 
Orchestration, scenario maintenance is also easy. But 
usually, it is good for localization.  

The orchestration procedure is shown in figure [`1].  
 

COODINATOR

MS2

MS`1

MS4

MS3

 
Figure:1 microservice orchestration 

B. Microservice choreography: - 

Service choreography is a description of the participating 
services, which is defined by the exchange of messages, 
rules of interaction and agreements between two or more 
endpoints. Choreography employs a decentralized approach 
for service composition. In service choreography, one 
service talk with another one and then the process continues 
in the decentralized manner [6].  
 

 
Figure 2: microservice choreography 

Orchestration: 

 The single coordinator controls the composite 
application, so security is not a major concern.  

 The organization can monitor the performance and 
can increase the performance with additional 
investments in its own. 

 The organization can monitor the level of reliability. 
 If there is a failure in the system, it can be resolved 

because of a single point of control.  
 It is flexible because the new technology can be easily 

implemented without reference to other organizations.  
Choreography: - 
 The composite application contains two or more 

coordinating domains so that the dynamic linkage of 
Choreography is very helpful.  

 If there is a highly specialized service component that 
is required to perform a particular function, then 
choreography is preferred. 

 In intelligence gathering situation and in smaller 
businesses, linking to outside for various services 
may, likewise, be sensible. 

Finally, if service components are treated as "modules for 
applications" then many of the benefits are the same as for 
end-user using "modules" on their wireless device. 

The problem with choreography is that it is not within the 
single control.  

Here we discussed both the techniques orchestration and 
the choreography, and we reached to the conclusion that for 
the real-life scenario services need to collaborate. For the 
local scope orchestration is a better approach but for the 
global dimension, the choreography is a better solution. For 
the dynamic real-time application, the services need to 
collaborate in both the manner. So there is a need to merge 
both.   

A choreographed event-based style as well as orchestrated 
command-based style depending on the situation at hand. 
With a clever mix of both an optimal solution can be 
obtained.   

C. Appropriate Microservice Selection: -  

Now a days for the researchers the hotspot topic is 
appropriate micro service selection as today's world can be 
referred to information world. E-commerce is becoming the 
backbone of this whole connected world. In recent time for 
the new software development, there is no need to develop 
any module from the scratch because each and every 
information and the required solution is available in the 
service repository. In service repository, each service can be 
referred to as microservice. For any user dynamic 
requirement or query related and appropriate services can be 
searched in the service repository but in these search 
mechanisms the appropriate service selection is becoming a 
challenge as many similar services are available in the 
repository. For appropriate service selection (quality of 
service) parameters plays a remarkable role. 

QoS Parameters includes various nonfunctional aspects 
for the service selection mechanism. Many algorithms have 
been developed to solve these problems.  

For example, suppose a user wants a hospital facility 
encompassing appointment booking, booking hospital room, 
selecting a doctor, ambulance booking, billing, insurance. A 
single service cannot fulfill all the requirements of the user 
so there is a need to compose various services together. 
Some point of time user demands that the cost of executing 
microservices to be minimized. Here the QoS requirement 
plays an important role. In other words, the user requirement 
should be handled with minimum cost. Like cost, there can 
be various other QoS attributes like availability, response 
time, and throughput, and success-ability, reliability etc.  

Various QoS algorithms are available for composition.  
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D. Classification of QoS Composition Approaches: - 

QoS Based service discovery approach is classified in to 
static approach and adaptive approaches. 

Table 1: - Classification of QoS based Approaches 

CLASSIFICATION OF QoS APPROACHES 
Algorithm type  CLASSIFICAT

ION TYPE 
Algorithms 

Dynamic 
programming [7] 

Static approach 
Local 

maximization 
approaches  

Branch and bound [8] 
 
Learning DFS [9] 
 
Simple additive 
weighing [9] 

Linear 
programming 
techniques [7] 

Static approach 
Linear 

optimization 
approaches 

Linear integer 
programming [11] 

Approximation 
approach [11] 

Static 
Approximation 

method 

Particle swarm 
optimization (PSO)[11] 
 
Genetic algorithm [12] 

Pareto-
optimization [13] 

Static approach  
Pareto-

optimization 
approaches 

Simple additive 
weighting (SAW)[13] 

Internal adaption 
approaches [14] 

Adaptive 
approach 

AI planning 
Reinforced learning 
[15] 

External adaption 
techniques 

Adaptive 
approaches 

Social network 
analysis [[16] 
Service rank [16] 

 
The classification of QoS based approaches is represented 

in table 1. 

III. PROPOSED WORK 

At present only two techniques are available for 
microservice collaboration i.e. microservice choreography 
approach where one service talk with another n process 
continues. Microservice orchestration approach is where a 
central controller will manage the overall collaboration of 
services.  

But still, these two ideas cannot be far from each other up 
to an extent. Both the approaches having dependency based 
on various dimensions like dependency based on structure 
and dependency based on their functionality and the 
resource dependency etc.  

In this paper, we propose a hybrid approach that is the 
combination of both choreography and orchestration. In the 
hybrid architecture we do the clever mix of both the 
approaches in order to achieve the better performances and 
an optimal solution.  

In various research works, it is observed that one single 
method cannot be fit into all the software development 
designs. Especially in the software industry, the requirement 
is changing day to day. In this flexible industry one 
approach can not fit for all and even it is applicable for the 
existing collaboration approaches also i.e. micro service 
orchestration   

And choreography too as both are having its advantages 
and disadvantages .In one case one approach is better and 
viceversa.in this situation we propose a hybrid approach that 
can add value to the current software development industry.  

Hybrid approach: -  

In a hybrid pattern the service choreography uses between 
services and the orchestration is called within a particular 
service. In figure 3: microservice MS1, MS2, MS3 are 
collaborating in choreography approach. Microservice MS1 
consumes additional services MS4, MS5, MS6 will be 
called in orchestration pattern. Service MS1 works as a 
central coordinator for service MS4, MS5, MS6. Service 
MS1 is an orchestrator for services MS4, MS5, MS6. Later 
all the services execute in a choreographic manner. In figure 
3: the architecture diagram is given for the proposed hybrid 
approach.  
 

HYBRID APPROACH

MS 4

MS 6

MS 5 MS1

SERVICE ORCHESTRATION

MS 3

MS 2

SERVICE CHOREOGRAPHY

 
Figure 3 Architecture of a hybrid approach  

 
In figure 3 the proposed architecture of hybrid approach is 

shown which is the combination of choreography and 
microservice orchestration. MS1 microservice consumes 
microservice 4,5,6. Ms1 is the orchestrator. MS1 collaborate 
with microservice 2,3 in a choreographic manner. 

IV. IMPLEMENTATION AND RESULT  
ANALYSIS 

For the proposed research work the health care domain is 
taken into consideration. The health care application is 
implemented using JAVA eclipse. Various Restful services 
are implemented in JAVA for the health care domain like 
appointment booking, insurance, bill payment, ambulance 
etc. For the implementation of semantic web and web 
ontology protégé 3.4 is installed with eclipse IDE. For the 
selection of appropriate microservices parameters are taken 
into consideration response time, availability, throughput, 
reliability, etc. for the similar microservices k-means 
clustering techniques is applied the K-means algorithm is 
implemented to frame the various clusters. Each cluster 
contains a similar services.K-means algorithm is used to 
select the most suitable service. Later apriori algorithm is 
implemented to make the association among the other 
relevant services from the other clusters.  

For this association analysis, we used support count and 
confidence count for the implementation of the apriori 
algorithm.  
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Later we performed the service collaboration by using 
service orchestration, service choreography, and the 
proposed hybrid approach. Later we monitored the  
performance of execution based on time, memory 
consumption and the power consumption for all the three 
approaches i.e. orchestration, choreography, and the hybrid 
approach. The below-given figures show the execution 
performances in the graphical representation.  

Configuration of Machine: - 

Windows 8.x 
Windows 64-bit server 
RAM 128 MB 
Minimum Pentium 2 266MHz processor  
Apache Tomcat 7.0 
Postgres 9.0 
MySQL 5.17. 

Time performance: - 

In figure 4 execution time is evaluated for the various 
microservice execution with service orchestration, service 
choreography, and the proposed hybrid approach. In the 
below-given figure, it is observed that the proposed hybrid 
approach is time effective compare to orchestration and 
choreography.  
 

 
Figure 4: Time based Evaluation 

Memory Utilization: - 

Memory utilization refers to space utilization for the 
various service executions. Figure 5 shows that memory 
utilization is better in a hybrid approach to compare to 
orchestration and choreography.  

 

 
Figure 5: Memory-based Evaluation  

Power utilization: -  

Power utilization is less for a hybrid approach compares 
to the existing one. the hybrid approach is efficient for 
power-based utilization. Figure 6 shows power utilization 
for all three approaches. 

 
Figure 6:-Power utilization graph 

V. CONCLUSION & FUTURE WORK 

In this paper, we present an evaluation of our proposed 
hybrid approach for service composition method. In order to 
evaluate the performance of the proposed hybrid approach 
i.e. the combination of orchestration and choreography, we 
measure the execution time, memory utilization and the 
power consumption. At the time of execution QoS 
Parameters is taken into consideration and for the semantic 
annotation protégé is used with JAVA. For the appropriate 
service selection, QoS parameters and k-means clustering 
algorithm and the association analysis methods are 
implemented to automate the procedure. Fig 4, Fig 5, Fig 6 
shows the time evaluation, memory utilization, power 
consumption with the improved performances compare to 
the existing two approaches i.e orchestration and 
choreography. In future work, the hybrid approach can be 
improved further. The implemented hybrid approach is time, 
memory, power efficient.  
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