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Abstract: Service-Oriented Architecture (SOA) is a special kind of software design where services are provided to the other 

components by application components, via a network communication protocols. Service-oriented architecture can be implemented with 

Web services. SOA simplify a loosely coupled structure in a heterogeneous structure manner that enables the contribution of different 

business enterprises to develop the web service composition approaches together. The web service composition is an operation of 

combining several different web services together to accomplish certain business process that could be from different enterprises. In this 

paper, we presented different service composition existing formal techniques in service oriented architecture to classify them according 

to automated based web service composition techniques, algebra based web service composition techniques and other techniques with 

the verification and validation of their behavior in a survey manner.  
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1. Introduction 
 

Service-oriented computing is an emerging and promising 

distributed computational model. It is a contribution to the 

advanced type of software system, Service based system 

which is composed of many existing services and delivered 

as a value-added service [1]. Many enterprises such as 

Google, Amazon and Netflix, show a growing interest in 

using service composition to accomplish their deliver 

business applications. With the increase of web services 

having similar functionality, Quality of Service (QoS) and 

other non functional requirements become an important 

indicator of selecting the best services when immediate the 

service composition [2]. The development of the internet 

technology has led to creation and the application of SOA; 

Software systems which based on the application functions 

in the form of program services which access the internet or 

intranet environment not depending on the location in the 

global computer network. The principles of existing SOA do 

not take into consideration the functions performed by the 

services from the features of the main problem model or task 

to be solved, the tasks are optimal selection of the services 

from a variety of available and their dynamic adaptation to 

the specific needs, which can lead to adoption of the 

effective solutions for the organizing information processes 

[3]. Moreover, SOA services are composed of grouping 

services together, each service represent the basic part of 

service composition provided by service providers with 

functional features or non functional features Known as 

Quality of Services (QoS) utilized by clarifying the identical 

functionality of the service and its mission, in each service 

part there is a collection of determined services form the 

service composition and the service quality. The features of 

service composition can be changed by modifying services. 

The best service collection must be selected by Software 

engineering team to implement the system non-functional 

and functional requirements [4]. SOA automation 

optimaizational problem is a challenging field which could 

be solved by finding some efficient methods by software 

engineers to solve the desired requests, like using the search-

based software engineering (SBSE); a method to perform the 

optimization techniques of the meta-heuristic search-based. 

Also, using genetic algorithm on heuristic search to perform 

and solve the optimization problem [5]. Service composition 

represent transferring user functional and non functional 

requirement to execution plan of service composition as 

Service Level Agreement (SLA) to detect the services that 

could achieve those requirements. Service Level Agreement 

can be a structure scenario or an optimal execution plan. 

General companies or individual systems direction is to get 

the help from external sources that could perform the tasks to 

build specific requirements for automated service 

composition. a lot of service composition approaches have 

been presented; the utilization of AI planning techniques was 

firstly introduced that leads to a two-staged composition. 

After that, different approaches were presented like 

workflow-based approach and template-based approach. 

Lately, the service composition approaches in the obvious 

semantic match emergence service composition development 

and implementing of Quality of Service (QoS) requirements 

[6].  

 

Composition of services can be either manual or automatic 

service composition as shown in Figure 1. In the manual 

service composition the developer based on the incremental 

number of the web services to accomplish a specific 

application which causes a higher delay and a greater cost. 

 
Figure 1: Service Composition Types [6]. 

 

It is not easy to detect the suitable web services according to 

the complexity of services. As a result, the decision has been 

taken to use the computing system; which is more beneficial 

approach with the privileges of lower costs than using 
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manual service composition which could decrease the risk. 

Automatic composition of web services process the user who 

makes the request to which service that have the objective 

characterization or determine a specific entries output, the 

process is continue until the workflow of its procedures have 

been created. A lot of probably solutions may be preceded 

but the best solution will be taken to achieve the functional 

and non functional requirements that desired [6]. This paper 

is structured as follows: Section 2 introduces the related 

terminology. Section 3contains the existing related surveys. 

Section 4 illustrated the classification of the formal 

techniques in the service composition. Section 5 introduced 

the comparison in deferent tables. Finally, we presented the 

conclusion of our survey.  

 

2. Related Terminology 
 

In this section we will illustrate the Service Oriented 

Architecture (SOA), web service composition, dynamic 

service composition and finally the service composition 

framework. 

 

2.1 Service-Oriented Architecture (SOA) 

 

Service-oriented architecture (SOA) is an approach of the 

software development that based on the uses of the services 

with standard interfaces, the principles of reusing IT 

functional elements, eliminating duplication of functionality 

in software, unifying typical operating processes, ensuring 

the translation of the company's operating model to 

centralized processes and a functional organization based on 

an industrial integration platform [7]. Components of the 

program can be distributed to different nodes in the network 

communication model; each node is independent, loosely 

related construction in the complex distributed software 

systems. SOA has been proven itself for building large 

enterprise software applications. A number of developers and 

integrators that offer tools and solutions based on like the 

WebSphere platform, BEA Aqua logic, Windows 

Communication Foundation, SAP Net Weaver, JVP Jupiter 

[8]. Shrivastava et al. [9] they focuses their work on 

recognizing the faulty services and their replacement 

depending on QoS constraints instead of modifying the 

whole composition, reconfiguration of the faulty region 

which will reduce the overheads of computations and service 

distractions in service delivery. The problem solved by using 

two approaches. First approach is generating an optional path 

of services from its predecessor services to the completion of 

service process. The second approach is establishing the 

alternative service path of the same service process from 

begging until the end. Casati et al. [10] proposed a service 

composition based on the QoS consideration that supported 

the management specification and performance of E-

services, sampled as processes and operated by a service 

process engine. Each node has its own rules for service 

selection, means some QoS parameters are correlated with 

each node. Zhou et al. [11] proposed a QoS aware service 

composition approach which expands the option limits for 

service selection by allowing services of various 

granularities to be available for the selection. This approach 

is based on mixed integer linear programming concepts and 

optimized the user defined objectives to meet QoS 

constraints. They based on optimizing the selection approach 

by maximizing and minimizing the linear objective function; 

constrained in nature. Zhang et al. [12] proposed an approach 

for identifying the faulty service within a service 

composition. They also proposed the approach of diagnosing 

and recovering the fault through reconfiguration using 

Dependency Matrix. This approach is a polynomial time 

algorithm that based on the concept of Predicate on Probe 

(PoP). This dependency matrix is built on the basis of 

process workflow structures and without any historical 

knowledge of prior executions. The traditional Quality of 

Service (QoS) analysis model cannot be directly applied on 

the big data service composition which could lead to other 

problems according to the huge amount of heterogeneous 

data and applications that evolved in this structure. Dong Li 

et al. [13] proposed an expanded edition of QoS-based 

analysis model that uses the linear regression model with a 

set weight of QoS using AHP analysis that improved the 

service selection algorithm based on backtracking method 

and validate its effectiveness. 

 

2.2 Web Services Composition 

 

A Web service is a network technology that provides a 

program communication between different applications 

based on Web standards. Web-services allow you to access 

from one application to another and simultaneously perform 

certain functions. The application solution could be provided 

by web services or from the consumer web services 

published by other providers. The Web service has a 

programming interface, represented in the WSDL (Web 

Services Description Language) format as an example; a 

language for describing and accessing Web services, based 

on the XML language, designed for unified presentation of 

external web interfaces [6]. . FEKIH et al. proposed a new 

approach based on the local consistency build up methods to 

enhance the skyline approach and to reach the user 

requirements. The Harmony Search algorithm adopted to 

catch a near-optimal composition. The experimental 

evaluation is reduced the size of classic Skyline in a 

reasonable time computation [14]. Also, Elli Rapti et al. 

adopted the artificial potential fields that can be mapped to 

the service composition problem in Internet of Thing 

networks to achieve global equilibrium through local 

interactions [15]. Yuqian Lu and Xun Xu examined the 

knowledge-based service composition and adaptive resource 

planning in a dynamic cloud environment by developing a 

systematic and easy to be implement service composition 

mechanism .They used system utilizes distributed knowledge 

for intelligent service composition and adaptive resource 

planning [16]. Kamath et al. recommend a framework that 

employs a base up methodology to constructing semantic 

Web services starting with existing service descriptions on 

the Web, Subsequently decreasing those duration of the time 

Furthermore cosset included in substantial scale manual 

annotation [17]. In the Dynamic Service Composition 

mechanism where the application services in the runtime are 

connected with many data services, the state of being 

interconnected is deployed dynamically based on the 

characteristics of database management; for effective data 

accessing many cloud databases runtime is being provision 

by connectivity of the data service dynamic and application 

service [18]. Wang et al. [18] proposed a novel pattern built 

element service framework that merge outlined pattern 

Paper ID: ART2019322 DOI: 10.21275/ART2019322 1473 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296 

Volume 7 Issue 7, July 2018 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

What’s more design implementation methodologies to 

prepare composited services. The pattern may be formalized 

in such uncommon chart similitude matching issues. 

Furthermore, the algorithm may be outlined that could figure 

those similitude services creation results. Zhang et al. [19] 

recommend an algorithm MR-IDPSO (MapReduce 

according to progressed discrete particle swarm 

Optimization), which makes utilization of those moved 

forward discrete particle swarm optimization (PSO) for those 

Map Reduce should solved extensive scale dynamic service 

composition. Analyses indicate that our algorithm 

outperforms the parallel genetic algorithm and the result of 

effective vast scale dynamic service composition. Kamath et 

al. [20] recommend a framework that employs the base up 

methodology to construct the semantic Web services, 

dynamically starting with existing service descriptions on the 

web, decreasing the time duration. Furthermore, the cost that 

included in substantial scale manual annotation. Parsia et al. 

[21] depicted actualized framework which performs 

translation, employ a developed SHOP2 usage on arrange for 

What's more over the translated domain; cetera executes 

those coming about compositions. Furthermore building that 

framework, present approach, the organizer constantly 

executes yield handling activities concerning illustration its 

compositions. Wang et al. [22] proposed a novel technique in 

the view of SHOP2, which domain is independent a state 

based ahead HTN organizer. The technique employments a 

weighted vector will mirror the choice makers execution for 

Different targets. Also, anytime requester algorithm will 

enhance the capacity by Figure that best result want to from 

the composition. Resource and service are two ideal ideas. 

The suppliers deal with their services internally and uncover 

services to clients. The service, once bought eventually the 

customer perusing the client. Furthermore, it guaranteed 

toward providers; by providing an agreement between these 

gatherings. Those suppliers would be able to answer for 

mapping those services with configurations (a supplier might 

delay to setup until the client begins to utilize them on attain 

resources) [23]. Ponnekanti et al. [24] Portrayed SWORD, a 

toolset that permits the developers with a fast creating 

existing web benefits to figure it out as a new composite web 

services. SWORD gives a particular data-point in the self 

evident expressiveness complexity efficiency tradeoff that 

exists in the web service composition.  

 

2.3 Service Composition Framework 

 

Services that could be offered online are defined as a loosely 

coupled and reusable software component which 

encapsulates discrete functionality [25]. According to the 

maximization in the potential SOA solution by identifying 

the business closely connected services framework; which is 

being designed based on the work requirements and the 

service contract that the services solution must accomplish. 

The Service composition framework contains the following 

components: translator, evaluator, process generator, and 

execution engine and service repository. And have two main 

participants’ service requester and service provider, service 

requester firsthand participants who suggest the service in 

order to be used through the framework which provide 

external specification to the translator [26]. The service 

requesters expand service provider’s services and data. The 

translator is a connecter between service provider and 

process generator to make the language understandable for 

process generator; by translating external specification 

language that used by service requester to the language that 

used by process generator. The execution engine executes 

the process and plan of data from the evaluator and sends the 

output to the service requester. For every request translator 

sends internal specification to process generator .For each 

request, the process generator produce a plan which control 

the existing service repository services in order to 

accomplish the request. If there are many plans the evaluator 

evaluates all plans and give the leading service for 

processing [27]. Ghazal et al. [28] generated a Services 

Composition Model (SCM) that provides a general solution 

for the services composition problem by inquiring the 

requirements of the new service using the requirements of 

the already existing service. Also, produced a Services 

Composition Language (SCL) as a simple text-based 

language which allows the user to define the requirements of 

his request, the inserted request will then be analyzed using 

Parsing Algorithm to obtain the name of the requested 

services, after that the Service Composition Algorithm will 

be executed all the steps of the composition process and 

return the result of the composition to the user. The web 

service composition Workflow techniques classified into 

orchestration and choreography composition types. In 

orchestration model, the engaged web services are under 

control of a single central process (another web service). In 

choreography model, it does not depend on a central point, 

all web services should participate. Moreover, in the 

choreography has to know exactly when to become active 

and with whom to interoperate [29].  

 

3. Existing Service Composition Serveys 
 

Syu et al. [28] reviewed an automatic web service 

composition surveys. Their work focuses on already 

published surveys in AWSC, they their paper according to 

service combination-centric, service selection-centric, 

combination and selection hybrid, service discovery-centric 

and workflow description-centric. Kalamegam [30] 

summarized different existing approaches that used Colored 

Petri Nets model to design verification of the web service 

composition. Glaucia et al. [31] presented a structured survey 

that shows many service composition approaches models, 

class of formalism and the purpose of their formalization. 

Beek et al. [32] compared between different approaches 

according to a set of characteristics (such as, trust, security 

and performance) which is a variety of concrete proposals 

from the formal methods community that have been emerged 

in order to verify the correctness of the web service 

composition; based on state action models or process 

models. Bartalos et al. [33] discussed the related issues to the 

semantics of services, which is important for automatic Web 

service composition. Also, suggested the problem 

formalization contributing to the formal definition of the pre-

/post-conditions, with possibility to have value restrictions, 

and their relation to the semantics of services. Moreover, 

they provided an overview of several existing approaches 

dealing with the problem of Web service composition and 

discussed the achievements flow in the field and depict some 

open research areas. Rao et al. [34] gave an over view of the 

progress in automatic Web services composition. First, they 

proposed a model for Web services composition process 
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consisting from five-steps; the service composition model 

consists of the service presentation, translation, process 

generation, evaluation and execution. Each step of these 

needs different languages, platforms and methods. Then, 

they summarized some research efforts in the automatic Web 

service composition both from the workflow and AI planning 

research community sides. 

 

4. Service Composition Formal Techniques 
 

There are many different languages have been proposed to 

allocate service compositions (like, WS-BPEL [35], WS-

CDL [36]), the design and execution of using these 

languages are still lake of formal semantics, which not 

support the correct validation and sometimes lead to error-

prone. This could be fixed by applying Formal Description 

Techniques (FDTs) to specify service compositions. 

Sometimes, possible to use these Formal Description 

Techniques with a combination of the languages mentioned 

earlier. FDTs are particularly useful in the design of safety-

critical systems and whenever failures can have severe 

consequences that not desired in such systems. The main 

benefit of applying FDTs is the possibility of verifying, 

validating and refining services compositions. In this section, 

we will divide the service composition techniques into 

Formal Techniques, Semi-Formal Techniques, each of them 

will be explained briefly and illustrated the related 

techniques. There are a lot of languages have been proposed 

to allocate service compositions the design and execution. 

By using these languages there are still lake of formal 

semantics and capabilities, which not support the correct 

validation and sometimes lead to error-prone. The Unified 

Modeling Language UML is an interesting and reasonably 

compelling basis for embedded system design methodology. 

UML has a shortage of several key capabilities. The 

embedded systems usually not implemented from the 

scratch, they are compositions of subsystems. Both 

functional and architectural descriptions of the system could 

be based on the composition of the subsystems. With this 

design strategy, the conformation must be equally on the 

validity of the composition as on the correctness of the 

constituent parts [37]. Where, the formal methods provide a 

strict mathematical means to ensure the large software 

systems to be achieved the desired needs. All formal 

methods discussed to allow automatic composition, 

hierarchical service compositions and scalability. Most these 

methods ensure the validation and correctness of the service 

composition [32]. We classified the Formal Description 

Techniques into three main classes of formalism illustrated 

in Automata, Process Algebra and Petri Nets. 

 

4.1 Automata Based Service Composition Techniques 

 

Automata are commonly used model for the formal 

specification of the systems. They are consisting of a set of 

states, actions, transitions between states and an initial state. 

Each transaction can be denoted by a label from one state to 

another. Moreover, Automata have been applied as the basics 

for defining other formal description techniques that gives 

information about the system execution behavior [38]. Many 

service composition techniques used automata techniques. In 

other words, automated service composition algorithms are 

one form of service integration. Given a set of service 

descriptions, an initial and goal states, the composition 

algorithm tries to orchestrate a subset of the services in order 

to achieve the goal state. During orchestration, constraints 

imposed by services that are part of this composition, such as 

HATEOAS, must be respected. Verborgh et al. [39] 

proposed a composition and execution algorithm specifically 

for Representational State Transfer (REST) (services 

supporting the HATEOAS constraint. In addition, recent 

SOAP (Simple Object Access Protocol) composition 

algorithms have achieved high performance marks. On the 

other hand, Publish/Subscribe services are treated in 

complete isolation with techniques such as CEP (Complex 

Event Processing). The service composition algorithms are 

quit offering structure from claiming service integrative 

provided for a situated from claiming services descriptions. 

Furthermore, the algorithm creation tries to coordinate a 

subset of the services in place will keep in the objective state. 

Jingjing et al. [40] proposed the Timed Automata for Web 

Service Composition TAC model and implemented the web 

service composition automation engine that could receive the 

web service interface description language (WSIL) and 

automatically generating TAC model to perform a composite 

service. Also, a new model to verify composition web 

service using Enhanced Stacked Automata Model (ESAM) 

has been proposed in [29]. The composited algorithm based 

on automata. The correctness properties have been evaluated 

based on safetyness, liveness, dead transition, deadlock, and 

reachability. The web services are composed by using 

Business Process Execution Language for Web Service 

(BPEL4WS) and then converted into ESAM (combination of 

Muller Automata (MA) and Push Down Automata (PDA) 

and it is turned into Promela language, an input language to 

the Simple ProMeLa Interpreter (SPIN) tool. The model is 

proved using SPIN tool and the experiments shows better 

results in term of finding dead transition and deadlock. 

Moreover, shehu PhD thesis [41] in automata area of service 

composition which contributes the prediction problem by 

presenting a novel in learning automata-based non-negative 

matrix factorization algorithm (LANMF) to estimate end-to-

end network latency of the composition service in the cloud 

environment. LANMF encodes every web service node as an 

automaton which permits it to estimate its coordinator in 

such way that prediction of the error is minimized. Atampore 

et al. [42] proposed a formal framework, Supervisor Aware 

Service Composition Architecture (SASCA) that models the 

Web service composition based on the Supervisory Control 

Theory (SCT) of Discrete-Event Systems (DES). The 

novelty in their approach is the application of control theory 

to service-oriented computing and the incorporation of run-

time input into the supervisor generation process. Bhat et al. 

[43] proposed another semantic language for organizer of 

network system services and constructing created benefits 

individually on the automated manner. Those semantic 

language may be extensible permitting to a totally about 

organize services that will be displayed. The novel algorithm 

exhibited in the organizer will fill in with situated 

documentation that should discover different made services 

which could be a chance to be developed with domains past 

system benefits. Zhu et al. [44] characterize the idea of the 

multi functional and create a model of comprehensive 

service composition. Since A large portion existing 

composition thinking strategies might just handle a single 

functionality, they augment them also to create new 
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algorithm to automated comprehensive service composition. 

Aggarwal et al. [45] present demand Web Service 

Composition device in METEOR-S, which permits those 

transform designers on Web benefits with a conceptual 

process, In view of business and procedure imperatives 

What's more produce an executable procedure. Approach 

may be to decrease a great part of the Service Composition 

issue will a demand fulfillment issue. It makes utilization a 

multi-phase methodology to demand dissection. This worth 

of effort might have been done similarly as and only the 

METEOR-S framework, which plans on backing the 

complete lifecycle from claiming semantic Web forms. 

Kalamegam et al. [7] Recommend Web service composition 

as a large portion of full grown with regard to it out quickly 

evolving prerequisites from claiming benefits of the business 

to service-oriented results. Web service composition 

coordination what is more on web service choreography 

would those types for compositions. The formal routines 

help to weigh whether the service composition matches those 

fancied determination alternately that a principle property of 

the composition is disregarded. Asmethal et al. [46] 

recommended Web service framework is used to give 

services in an ideal way. In the suggested structural 

engineering five levels are utilized. Benefits need aid made 

independently with those help of a toolkit thus those seniors 

could select their service effectively. Web service Adapters 

need aid utilized for conveying for a few Web services. It 

may be necessary for build the composite benefits manually. 

This will be particularly vital on account of composite 

service formation may be not so much a one-time exertion. 

Kamath et al. [47] proposed adaption of different service 

composition language. The devices recognized for the 

assessment exhibited here are WSDL2OWL-S [48] Mind 

swap OWL-S API [49] and OWL-S [50] editorial manager. 

Web services need aid presently the practically common 

method for accomplishing service introduction to endeavor 

frameworks again those Web. Ontology’s similar to OWL-S 

and WSMO bring been characterized Likewise and only 

those semantic Web activity. Siddiqui et al. [51] proposed a 

two phase approach called template based composition to 

find a compromise between complexity and flexibility. They 

intermediate approach called template based composition 

(TFC) which utilizes the advantages of aforementioned 

selection and composition techniques to reduce the 

complexity and provide the flexibility. Moreover, they 

occupied the methodology in two phases in the time 

deployment during the design phase and the run time phase. 

Also, they considered the non functional requirements such 

as the security and the QoS. Song et al. [52] proposed a 

composition system AFLOW based on OWL-S; a 

combination of AI planning and workflow technology. They 

discussed the implementation of the AI planning subsystem 

in the AFLOW by supporting a higher dynamic automation 

of composition. Also, they described how the AI planning 

system (SHOP2) can be combined with OWL-S Web service 

type descriptions. Bhandari et al. [53] Suggested An 

intermediary based structure to secure the web service 

composition Eventually perusing presenting An broker’s 

layer between benefits of the business methodology Also 

web benefits. The secure creations about web benefits will a 

chance to be performed utilizing transposition procedure 

dependent upon star topology and Intalio business transform 

architect. Those recommended framework will be illustrated 

with the instance of distinctive running in distinctive puts 

done secure way through the web. Those suggested method 

will assistance to decrease the UDDI load. Ordonez et al. 

[54] Proposed an automated planning based framework for 

automated convergent composition based in Hierarchical 

Task Networks (HTN); a mechanism to include the user 

context information into the HTN planning; and a 

mechanism to tag the convergent services using HTN 

descriptors. They consider in the designing HAUTO 

framework to be easy to use, can be integrating with a high 

performance platform used in telecommunications and the 

reaction to exceptions and fault tolerant; planning systems 

adopted in dynamic environments that must be able to react 

to potential failures during execution of the services. 

Personalization: users may express their preferences in any 

request. Typical cases include minimizing the time of the 

execution and cost. Gabrel et al. [55] proposes QoS-aware 

syntactic service composition issue which need have been 

the liable from claiming various investigations. Those well-

known benchmark WSC, permits experimenting 

methodologies to such issue utilizing manufactured benefits. 

In this article, we review that that hypothetical 

unpredictability of the tests from claiming needs aid 

different: the service creation issue displayed to WSC-08 

(without QoS) will be NP-hard, same time for those issue 

displayed On WSC-09 (QoS-aware service composition), 

and they recommend a polynomial-time algorithm. Paik et al. 

[56] Suggested adjustable transaction What's more QoS-

aware service Choice approach under five client custom 

settings In light of hereditary calculation (GA) on deliver 

over worries. QoS-awareness encouraged Eventually Tom's 

perusing multi-objective QoS criteria. Also, utilizes the multi 

variant streamlining. We led to careful evaluation, Also it 

reveals to suggested technique viably Also effectively scope 

the worldwide ideal of the generally determination criteria. 

Raik et al. [57] presented ASTRO a comprehensive 

framework that could be used to define and support highly 

adaptive context-aware service-based business processes and 

applied to a real-world scenario from the logistics domain. In 

their approach, they made an adaptation to the related tasks, 

from detecting the adaptation problem to until finding 

solutions and applying them to the running process instance 

which, performed automatically at run time with minimal 

execution cost of the processes. KASSMI et al. [58] 

proposed development of the security requirements over the 

existing framework called Discovery and Visual Interactive 

Web Service Engine (DIVISE). DIVISE main objective is 

generating the best match between the Web Services 

Composition and the relative BPEL code according to user’s 

queries that handles the functional requirements. Moreover, 

handling of web services’ Non Functional Requirements 

during the composition, and the verification of generated 

composite service according to the user’s specified 

properties done by utilized model checking tool UPPAAL. 

Parsia et al. [21] designed a DAML-S Process Model to 

support the application of AI planning techniques to the 

automated composition of Web services. SHOP2 is a 

Hierarchical Task Network (HTN) planner appropriate for 

working with the Process Model. They proved the 

consistency between the semantics of SHOP2 and the 

situation calculus semantics of the Process Model. Also, they 

implemented a system that sounds to have completely plans 

over sets of DAML-S descriptions using a SHOP2 planner, 
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after that, it executes the resulting plans over the Web. Sell et 

al. [59] presented an instrument that takes under record 

WSMO description that will be a user-guided, intelligent 

media composition approach whereby Web services need aid 

ran across Also recommended of the clients as stated by the 

composition connection. The produced composition is 

arranged in IRS-III by our java API to dataflow coordination. 

Pathak et al. [60] proposed research introduces a new 

incremental approach to service composition, MoSCoE 

(Modeling Web Service Composition and Execution), based 

on the three steps of abstraction, composition and 

refinement. Abstraction refers to the high-level description of 

the service desired (goal) by the user, which drives the 

identification of an appropriate composition strategy. In the 

event that such a composition is not realizable, MoSCoE 

guides the user through successive refinements of the 

specification towards a realizable goal service that meets the 

user requirements. 

 

4.2 Process algebra base service composition 

 

A Process Algebra can be defined as a mathematical 

framework for the high-level characterization of interactions, 

communications and synchronizations among a collection of 

transactions that concurrently executed. Also, process 

algebra can be used to detect unwanted properties and 

derived desirable properties of a system specification. 

Furthermore, it could provide establishment whether two 

processes have equivalent behaviors or have similarities. 

Some well-known process algebras are Calculus of 

Communicating Systems (CCS), Calculus of Sequential 

Processes (CSP) and Language of Temporal Ordered 

Systems (LOTOS) [61]. Process algebras can be applied in 

model concurrent and distributed interactive systems. 

Compensating Customer Service Provider (cCSP) is a 

language defined to the business transactions model within 

the framework of CSP process algebra. It has the mean of 

modeling faults within a transaction as compensations. 

However, CPS language lacks the automated tool that 

supports the verification of the service composition. 

Wherever, the Finite state Process (FSP) supports the 

verification of the services composition. The cCSP is a 

combination of both benefits of each CSP and FSP, in the 

service composition [62]. Mateescu et al. presented a 

technique for generating adaptors by given the description of 

reused entities’ conversations and an abstract specification of 

the way mismatch can be settled. The approach is based on 

an encoding into the LOTOS process algebra; by taking the 

advantages of the CADP toolbox for LOTOS to verify the 

correctness of the contract [63]. Fujii et al. [64] Displays a 

semantics-based context-aware element service composition 

schema that composes the provision through joining together 

conveyed parts in a light semantics segments; more contexts 

for clients. The suggested schema comprised for the part 

service model with semantics (CoSMoS), part Runtime 

surroundings (CoRE). Furthermore, the semantic chart based 

service composition (SeGSeC). The recommended 

framework gets client starting with user-specified standards 

by means of Taking in. Additionally, schema should adjust 

the progressive situations.  

 

Petri nets are a graphical and mathematical modeling tool 

used in many systems. It is very helpful tool to specifying 

information processing systems [65]. Petri Nets used for 

describing systems that are characterized as being 

concurrent, asynchronous, distributed, parallel and 

nondeterministic. It belongs to a special kind of directed and 

bipartite graph consisting of a set of places, transitions, 

directed arcs and an initial marking. The places may contain 

a discrete number of marks which represent the state of the 

modeled system. Petri Nets can be used to analyze system 

behavior according to the properties of the system such as 

reachability, liveness and boundness. Colored Petri Net and 

Hierarchical Petri Net are examples of Petri Nets expansion 

[66]. In the proposed a meaningful object-oriented Petri net 

(G-NET) based on algebra that managed complex 

composition in Web services. The efficient technique for 

Web services composition used the standard internet 

protocols such as Universal Description Discovery and 

Integration (UDDI), Web Service Description Language 

(WSDL) and Simple Object Access Protocol (SOAP) in 

order to make the service available. Moreover, the 

specification and prototyping of complex Web services are 

allowed to model G-Nets. The formal semantics that used in 

the composition operators are defined, by means of G-Nets. 

This provides a rigorous approach to verify properties and 

detect inconsistencies between Web services [67]. Nie et al. 

[68] proposed a model based on the colored Petri net (CPN) 

that provides a semantic support to the complex web service 

composition combined with a closed composing algebra, that 

is defined to attain a framework which enables declarative 

composition of web services. Fan et al. [69] proposed a new 

service composition technique based on the template 

mechanism in the scalable and flexible network framework 

and implemented a system framework for the development 

of network services that can be deployed and used in the 

service composition in an efficient manner to ensure the non 

functional requirements such as the security and QoS 

aspects. 

 

4.3 Other Techniques 

 

Meer et al. [70] they proposed a FUSION service model 

which provided a formal approach of web service 

composition and automatic execution. It is uses the 

abstracting of an optimal execution plan from the 

requirements and specifications of the user. The verification 

is based on the foundation of the user satisfaction criteria, 

and provides appropriate recovery procedures. Also, they 

presented a Web Services Execution Specification Language 

(WSESL), a language that developed to describe the 

execution plans in the context of the FUSION services 

model. Alves et al. [71] introduced a semantic web service 

composition (SWSC) approach that deals with web service 

execution flaws. SWSC enables the automatic adjustment of 

the composition at run-time. SWSC based on a contingency 

strategy which encompasses many alternative web service 

compositions that allows the workflow execution engine to 

readily choose a composition to execute, keep track of 

execution progress, and switch; if possible; to a suitable 

alternative web service composition in case of a web service 

operation execution flaw. They used the BPEL4WS 

(Business Process Execution Language for Web Service) 

Service Translator module translates the contingency 

strategy tree to a collection of superimposed processes as an 

orchestration workflow. Peng et al. [72] introduced an 
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adaptive approach, named estimation of distribution 

algorithm based on Restricted Boltzmann Machine (rEDA) 

to iteratively explore the solution space of service 

composition until the optimal composite service is 

established on the fly. In other words, it maintains in 

affective way a variety of alternative solutions, by leveraging 

the inference ability of Restricted Boltzmann Machine to 

hold the potential solutions. rEDA constructs the 

probabilistic distribution of composite services in dynamic 

nature and improves the current exploration strategy with the 

consideration of the degree of how well a service contributes 

to the global QoS. Zhao et al. [73] they adopted services 

composition in wireless sensor networks by reducing the 

multi-objective and multi-constrained optimization problem, 

that could be solved by adopting particle swarm optimization 

(PSO) algorithm and genetic algorithm (GA) by finding an 

approximate optimal Wireless Sensor Networks (WSNs) 

services compositions. Yan et al. [74] Recommend a novel 

Graph-Based Memetic algorithm (GBMA) to solve the QoS-

aware WSC issues. GBMA adopts the chart representational 

suggested by GraphEvol, which will be a standout amongst 

the state-of-the-symbolization algorithms. Wang et al. [75] 

designed and implemented a self-adaptive and context-aware 

service composition system that can be adapted to the 

execution contexts changing and made the adjustments 

according to the context events and user-defined 

personalized policies. They used OWL to model context 

ontologies and extend the OWL-S service model to support 

context information. Service consumers can submit their 

requests and get context aware services. Their system can 

composite services according to the service consumers’ 

requests, execute services, monitor execution contexts and 

adjust its action when the contexts changed. Kona et al. [76] 

Introduced framework utilizing USDL (Universal Service-

Semantics depiction Language), a language for formally 

describing those semantics for web-services. USDL is 

dependent upon the Web metaphysics language (OWL) and 

employs Word Net Similarly as a basic foundation for 

Comprehension the significance about benefits. 

 

5. Comparison 
 

Table 1 summarizes different web service composition 

techniques that we included in our survey. This table will 

illustrate the compression between the different approaches 

in different perspectives such as follows: the researcher 

name, composition approach, composition time (the service 

composition is established during the design time, the 

running time or through the dynamic binding), composition 

strategy; automatic, semi automatic or dynamic; the 

composition correctness ;if the service composition approach 

achieves the correctness, not achieved or partial correct, and 

functional F Non Functional NF; functional, non-functional 

or both requirements that achieved from the service 

composition approach. 

 

Table 2 gives another view of the comparison between the 

illustrated approaches in terms of the composition approach 

name, the researcher, the strength points (advantages of the 

approach), the weaknesses (the disadvantages of the 

approach), sources or tools that used in the approach and 

finally the composition type. 

 

6. Conclusion 
 

Service composition techniques and approaches and the 

public access number on the different services are growing 

up. So, we can see the rapid improvement on the service 

composition technologies to accommodate the rapid 

growing. In this survey, we presented the existing service 

composition formal techniques in service oriented 

architecture to be classified according to automated based 

web service composition techniques, algebra based web 

service composition techniques, and others techniques with 

the verification and validation of their behavior in a survey 

manner. The comparison between the listed approaches is 

done in different sight views which illustrated in two tables. 

Our future work is to add more techniques to our comparison 

and making the comparison more specific such as comparing 

different approaches that satisfy in one non-functional 

requirement.

 

Table 1: Comparison between Service Composition Approaches. 

Researcher 
Composition 

approaches 

Composition time/service 

binding 
Composition strategy 

Composition 

correctness 
Requirement 

Aggarwal et al. [45] 

 
Meteror-s 

Run-time 

Design-time 

Dynamic automatic 

Semi-automatic 
No Partial (F) 

Ponnekanti et al. [24] 

 
SWORD 

Dynamic binding  

Run-time 
Semi-automatic No F,NF 

Siddiqui et al. [51] 
Template based 

composition 
Dynamic binding Automatic Yes F,NF 

Kamath et al. [20] 
Bottom-up approach 

E-Flow 

Run-time 

Dynamic binding 

Dynamic 

dynamic 

No 

No 

Partial F 

 

Parsia et al. [21] Shop2 dynamic semantic No F 

Bhandari et al. [53] Star WSCop Dynamic binding 
Dynamic 

Automatic 
No 

F 

Partial NF 

KASSMI et al. [58] DIVISE 
Run-time 

Dynamic binding 
Automatic Yes F, NF 

Ordonez et al. [54] HAUTO Dynamic binding Automatic Yes F 

Pathak et al. [60] MOSCOE 
Design –time 

Dynamic binding 
Semi- automatic 

Partial 

 
NF 

Fujii et al. [64] 
SECSE 

Cosmos & fujii 

Design –time 

Run-time 

Semi- automatic 

Dynamic 

No 

No 

NF 

F,NF 

Gabrel et al. [55] QoS Run-time Automatic Yes F,NF 
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Design time  

Raik et al. [57] astro Run-time Automatic No NF 

Jingjing et al. [40] TAC Run-time Automatic Yes F, NF 

Nagamouttou et al. [29] ESAM Run-time Automatic Yes F, NF 

Shehu [41] LANMF Run-time Dynamic Yes F, NF 

Ripon et al. [62] cCSP Run-time Automatic Yes F 

Chemaa et al. [67] G-Nets Dynamic binding Automatic Yes F 

VanderMeer et al. [70] FUSION Run-time Dynamic Yes F 

Atampore et al. [42] SASCA Run-time Automatic Yes F 

Jhonatan Alves et al. [71] SWSC Run-time Automatic Yes F 

Shunshun Peng et al. [72] rEDA Run-time Dynamic Yes F 

 

Table 2: The Advantages and the Disadvantages of the Web Service Composition Techniques 
Composition 

approaches 
Researcher Strength Weaknesses Sources 

Composition 

Type 

AFLOW Song et al.[52] 
Run time composition. 

Functional validation. 

The service should 

be in the registry to 

execute. 

Non-functional 

requirements not 

considered. 

OWL-S [50] Orchestration 

SHOP2 Parsia et al. [21] 
Automatic. 

Composite web services. 

Non-functional 

requirements not 

considered. 

 

DAML-S [77] Orchestration 

DIVISE 
KASSMI et al. 

[58] 

Security (privacy, integrity and authentication) 

Run time verification. 

QoS 

Correctness 

Run-time. 

Security adaptation 

overhead. 

BPEL [78] 

UPPAAL [79] 
---- 

HAUTO 
Ordonez et 

al.[54] 

Dynamic environment. 

Minimal execution time and cost. 

Correctness. 

Easy to use. 

Non-functional 

requirements not 

considered. 

SAWSDL [80] ---- 

MOSCOE Pathak et al.[60] 
High performance. 

Cost consideration. 

QoS. 

Security and other 

non-functional 

requirements. 

 

OWL-S [50] 

WSDL [81] 

BPEL4WS [82] 

Orchestration 

Self adaptive 

and context 

aware system 

 

Wang et al.[75] 

Automatic 

QoS (availability, cost, time, reliability, satisfaction) 

Run time. 

Correctness. 

Security 

 
OWL-S [50] ---- 

QoS 
Gabrel et al. [40] 

Paik et al.[55] 

QoS based service composition in terms of cost, 

reliability, execution time, and throughput. 

Polynomial time algorithm. 

Security 
SOAP [83] 

REST [84] 
---- 

Meteror-s 
Aggarwal et al. 

[45] 

Automatic. 

Ensure correctness and optimality. 

QoS(time, cost, availability and reliability) 

Security 

UDDL [85] 

WSDL [81] 

BPEL4WS [82] 

BPWS4J [86] 

Orchestration 

ASTRO Raik et al. [57] 

Complex service based systems. 

Real-world applications (synchronization). 

Dynamic execution environment. 

Parallel execution of services. 

Minimal execution cost of the processes. 

Security. 

QoS. 
BPEL [78] Orchestration 

SWORD 

Asmethal et al. 

[46] 

Ponnekanti et al. 

[24] 

Improve the government-citizen communication. 

Support both automatic and semi-automatic web 

service composition. 

Scalability. 

QoS 

Security 

UDDL [87] 

SWORD [24] 
---- 

TAC 
Jingjing et al. 

[40] 

Real time applications (synchronization). 

Minimal cost. 

Non-functional 

requirements not 

considered. 

UPPAAL [88] ---- 

ESAM 
Nagamouttou et 

al. [29] 

Suitable for both deterministic and non-deterministic 

systems. 

Avoid the dead transactions and deadlock (safety). 

Correctness. 

Reachability. 

Liveness (process termination). 

Security 
BPEL4WS [89] 

SPIN [90] 
Orchestration 

LANMF Shehu [41] Ensures the QoS in dynamic environment. Security XML [91] Orchestration 
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QoS (response time, availability, reliability and cost). 

Low latency. 

Large environment (cloud). 

SOAP [92] 

WSDL [93] 

UDDL [87] 

cCSP Ripon et al. [62] 

Supports both sequential and parallel composition. 

Composition verification in parallel to check. 

Ensures the system correctness synchronization. 

Non-functional 

requirements not 

considered. 

cCSP [94] 

LTSA [95] 

Orchestration 

and 

Choreography. 

G-Nets 
Chemaa et al. 

[67] 

Dynamic behavior of services. 

Parallel composite services. 

Increase the reliability. 

Service availability. 

Respond in optimal time. 

Object oriented approach (reusable software, 

extensible components, encapsulation, etc). 

Security 

UDDL [96] 

WSDL [93] 

SOAP [83] 

Orchestration 

FUSION Meer et al.[70] 

Develop that describes execution plans. 

Formal description of the notion of the correctness 

and optimality. 

Non-functional 

requirements not 

considered. 

WSESL [97] Choreography 

SASCA 
Atampore et al. 

[42] 

The correct correctness resulted by construction 

control synthesis. 

Have a controller that guarantees the system 

requirements. 

Specify services by providing a well defined syntax 

and semantics for system model. 

Non-functional 

requirements not 

considered. 

WS-BPEL [98] Orchestration 

SWSC 
Jhonatan et al. 

[71] 

Run- time 

Automatic 

Calculate the min-cost time 

Support non-deterministic planning. 

Adaptation on the fly. 

Security 

QoS. 
BPEL4WS [99] Orchestration 

rEDA 
Peng et al. [72] 

 

Distributed systems. 

Maintain alternative solutions. 

Adaptation on the fly. 

Dynamic nature. 

Security ---- ---- 
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