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Abstract—Web services refer to a paradigm consisting on communication
between applications interfaces. They are the main key to communicate be-
tween different environments, such as Cloud Computing based architectures,
and constrained environment. SOAP web services are more used then REST
web services in education and industrial environment; contrariwise, Media data
in web applications used REST web services. The main aim of this paper is to
make alive and complete a previously proposed middleware SaaS solution, to
enable unattached WSDL and WADL file translation. The Maas architecture is
strengthen by developing Converter component and mapping rules component
used in our previous work.
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1 Introduction

In our previous research papers [1,14,15] we have proposed a Middleware as a
Service (MaaS) based architecture to enable interoperability in heterogeneous client
and provider environment. The focus of our previous article [15] is to make our pre-
vious proposed architecture [1,14] more global and flexible for the client using JavaS-
cript Object Notation (JSON) scheme. We added new converter to ensure conversion
of request and response messages from Representational State Transfer (REST) to
Simple Object Access Protocol (SOAP) and vice versa. Furthermore, we have set up
this architecture as a set of components to enable our solution to be more flexible to
maintain, update and to be a general architecture that provides solutions to interopera-
bility problems in different levels. Also, this architecture respects the concept of
modularity that separates tasks of the components.

In this paper, we explain in detail some part of our architecture such as
WSDL/WADL converter that can support Web Services Description Language
(WSDL) and Web Application Description Language (WADL) files illustrated as
WSDL and WADL objects used by the Converter. We highlight how we make the
conversion from WSDL to WADL using mapping rules, stored in a mapping rules
storage component, and the method that we use to parse an Extensible Markup Lan-
guage (XML) file to object.
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The rest of this paper is organized as follows: Section two provides background of
the technology used. Section three presents our motivation and related works. In Sec-
tion four we present our proposed solution. We conclude this paper by presenting our
further works.

2 Background

2.1  SOA and concept of service

Service Oriented Architecture (SOA) is one of the most important enterprises IT
system architectures. More than technology or method, it is a convergence of several
existing approach. SOA integrates different practices in an organized framework to
permit to deliver to companies a self-describing and unattached platform for business
functionality [17], strongly guided by the business. Indeed, too focused experiments
on a single approach or guided by the technique did not provide satisfactory answers.

Caspersen and DiMare define SOA as an approach to design software that dis-
solves business applications into separate “services” which can be used independent
of the applications of which they are a part and computing platforms on which they
run [18].

British Computer Society’s defines SOA as follow: “SOA is about the evolution of
business processes, applications and services from today’s legacy-ridden and silo-
oriented systems to a world of federated businesses, accommodating rapid response to
change, utilizing vast degrees of business automation” [16].

Services are the essential concept of SOA. There are not originally technical con-
cepts. The idea of services was developed in the world of business. It consists of a
well-defined function or feature. Also a standalone component is independent of any
context or external service. It is divided into operations, which constitute specific
actions that the service can achieve.

2.2 REST and WADL

REST [2] is an architectural style for distributed hypermedia systems, created by
Fielding in 2000. He finds particular applications in the World Wide Web. Fielding's
work highlights the benefits of this architectural style over other styles of Web appli-
cation architectures. Among others:

The application is simpler to maintain, because it disconnects the client part of the
server part. The hypermedia nature of the application provides access to the following
states of the application by inspecting the current resource.

The absence of client state management on the server leads to greater independ-
ence between the client and the server. It also eliminates the need to maintain a per-
manent connection between the client and the server. The server can thus respond to a
number of other clients’ requests without saturating or blocking all of its communica-
tion ports. This becomes essential in a distributed system.
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The absence of state management of the client on the server also allows a distribu-
tion of requests on several servers: a client session is not to maintain on a certain
server (via a sticky session of a load balancer), or to propagate on all servers (with
problems of freshness of session). It permits also special scalability and fault toler-
ance (one server can be added easily to increase processing capacity, or to replace
another).

In a Web context: Using the HyperText Transfer Protocol (HTTP) allows taking
advantage of its envelope and its headers. The use of Uniform Resource Identifier
(URI) as a representative of a resource makes it possible to have a universal system
for identifying the elements of the application. The self-descriptive nature of the mes-
sage allows the setting up of cache servers: the necessary information on the freshness
and the expiry of the resource are contained in the message itself.

The main disadvantage of REST is the need for the client to keep locally all the da-
ta necessary for the smooth running of a request, which leads to a higher network
bandwidth consumption. Especially in the world of mobile devices, each round trip
connection is consuming bandwidth. The latency of the connection also makes the
interaction less fluid.

REST is used to realize SOA using Web services to enable communication be-
tween different machines. REST web services have many benefits, like using for
every process instance a unique address and one generic listener interface for notifica-
tions for a specific client [3].

WADL [4] is an XML-based computer language that describes REST applications.
Its primary purpose is thus to describe the services offered by an application on the
internet. This specification competes with WSDL 2.0, which allows the description of
SOAP web services. In addition, WADL is still very poorly supported by all existing
frameworks which limit its use.

2.3  SOAP and WSDL

SOAP [3] is an object-oriented remote procedure call (RPC) protocol built on
XML. It allows the transmission of messages between remote objects, which means
that it allows an object to invoke object methods physically located on another server.
The transfer is most often using the HTTP protocol, but can also be done by other
protocols such as Simple Mail Transfer Protocol (SMTP).

The SOAP protocol consists of two parts:

e An envelope, containing information about the message itself to allow its routing
and processing;

e A data model, defining the format of the message, that is to say the information to
be transmitted.

SOAP was initially defined by Microsoft and IBM1, but has become a reference
since a The World Wide Web Consortium (W3C) recommendation. The SOAP proto-
col uses metadata. It is no longer an acronym since version 1.2. Indeed, SOAP v1.2
has been rewritten according to XML info sets and no longer as serializations <? Xml
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...7> as it was in v1.1. The concept of object (specified in Simple Object Access Pro-
tocol) thus becomes obsolete.

The Web Services Description Language is a language proposed by W3C [5] to
describe Web Services. WSDL is a description of a web service in XML format.
WSDL 1.1 was proposed in 2001 to W3C for standardization but is not approved by
the W3C. Version 2.0 was approved on June 27, 2007 and is now an official W3C
recommendation. The WSDL describes a public interface for accessing a web service,
particularly in the context of SOA architectures.

2.4  Cloud Computing

Definition and Characteristics of Cloud Computing. National Institute of Stand-
ards and Technology (NIST) defines Cloud Computing as follow: "cloud computing
is a model for enabling ubiquitous, convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applica-
tions and services) that can be rapidly provisioned and released with minimal man-
agement effort or service provider interaction" [6]. Cloud model is divided on five
principal characteristics, four deployment models and three service models [6].

The main essential characteristics of the Cloud Computing are:

On-demand self-service: Stored resources are accessible by user at all times direct-
ly; the service provider does not have to intervene to make the resources available.
The implementation of the system is fully automated, and the user sets up and manag-
es the configuration from a distance, by means of a command console.

Broad network access: The resources are accessible everywhere and on various
platforms. These processing centers are usually connected directly to the Internet
backbone for excellent connectivity.

Resource pooling: Resources are available to multiple users (multi-client model)
depending on the request, and located in a specific location often unknown to users.
Most of these centers have tens of thousands of servers and storage to enable fast load
outs. It is often possible to choose a geographical area to put the data "near" users.

Rapid elasticity: Resources are adjusted quickly according to the demands and
needs of users. The upload of a new instance of a server is done in a few minutes,
shutdown and restart in a few seconds. Scripts can do all these operations automati-
cally. These management mechanisms make it possible to fully benefit from usage
billing by adapting computing power to instantaneous traffic.

Measured service: According to the type of services Cloud providers do supervi-
sion and control of the use of resources. There is usually no cost of commissioning (it
is the user who performs the operations). Billing is calculated based on the duration
and quantity of resources used. A stopped processing unit is not charged.

Deployment Models. The deployment models of Cloud Computing are:

Private Cloud: The private cloud is a cloud in which services and infrastructure are
on a private network. It is a set of cloud computing resources used exclusively by a
company or organization. The private cloud can be physically located in the local data
center of the company. Some companies also pay service providers to host their pri-
vate cloud.
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Community Cloud: Community Cloud is the ability for multiple entities or mem-
bers of organizations with the same needs to use a single cloud solution. In this case,
the Cloud is shared within several structures (companies, subsidiaries, business com-
binations, business groups...). It can then be used for generic applications adapted to
the concerns of the group, or to host specialized applications common to many com-
panies who wish to federate their efforts. Brief, the Community Cloud allows multiple
companies to share resources and access to the same data.

Public Cloud: Public clouds are offered by a cloud service provider, which pro-
vides computing resources, such as servers and storage, over the Internet. In a public
cloud, cloud provider owns all hardware, software, and infrastructure. Users access
these services and manage their account via a web browser.

Hybrid Cloud: The hybrid cloud brings public and private clouds together, linked
by technology to share data and applications. By enabling data and applications to
migrate from private cloud to the public cloud, the hybrid cloud provides to organiza-
tions a greater flexibility and more deployment options.

Limits of Cloud Computing. Cloud Computing has a lot of benefits, but also still
some drawbacks such as:

Security and privacy: The challenges remain numerous for the suppliers. We need
to give confidence in the security model and in the management tools that are pro-
posed. Management tasks are performed indirectly through an interface since the user
does not have direct control over the physical infrastructure. This sharing of responsi-
bilities complicates security audits a bit.

Portability: Currently, there is no widely accepted standard for interoperability and
portability between cloud service providers. Hence, users must take all necessary
steps to avoid being trapped; consumers can find themselves in vendor lock-in situa-
tion [7].

Standardization: Cloud computing has grown considerably in a few years. This
rapid growth, however, has led to the emergence of many incompatible achievements
despite the efforts of standardization groups. Lack of standardization, particularly
with regard to security or data protection, makes it difficult to compare offers. How-
ever, interoperability between offers and the portability of services become a very
important aspect for users to maximize their return on investment by choosing the
best offers while avoiding being locked up in a single provider. “Even if it is possible
to provide service for diverse Cloud interfaces through a middleware, there are no
rules that can be supervised by Cloud providers” [8].

3 Motivation and Related Work

Many Middleware Framework are created to solve interoperability problem in het-
erogeneous environment, such as Internet of thing (IoT) environment in [19].

iJES — Vol. 6, No. 3, 2018 33



Paper—WSDL/WADL Conversion in MaaS to Ensure Interoperability in Heterogeneous Environment

—i Mappin @l -
Client / Hul!sPS:orgge 0 Cloud Provider
- Biaier T Server
| N
| ‘
=) }
[ | S S | -
Ol -

________ ]
gL b
$ i |
I 1 -
‘ : E :
! } X
XML/JSON REST/SOAP WSDL/WADL
Converter Converter Converter

= L= gy

I

|

i

]

|

|

I

o st
B
4

On-premise application

Company

Fig. 1. Global Architecture of MAAS

In [1-15], we did a global study about interoperability issues between SOAP web
service client and REST web service Cloud provider, clarifying the problem with a
case study. We have proposed a Middleware as Service (MaaS) as shown in fig. 1,
which is an extension to our previous work [1]. The objective is to enable the archi-
tecture to support not only the translation of WSDL and WADL files, but also the
translation of the requests and responses between REST and SOAP messages. Be-
sides, it implies the translation between XML and JSON scheme. Furthermore, the
main objective of the structure of our architecture is to make it straightforward, by
composing the architecture in several components, each component is responsible for
a specific treatment, and outsourcing mapping rules to a Data as a Service (DaaS) to
simplify update and evolution of system to tolerate other standards. To ensure security
and semantic to our middleware, we combine Client interface and Provider interface
from [1] in one Proxy interface orchestrator as shown in fig. 1.

REST2SOAP [9] is framework which interprets RESTful web service into SOAP
web service semi-automatically. The generation of the WSDL file is been using
JAVA2WSDL by converting RESTful service automatically to enable RESTful
through Business Process Exception Language (BPEL) based on composite service.
The main weakness of this solution is semi-automatic integration, and the target of
this framework is just wrapping the RESTful web service into SOAP web service, not
to make an equivalent SOAP file by mapping a RESTful file.

SOAP to RESTful HTTP mapping (STORHM) [10] is a protocol adapter which al-
lows companies to converse with an existing SOAP web service client to RESTful
HTTP web service server. Without influencing on existing clients, Wizard takes as an
input WSDL file, WSDL schema and WADL (facultative), these files are used to
bring out different services from WSDL file. To map SOAP message to RESTful
HTTP format, users have to interact with Wizard form to enter information about
WSDL files. The translation is from SOAP message service to RESTful HTTP ser-
vice, in one sense.
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DreamFactory [11] is a platform middleware REST Application Programming In-
terface (API). The function of this platform is to pack SOAP service into REST API
and create REST endpoints. This conversion makes a request using JSON, calls the
legacy SOAP service and then the SOAP response is converted back to JSON for the
client application. To make translation, developers must interact with system and
know what the mapping methods are talking about, and have the ability to use it in
application.

Migration of SOAP-based services to RESTful services: “An approach generates
automatically the configuration files needed to deploy the RESTful services and
wrappers for accessing SOAP based services in the REST architecture” [12]. This is
to allow the interaction between SOAP-based services and RESTful services; this
approach convert dynamically messages between SOAP and REST web services. It
also permits the translation from SOAP to REST protocol. It is based on provider
side, so; the provider has to have RESTful and WSDL based services to send then to
the right client, WSDL to SOAP client and RESTFul to client using REST web ser-
vice.

MicroWSMO [13] supports dynamic substitution of REST and SOAP web services
inner a service composition, even in presence of syntactic mismatches between ser-
vice interfaces. It is based on a running prototype implemented in order to apply this
approach to lightweight processes execution. The main limitation of this solution is
that the translation is semi-automatic.

4 Proposed solution

To make alive our architecture, we start by creating the WSDL/WADL converter
and the mapping rules storage.

4.1 WSDL/WADL Converter

As mentioned in [1-15], WSDL/WADL Converter is the main component of our
architecture. It guarantees interoperability and standardization in heterogeneous mid-
dleware. It supports WADL object as illustrated in detail in fig. 2 and WSDL object
as shown in fig. 3. These objects are generalized, and can support the maximum of
WSDL and WADL files.

The converter has a WADL file as input that represents the response of the Cloud
provider to a client request. Then, as a first step, the converter receives the parser
from mapping rules storage, the goal here is to transform a WADL file that has the
XML format into a WADL object. The WADL object architecture corresponds to a
WADL file. Each WADL file contains 'application' and 'resources'. The service is
described using a set of 'resource' elements. Each 'resource' contains elements of
"prameters" to describe the "inputs" and "methods" that describe the "response" and
"request" of a resource. Each answer has its "presentation”, which describes the repre-
sentation of the service response.

iJES — Vol. 6, No. 3, 2018 35



Paper—WSDL/WADL Conversion in MaaS to Ensure Interoperability in Heterogeneous Environment

WADL

+id int
+ProviderURL String
+clientURL String
+date String

1

application Include
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Q.\____ 0.* +href String

+NameSpace String

+1

resources

+base String

{

resource

1.

+ld String 0.
+path String 2
+queryType String
+type String

0.*

methode param
+default

option

+option value String

+id String

+name GET POST PUT DELETE k> +1ame String e
+0.* | +required Boolean +0.1
+style Query Header Matrix Template

Fault
0.x +status String
response +mediaType String
request +element String
+status Int +idint
+name String
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+ype String
+default
* N +path String
0 Link +required Boolean
. +resourceType String +repeating Boolean
representation  [*0.. doc +1el String +fixed String
+mediaType String
+element String e 0.*
+profile String +0..
+Status String

Fig. 2. WADL Object
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Fig. 3. WSDL Object

Next step is to convert WADL object to WSDL object respecting mapping rules
coming from mapping rule Storage described in table 1. The first column of this table
represents WADL elements, the equivalent WSDL elements are represented in the
second column, and the third column represents mapping rules from WADL to
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WSDL elements. The equivalence of “Operation” element of WSDL object is “Meth-
od” element from WADL object, so the name of the operation is the name of method
concatenate with the path of it resource as follow:

(Name_operation = name_method+path_ressource).

In the case of “Service”, “Port”, “Binding”, “Soap:binding”, and “Soap:body” ele-
ments, the equivalents of these elements do not exist from a specific elements from
WADL object, and there are obligatory to have a correct WSDL file to be understand-
able by SOAP client. For that, we have create mapping rules from a set of WADL
elements, we arrived at this representation by studying a set of WSDL files. In fig 5
and fig 6, we present an example of conversion from WADL file to WSDL file. Fig 5
is the input of the conversion algorithm and fig 6 is the output.

Table 1. Mapping rules WADL object to WSDL object

WADL WSDL Mapping
Methode Operation Name operation=name method+path ressource
Param Part Name_ Part=name param
Type part="String”(default)
gz;l;(frslts/e Message Name message=Name_operation+”’Request” or "Response”
Service Name=Name of web service+“Service”
Port Binding name= web service name+*‘Port”
Resources Soap:address Web service URL= value of resource base attribute
Binding Name=webservice Name+ “Binding”
type=Name of port type
Soap:binding Style=RPC
) Transport=http://schemas.xmlsoap.org/soap/http
Soap:body Encoding style and ilts namespace
Input/output Attribute message= name_method+“request” or “response”

Fig. 4 is a part of conversion algorithm, which enables conversion from WADL to
WSDL object respecting mapping rules in table 1 and WADL and WSDL structures
in fig 2 and fig 3. Each method of WADL object is an operation of a WSDL object, so
we search from WADL object all methods for every resource. Input and output of
operation are created from request and response elements of WADL object. Parame-
ters of input and output are the parameters of request and response elements.

The conversion directed from WSDL file to WADL is complicated then WADL to
WSDL because of the complexity of WSDL file. In WADL file there are four types of
methods (GET, POST, PUT and DELETE). Contrariwise in WSDL file we should
have a semantic algorithm to detect the type of methods from the meaning of opera-
tion name, for that we take equation (1) for ‘Put’ type and equation (2) for ‘Post’ type,
equation (3) for ‘Delete’ type, and equation (4) for ‘Get’ type.
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for i=1 to resourcesNbr do
for j=1 to methodesNbr do

%Create operation

Operation_Name < meth-
od.Name+resource.Path

%Create input and output objets

Input_Message< meth-
od_Name+resource_Path+ "Request”

Out-
put_Message<method_Name+resource_Path+
"Response”

%Create message and parameters of in-
put messages

Message_Name< meth-
od_Name+resource_Path+ "Request"

%Create parameters of input messages

for r=1 to RequestLength do

if Request not null
for k=1 to ReqParamNbr do
part_Name& ReqParam_Name
part_Type& ReqParam_Type
end for
end if

end for

%Create message and parameters of out-
put messages

Fig. 4. Conversion algorithm from WADL to WSDL

Equations:
¥ Op € Pu, M & Put (1
¥ Op € Po, M < Post 2)
VOp€eD,M & Delete  (3)
VOpeG M < get 4

Pu = {Put, submit, ..., n}
Po = {Post, ..., n}

D = {Delete, erase, ..., n}
G = {Get, obtain, ..., n}
Op= Operation_Name
M = Method
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4.2  Mapping rule storage

Mapping rules storage contains all mapping rules used by the system. As an exam-
ple, fig. 4 presents a WSDL mapping, which enables converter component to convert

WSDL object to WSDL object.

Fig. 4 shows a part of algorithm of mapping rules. This part of mapping is stored in
mapping rules storage component as mentioned in [15]. To insure this conversion, we
used Java Architecture for XML Binding (JAXB) tool. This tool permits to develop-
ers to rig an XML document without knowing the way an XML document is handled
as the case with Document Object Model (DOM) or Simple API for XML (SAX).
The handling of XML document is accomplished by using objects generated from a
Document Type Definition (DTD) for JAXB 1.0 and an XML schema of the docu-

ment to be processed for JAXB 2.0.

capplicatisn salns="hrtp: //wadl dev_ java.nec/2009/02%%

Lrasources base="http:/ exanple.com/api™>
R ST PR [.I-:I.L:.‘.—-]‘JU'J:E:I-:-I’
<mathod name="3ZET"/ >
“resource path=" {bookId]} ">

“param :E-ql.:_i.:ﬂd._" trus”™ atyla="tamplate”

name="bookId" >
cmethod nams="GEL" />
“method name="DELETE"/>
crasources path="revisws™>
<method nams="GET">

CrSTUSSED

<param nane™"page® required="falae’

default="1" style="guery™ />

{param nane™"size" required="falae’

defanlte®"20% style="gussp® />
</ raquast?
< S thosd >
< rapouroco>
sl rescuree>
</ rogouroa®
<rescurce path="readera®s
cmathad nama="3GET=/S>
</ rescurceX
</ resouTrCaE >
<fapplicationd

Fig. 5. Example of WADL file
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Fig. 6. Generated WSDL
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5 Conclusion

In this paper, we have proposed some solutions used to make alive our MaaS archi-
tecture. The objective is to complete the architecture, and make it global and flexible
to every client using REST or SOAP web service to communicate with any Cloud
Provider or other System using SOAP or REST web service, by making translation
between WSDL and WADL files. In addition, we make sure that the proposed MaaS
tolerates maximum of WSDL and WADL file by WDSL and WADL object used in
our converter. We gave an example of WSDL mapping algorithm to parse an XML
file to an object and vice-versa.

In perspective, we will make alive our system in Cloud environment.
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