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Abstract—In companies environments, it is normal to exist
several systems to ease daily activities. In acadienenvironments,
it also happens. However, academic environments maye even
more heterogeneous as there are many specializediaities, such
as: restaurant, library, academic processes, admisirative
processes and computer network services, such as almand
network authentication. To maintain the data consitency
throughout the systems, all the systems must be egrated. This
integration was carried out at the Federal Univerdy of Lavras,
using Simple Object Access Protocol (SOAP) as commigation
protocol. The development of a new system (mobilepplication),
it was noticed that SOAP is very CPU-intensive andlow, as
mobile devices have constraints such as internet drprocessing.
Thus, a REST-JSON layer to integrate mobile applicgon and the
integration architecture was developed, benefitingrom all the
resources the integration architecture had. By usig this new
layer, the offer of functions from the integrationarchitecture was
also expanded to REST, attending to other applicaihs without
having to make big changes in the code. It was measd that the
REST-JSON layer consumes around 73% less data tha®OAP.
The REST-JSON layer was released, attending to abblb600
installations of the application that requests theintegration
around 54000 times a day.

Keywords—Service-Oriented Architecture, Information
Systems Integration, Web Services, JSON, SOAP

Edition (J2EE) andMeb Services [10]. Web Services represent
a form to offer distributed resources connecteith¢olnternet.

Some standards and technologies support the dewefdp
of Web Services, such aRepresentational State Transfer
(REST), an architecture that uses principles thakemthe
Internet scalable [7], and&mple Object Access Protocol
(SOAP), a widely used communication protocol [21].

Just like in the corporative environments, IS asdsts in
academic environments, which can be even
heterogeneous than their  corporative
[1][2][4][8][16]. In corporative systems, there cdre ERPs
(Enterprise Resource Planning) with modules that cover
activities from several departments. In universitidue to the
high heterogeneity of the departments and actiitieich as
restaurants, distance learning environments, adadewntrol
systems and libraries, there usually are manyreiffesystems,
each one for its specific purpose. In this cass,riecessary to
share the data between those systems so that tiésdeept
consistent.

The Federal University of Lavras (UFLA) has arouzf@l
information and network systems and is an exampleow
complex the integration of academic informationteys can
be [8]. Those systems are maintained by the Infooma
Systems Department (CSI), which is subordinateth®

more
counterparts

Information Technology Management Directorate (DT
They are heterogeneous in terms of technology bdataand
diﬁerengevelopers (some were developed by the CSI itselfaher

. INTRODUCTION

C orporative environments usually have
information systems in its strategic, tactical an
operational levels [17]. Usually, it is necessaryshare data
between those systems and this can be performedgtnr
Information Systems Integration (ISI). There are nypa
different approaches for ISI such as "Compositelispfions”
[14], with focus on techniques or "Distributed Buess
Processes" [12], with emphasis on organizationatgsses.

In order to perform an ISI, we can use techniqueh fs
Service Oriented Architecture (SOA), configuringSarvice
Oriented Integration (SOI).

Several technologies support the implementatiorSOf,
such as the.NET framework, tdava 2 Platform, Enterprise

y third parties).

The integration architecture between informatiostemns
and network services was developed using SOAP as a
protocol, intending to be [8]: scalable, flexibl@onitorable
and also, should count with security mechanisms.

The idea of scalability consists on the possibitifyeasily
including new web services; flexibility consists omeeting
different institutional requirements; monitorahilin the idea
that any error could be easily detectable; and sbeurity
mechanisms, as the whole integration works withsqeal,
confidential data. The set of web services offeieaalled
Integration Web Services (WSI).
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UFLA is again the object of study in this paper,ichh
describes the addition of a new system in its natign
environment: a mobile application, calleMinhaUFLA
(myUFLA), to be used by the academic community.c8in
mobile devices do not have the same amount of reesu
(energy, data plan, processing and storing capaastyservers
do, the application was designed to be as smalkegiossible
to the device. In this context, it was decided &f@rm the
integration of this application with the integratienvironment
using REST, as REST inquiries can be from 9 toiB&g
faster than SOAP and the XML structure can be up times
larger than JSON [6].

Therefore, it was detected an incompatibility betwehe
communication method used in the mobile device (REd
the standardized communication method in the exjsti
integration architecture (SOAP). This way, it wasessary to
develop a layer to integrate the mobile device dhe
institutional systems.

The goal of this work is to show how this integoatiwas
performed, evaluating positive and negative aspegtsen

whose characteristics are the following [13]: léigy (by
humans), easy to generate and analyze.

SOAP provides a basic communication standard ased a
document based on XML which is calledleb Services
Description Language (WSDL) to describe the functionalities
offered by a WS [21]. The WSDL of the web servipesvider
related to the MinhaUFLA  application is generated
automatically by the tool called NuSOAP

NuSOAP identified the registered Web Services enedte
message elements concatenating the wdRdgquest and
Response to the Web Services names in the WSDL. This way,
it identifies the parameters that must be sentoimseme the
Web Service (message identified wiequest) and what is
returned by the consumed Web Service (messageifident
with Response). For instance, Figure 1 shows the message
elements from the service MinhaUFLA.auth. It can dsen
that it must be informed the parametéoken andip when
consuming the Web ServicRdguest) and the return value is
of typestring (Response).

<message name="MinhaUFLA.authRequest”=
<part name="token" type="xsd:string"/>
<part name="ip" type="xsd:string"/>

that the use of mobile devices is growing, the mai</message=

contribution of this work is to make it possible fastitutions
undergoing similar situations to analyze their gnédion
architectures and to decide whether or not to aekéra layer
for the communication of their mobile apps with tbther
systems.

The rest of this work is organized as follows. #ectll
present the related concepieb Services, REST and SOAP.
Section Il defines the problem. Section IV desesibthe
implemented solution. Section V evaluates the smutand
finally, in Section VI, it is presented our condtrss on the
whole work.

Il. WEB SERVICES SOAPAND REST

Service Oriented Architecture is an independecttrielogy
paradigm based on patterns which has become ahe ofiain
paradigms in distributed systems [19]. SOA aimsrgtnizing
and using resources that can be under the resplansds
different organizations, providing a standardizead/wo offer,
discover and interact with functionalities used d@ohieve
consistent effects, with side benefits such asegsysgrowth
control and global service offer [18].

The main goal of integration using SOA, called v&sr
Oriented Integration (SOI), is to integrate difigresystems
changing little or nothing in their implementatifiti]. One of
the ways to implement SOI is by using Web Serviedsch
constitute a SOI by offering a service interfacat thllows for
the interaction between service providers and aoess [5].

The ways to implement Web Services are [21] SOAP
REST and the most commons standards used to iategeh
data are the following:

i) Extensible Markup Language (XML) [20] — a standard used
to describe data in a flexible way; and

i) Javascript Object Notation (JSON) -a language
independent format which is less verbose than XMid a

=message name="MinhaUFLA.authResponse"=
<part name="return" type="xsd:string"/=>

</message>

Fig. 1. Example of WSDL (partial)

Figure 2 shows an example of SOAP request toVike
Service MinhaUFLA.auth Request) and Figure 3 shows an
example of SOAP answer to this requestsponse). In the
Figures 2 and 3, it can be seen that there isuatate defined
by the WSDL that must be respected for the Web iSesuo
work properly. In Figure 2 we can specifically siat the
WizzdleF tool (a tool used to generate request structumesd
on WSDL documents) generated MinhaUFLA.auth for the
request. Through empirical tests, we noticed that
MinhaUFLA.auth and MinhaUFLA.authRequest are symasy
within the SOAP request context.

<Envelope xmlns="http://schemas.xmlsoap.org/socap/envelopef">
<Body>
<MinhaUFLA.auth xmlns="urn:minhaufla"=
<tokens[string]</tokens>
<ip>[stringl<fip>
</MinhaUFLA. auths=
</Body=>
</Envelope>

Fig. 2. Example of SOAP requisition

REST is an abstraction of the principles that méhe
World Wide Web scalable and allows us to offer mew
identified by aUniform Resource ldentifier (URI). HTTP
#ethods, such as GET, POST, DELETE and PUT defiae t
operation to be executed over a single or multipterds. For
instance, GET returns a record, POST inserts a neeard,

! https://sourceforge.net/projects/nusoap/
2 https://chrome.google.com/webstore/detail/wizdler/
oebpmncolmhiapingjaagmapififiakb
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DELETE removes one and PUT updates an existingrdecc

[7].

<?xml version="1.0" encoding="IS0-8859-1"7>
<S0AP-ENV:Envelope SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/
xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/"
x¥mlns:xsd="http:/ /www.w3.0rg/2081/XMLSchema"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmlns:SOAP-ENC="http://schemas.xmlsoap.org/scap/encoding/">
<SOAP-ENV:Body>
<ns1:MinhaUFLA.authResponse xmlns:nsi="urn:minhaufla">
<return xsi:type="xsd:string">Resposta</return>
</ns1:MinhaUFLA. authResponses
</SOAP-ENV:Body>
</SOAP-ENV:Envelopes

Fig. 3. Example of SOAP return value

Therefore, SOAP requires a XML structure that mst
respected within the service request and respond@eR&EST
allows the communication pattern to be defined bg t
interested parties [9]. Figures 4 and 5 show timeesmessage
using SOAP-XML e REST-JSON. We can infer that tatad
size will be bigger using SOAP-XML because the ragses
content will be surrounded by the SOAP protocolctire,
while using REST-JSON, this does not happen.

Requests using REST-JSON were the best alternfdive
mobile devices in tests that included also REST-Xltd
SOAP in different operational systems (i0OS 8.0, i®3,
Android 4.4.2 and the iOS simulator) [6]. It wassehved that
REST-JSON requests are 9 to 30 times faster thaAPSO
requests, both in processing and transmission [ hat is
due to the fact that the XML structure (for SOARI&REST-
XML) can be up to three times larger than the J@rNcture
for the same data, besides the fact that the XMicgssing is
more costly in computational terms [6].

The integration architecture in the Federal Ursitgrof
Lavras (UFLA) was developed using the PHPogramming
language and designed to [8]: i) have security @meisms, ii)
have the relationship between services and itsigeos based
on the concept that there will be many providerthview
services each, grouped according to the systenishwiould
make it easier to have isolated maintenance; afdusie
SOAP.

Between the end of 2015 and the beginning of 2@litew
app for Android based mobile devices called MinhbAF
(myUFLA) began to be developed [3]. This app hpSoms
that are common to students and professors andnzpthat
are specific for each profile. For instance, in tteident
profile, the user can see the grades in each exaitle
geolocation of each classroom; and in the profegsofile
there are options to check time and place of elads @nd to
insert student attendance information [4]. The appuld use
data that already exists in the University inforiomatsystems
and that is offered by the WSI.

Therefore, the following issues were analyzed:

PROBLEM DEFINITION

» The mobile app show, get and manipulate data usir

the integration architecture in order to complyhwit
the security, manutenibility and scalability

3 http://www.php.net
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<2xml version="1.8" encoding="I150-8859-1"7?>
<SOAP-ENV:Envelope SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org
/soapfencoding/" xmins:SOAP-ENV="http://schemas.xmlsoap.org/soap
Jenvelope/" xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" xmlns:xsi
="http://www.w3.0rg/2001/XMLSchema-instance" xmlns:SOAP-ENC="http
://schemas . xmlsoap.org/soap/encoding/">
<SOAP-ENV:Body>
<ns1:MinhaUFLA. authResponse xmlns:nsi="urn:minhaufla">
<return xsi:type="xsd:string">{&quot;id&quot;:&quot;860_1
.4&quot; ,&quot;messagedquot; :&quot;ST-119242
-BCvOxadIuSHBEbNZDGsk -casdgti&quot; ,&quot; typeiquot
; :&quot; SUCESSO&quot; ,&quot;systemBquot; :&quot
s MINHAUFLARqQuot; }</return>
</ns1:MinhalFLA. authResponse>
</SOAP-ENV:Body>
< [SOAP-ENV:Envelopes
Fig. 4. Example of a SOAP-XML message.

{B
"id":"866_1.4",
"message”:"131vnt2td8hihhnaens1d7jlal”,
"type™:"SUCESSO",
"system": "MINHAUFLA"

1

Fig. 5. Example of REST-JSON message.
requirements and to use the existing monitoring
mechanisms;

Given that mobile devices have limited resourcesrwh
compared to conventional computers, in terms of
energy source, Internet bandwidth and processing
capability, the MinhaUFLA app was designed to use
the minimum processing capability and to transter a
little data as possible through the Internet.

Based on this analysis, we could see that thegriaten
architecture which uses SOAP and the use of RE®INJBy
the applications was not compatible. Hence, thatien was
to develop a SOAP/REST integration layer to allbe app to
communicate with the WSI through the integration
architecture.

IV. IMPLEMENTED SOLUTION

Given the problem described in Section I, it vaesigned
a SOAP/REST integration layer to allow the inteigrabf the
mobile app, receiving REST/JSON requests coming ftioe
app and converting to SOAP for the integration (aiwk-
versa), as described in the next subsections.

Consumers, Providers Private Providers Private Consumers

| Zimbra | | Zimbra |

PROEC [ oae | I

[Rvaacesso [Rvaacesso|

PRP » Public » | Pergamum I < | Pergamum I
sp

sicagmin | [ <+-= [[(hes ]| —H [ hes ]

BD-SIG

Integration architecture: providers andsiamers

Zimbra

Fig. 6.

(o))
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A. Communication Standard between Consumers and i H
Providers MINHAUFLA, authitoken) _Li

In the integration architecture at UFLA, thereaiglivision
between Providers and Consumers. Providers offereb W ;___55;3_"4_’*1_525_5518_"111_*_5E____‘L
1

Services, while Consumers use those Web Serviastle i
others provide. MINHAUFLA.loyg i SID Jugin,passwurd). |
Each provider is related to a specific system. iRstance,

Pergamum, the library system, has its own provigled a < __JSONMessage ______

consumer that uses the data update web servicésitsha :

provider offers. This relationship can be seen igufe 6, MINHAUF_2.getGrades(SID, semesten)

which represents the integration architecture ptiorthe

MinhaUFLA app. RS — = —— TONMessage - .
The communication between providers and consurisers I i

made using a JSON object with 4 attribuidsmessage, type
e system. This object is encapsulated by the structurénisit Fig. 8. Communication flow of the web service thettirns student grades
to using SOAP.

There is also a sequence in the requests to tHah&Smust  jthin DGTI-UFLA "REST-JSON layer”, it was consicel
be respected (Figure 7). In the example showngdargi7, the the following aspects:

consumer authenticates into the provider usingtoken i) service offer complementation by the WSI th&epbthem
(password) previously defined. Next, the provideturns a using only SOAP; and

JSON .ObJ?Ct containing a SID (session id). Af.te.'e th i) security and scalability requirements in casther
authentication, the consumer can access othercssrvuising

the SID [8]. applications need the updated information.

This way, the updated architecture can be repredeas
A

LDAP.auth(token) REST/SOAP layer which makes a SOAP requests tove-

being able to access services from providers sciSI&,
s Pergamum, RV3/Acesso and HCS, which would retusn th
N required information through the same path usdtierreverse
LDAP.changePassword(SID, password,ujc) . . .

way, reaching the applications.

<. 1SON Message with SID

< ___JSON Message

EEEEEEY

L
i
Integration Web
Services

Fig. 7. Communication flow of the authentication of a Camsu and
Provider.

Per-

MinhaUFLA sIG gamum

While communicating with the WSI, there must beguest
to the auth service which corresponds to the authentication ==
with the desired service provider and which considine H
token (used password) and the origin IP. In the commtioica
between the mobile app and the WSI there can bthanstep  Fig. 9. Architecture using REST-JSON layer
after the authentication which is thagin service (Figure 8).
This step exists only for a few services. Wlalgh manages
the permission for the app to access the VU$jin manages C. Implementation

the permission for the user to access certainaesvnside the  First the Web Services for MinhaUFLA as well as bther

application. Web Services for the WSI were developed using SCBARh
Web Services correspond, for instance to the dietiviof
B. Integration Layer: REST/SOAP checking grades in activities of a specific clasapaining

. . " " credits in the university restaurant and checkimgdamic
The integration layer "translates” from REST-JS@Nite timetables. These web services should be accessedthe

SOAP protchl used by the WSI gnd vice-versa. Tay, application by the REST-JSON layer.
changes within the implementation of the WSI were

minimized. When designing this integration laye@llexd
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In order to implement the REST-JSON layer, we uged
PHP programming
framework, in its 5.2 version.

The PHP language was chosen due to an existingasth

In the particular Laravel context, it was alsoveleped a

language together with the Laravebiddleware, a concept used in Laravel to encapsuaguests,

allowing it to execute tasks relating to a specdantroller
(before or after, depending on the configuration).

within DGTI-UFLA on internal systems and the Larhve This middleware evaluates the existence of a P@®iaible

framework was chosen due to the fact that it ceeRéstful
web services.

Even though Laravel has a lot of useful resoutoeseb
development, it does not have the native resourceerform
SOAP requests. So, in order to perform the requests the
REST-JSON layer to the WSI, it was used an integnat
package from SOAP to Laravel, called laravel-4oap

Since Laravel is a MVC Mode View Controller)
framework, it is necessary to create a model andraroller.
In Laravel it is not mandatory to develop a viehattis, the
information can be made available directly fronoatcoller.

Hence, it was developed a generic model calsdlass to

calledservice, which defines the SOAP web service to invoke.
The Laravel routing is flexible and can be confaglito use
the middleware and to redirect the request to eifipe
controller. Figure 10 shows the internal flow oBEtREST-
JSON layer.

Considering the flow presented in Figure 10 inoatext
particular to Laravel for the creation of a new REERON
web service, it is necessary to create a new routthe
routes.php file. Then, it should be created a controller that
must instantiate a WS model passing the configumati
parameters such as the SOAP provider, the WSDL dRL
invoke theaccess method passing the web service name and

access the Web Services that use SOAP and a dentrothe required parameters. In case there is anyataid to be

specific for the Web Services used by the MinhaUFgp.
The specific web services pass the configuratioarmaters to
the model and the model accesses the SOAP weltsefhe
return from the web services is then returned bycintroller,
being forwarded to the service consumer application

@

REST-JSON
Request

URL REST-JSON

Is there any
middleware
elated?

routes.php

no yes
| Controller ;—i Middleware I
~

"service" and parameters

Model WS

SOAP
Request

S

Fig. 10. Flow of a request from the applicatiorthte web services relatec
the MinhaUFLA

“ Disponivel em https://github.com/artisaninwebA@iesoap

performed in all requests, such as some type aérfil
cryptography, malicious code injection preventioih, is
suggested the creation of a new middleware.

V. EVALUATION SOLUTION

The goal of this work is to demonstrate how thiegration
between the mobile app and the integration enviemtrwas
done, while gathering some interesting data onitiégration.

As designed, the monitorability, maintainabilitynda
scalability were extended to the layer, makingasgble to
monitor the integration, even using the REST/JS@ixeH.
This is due to the fact that the layer itself ingskthe WSI,
which record the requests/responses and use the @aysical
server configured with HTTPS.

We performed tests in order to verify the avenageessing
time for a request. It was performed 100 requestd) 5
second intervals from, a computer to a test enuient
installed in a server with the Ubuntu Server 12 @derational
system in the same network.

The processing time was measured starting frometyeest
until receiving the response. The measurement wasnade
from a mobile device because the results would watly the
network that the device used to access the RESTNJ&¢er,
resulting in data that do not accurately refleatvhmuch time
the layer costs to the request.

In order to perform the requests, it was used ttws
Postmaf (for REST requests), and Wizdler (for SOAP
requests), both extensions to the Google Chfomveb
browser. The request times were also evaluatedg usia
Tukey HSD test (Honestly Significant Differencep[1which
measures the significant difference between groepages.

Table | shows the averages and standard deviations
calculated from the response time measuremenieofeifjuests
and Figure 11 shows a graphic with the result ef Tukey
test.

5 http://releases.ubuntu.com/14.04/
5 https://www.getpostman.com/
7 https://www.google.com/chrome/browser/desktop/inidenl
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TABLE |
AVERAGE REQUEST TIME

Communication Average time (ms) + standard dewatio

SOAP 64.59 +/- 2.2304
REST-JSON 165.99 +/- 2.2403
REST-JSON |- —&—
Layer
SOAP F—5—

L L I I I
60 80 100 120 140 160 180

Fig. 11. Tukey Test for the comparison of the ages for the direct SOAP
requests and the ones through the RESDN. This means that the avel
time for the SOAP requests are significantly betiem tie ones using ti
REST-JSON layer, but do not enjoy the benefitheflatter.

Observing Table | and Figure 11, it can be seen the
implemented solution takes 100 milliseconds loriggsrocess
a request. Since the integration architecture bechybrid,
using SOAP and REST-JSON, because of the inserfidine
REST-JSON layer in the call sequence, this timeeimge was
already expected.

Even though the layer increases the request Bingesme,
this increase represents more processing only ensénver
side, avoiding processing at the mobile device beeshe data
is returned in the JSON standard.

It is also important to point out that 100 milkeads is a
small, not perceptible time that does not affeat tiser
experience in a negative way.

It was also compared the return sizes for the SQAR
REST/JSON requests using as an example three weibese
developed to serve the MinhaUFLA app: auth, logimd a
getGrades. Auth returns the smallest data set at@rades
returns the largest. That is, it was compared hawehrthe
mobile app consumes in bytes and also, how muwiil ihave
to process. The data of this comparison can beiseEable I
and Figure 12.

TABLE I
MESSAGES SIZKIN BYTES) WHEN USINGSOAP
AND THE REST-JSONLAYER

Communication SerV\\l/?ges Size inbytes
SOAP auth 747
REST-JSON auth 97
SOAP login 893
REST-JSON login 179
SOAP getGrades 2968
REST-JSON getGrades 1000

The data observed in Figure 12 correspond to theskhat
would be consumed in bandwidth in the mobile device
average, the messages using the REST/JSON layer3dse

3000 T
[ IREST-JSON
I s/

2500 F

2000

1500

(bytes)

1000

500

auth login getGrades

Web Services
Fig. 12. Size in bytes of the SOAP and REST/JS@Niisition, byWeb
Service

less bandwidth than those using SOAP.

The integration architecture using the REST/JSGMHrlhas
been in the production environment since Septer20&6),
when the application was officially released. Until
November/2016 there were 5600 active installatafrthe app
performing in average 54.000 requests per day. appe has
1788 evaluations in Google Play, achieving an aye@t 4.8
stars out of the maximunf5

VI.

Using web services to offer functionality throutite web
has become more common each day due to its flayibihd
security when compared with other ways to offer
functionalities and because of its scalability. Theost
common way to offer this functionality is using SBAor
REST.

At UFLA, there was a set of web services for thstems
integration and to offer functionalities. The intation web
services use SOAP, because they were designedhéor t
integration of systems with no restrictions conagsgn
processing, Internet and other resources. Neveghgelwith
the addition of an institutional mobile app, thesas an
increase in the complexity of the existing integnaton the
issues of processing power and data consumptidrict&ms
that apply to mobile devices.

The solution developed, called REST/JSON layepoises
a increase in average of 100ms (or 0,1 secondsguctes
73% less bandwidth than its SOAP counterpart and,
consequently, required less processing and enequgnditure
from the mobile device, because processing XMLIasver
and requires more CPU than processing JSON [6].

CONCLUSIONS ANDFUTURE WORK

Among the positive points of the REST/JSON layar,can
highlight the following:
» Web service offer to mobile devices with low timest
when compared to a common SOAP request;
» Centralization of the web services offer by the WSI
was kept. That is, even though the Web Service was
offered using REST, initially the web service would

8 Data from April/ 2017
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be developed and made available through SOAP
through the WSI and the REST-JSON would only
have the role of transcribing the REST-JSONg;
requests to SOAP and vice versa,;

[6]

Mechanisms existing in the integration architecture
such as monitorability, maintainability and scaliapi
were extended to the REST/JSON layer;

Minimum additional work is necessary for the oftdr
web services also in REST/JSON (when compared
the necessary work to offer the web services amly
SOAP).

(71

(9]

out the following:

Increase of about 0.1 seconds in request time;

Increase in maintenance complexity, because thex layi10]
was developed by using technologies that are
different from the ones wused in the WSl
Nevertheless, the architecture used offers impbrtan
positive points in detriment to the less important!?]
negative points, as discussed in Section V.

[13]

Hence, the problems pointed out after the analgtithe

issues were solved with
REST/JSON
changed to allow the integration of the app withiotgrfering

the
The existing

implementation of th&4]

layer. integration architezt [15

in the offer of the web services and in the intégra
mechanism used until that point, keeping its cheréstics and
mechanisms of security, monitoring, flexibility aadalability.

The consumption of energy and Internet bandwidththmsy

[17]

mobile devices were made in JSON and the SOAP stque

processing was performed by the application server.

(18]

Given that the performance of REST/JSON requestslot
faster and less burdensome to the CPU, we suggest fi9]
following future works:

To perform new studies on REST-JSON (or other

related that may arise);

The evaluation of the technologies that support ATT 5

requests;

To perform internal tests with JSON/REST and other

technologies;

The study of the possibility of rewriting the web[zq;

services in JSON/REST or in another more efficient
technology. [22]
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