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Abstract— Services composition in Telco 2.0 is known as associated with convergent composition for the whol

convergent or unified composition. This compositioris a very
particular process with special features and complaty

associated to technical differences between Web af@lco. As
available services grow exponentially and are updatl on the
fly, it has become impossible for human capacity tanalyse all
of them and generate manually a composition plan. Ais paper
presents a service architecture for user centred @aomated
composition in Telco 2.0. Our approach is based oartificial

intelligence planning considering the context infomation from

the user and its access device using a cost funatidrinally, a
prototype of the user centred planning module is pFsented
which takes as input the request based in the usém natural

language and returns the service to execute.

Keywords-Convergence; End User Service Composition;
Automated Composition.

. INTRODUCTION

Telco 2.0 can be described as a model that relate
concepts, services and technologies of Web 2.0 witQ

traditional telecommunication services. This coralion is
known as convergent or unified composition. Moshown
approach for services composition is performed rabyat
design time. As available services grow expondmptiahd
are updated on the fly, it has become impossibiéfman

capacity, to analyse all of them and generate nignaa
using new

composition plan [1]. In the other side,
technologies in services composition field (likemsatic

annotations and Al planners) allow visualizing atoanated

composition.

Previous works deal with this problem and presentes
techniques and architectures; some of these apmsac

coming from European projects like SPICE [2], OPURBE

and OMELETTEjError! No se encuentra el origen de la
referencia., do not automate the whole service composition
Besides, these approaches lack of ways for

process.
expressing user request through voice and do roude

user context information in plan generation. Indliger side,
Planning approaches propose customize the Usually, environmental manager is an ecologist or

some Al
planning process extending planning languages HR®L
(Planning domain definition language) like [5]. Rrdrelco

2.0 perspective, this approach makes it very coxde
In this context, the nmaitwo examples:

generate planning domains.
contributions of this paper are (1) service ardchitee for

automated composition in Telco 2.0 considering dssu
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process, (2) a technique to customize the planpnogess
using cost function using the LSP (Logic Scoringference)
method [6].

This paper is organized as follows: Section 2 the
motivating scenario. Section 3 presents the isselaged to
convergent composition. Section 4 describes thegsed
approach. Section 5 presents an evaluation of lgmrning
technique, Section 6 presents the related workSaution 6
draws the conclusion and future work.

Il.  MOTIVATING SCENARIO

To illustrate our proposal, we present a case stady
environmental management system (see Fig. 1). The
Environmental manager is on charge of decision ngpki
about environmental alarms and crops. In ordemtsal the
manager has information from sensor networks; éguaé
can use Telco and Web services to process basicadhat
send information to all the farmers and sensorsisReof
tinctionalities is a very important issue for sodeveloping
ountries where budgets for technologies are lanite
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Figure 1. Telco and Web services interaction in environmental
management systems.

biological expert. Therefore, his knowledge abaderlying

technologies is usually low. Commonly the user egpes

his request in an informal way; we will illustratieis with

e ‘] need calculate hydrological balance of zone one
and receive the resulting map to my mobile”.
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* “If the river flow of zone two is greater than 1586 Automatic code generation: In Telco domain, time
average, emit an alarm to every farmer within aconstraints are mandatory. Heavy XML parsing andpde
radius of 2 miles from the river” treatment of semantic inference can be used onlgevices

representation. Using efficient mechanisms such as

The first request can be entered through voice,aby automated code generation which decrease depl@s tare
mobile device. Next, the system gathers informatafn more suitable for execution environments [10].
sensors of zone one (preconfigured in the systespexified
by coordinates). The system uses hydrological sesvirom Reconfiguration: Reconfiguration is a crucial €acin
Internet, sending sensor data and maps from Gauogles. the convergent scenario as reliability of Web smwiis not
Finally the resulting image is sent by MMS to theeu as high as Telco services [7].
mobile. In the second request, sensor data is a&ealy if
necessary, an emergency map is generated. Thisisnap IV." OUR APPROACH
created drawing a radius of 2 miles from the seriBordo Next, we describe the architecture of our apprdach
so, the system uses GIS (Geographical informatjstemis) automatic convergent composition (see Fig. 2.)s Taper
services and maps from internet. Finally the systeiorms  focuses in the user centred planning module ancroth
about the alarm to farmers inside the emergency; at®  modules of the architecture have been detailedeparsite
best way to send the information is selected: SK8Il  [11],[12]. In our approach, description of the\sees is
Phone call, fixed telephone call, voice messagebdth different depending of the component. At the NLPalymer,
cases, services from Web and Telco are used. Beesiges “Abstract services” descriptions are used base®W -S.
work together and in coordination to save liveshelp to  While, at Plan Adapter Component: services desariptare
make decisions about crops. Besides, take the cservi associated to implementation details and real geos of
composition to the end user level, leads to eagat@faction “Executable services” (e.g. WSDL). Abstract Sersidike
with the system for non-experts users without IT“get”, “inform” and “gather” are internally assotia with

infrastructure or personal required. real implementation of Executable services that are
associated with SOAP or REST implementations. The
IIl. ISSUES FOR SERVICES COMPOSITION relation between Executable Services and Abstranti@s

Services composition in telecommunication netwdeks is created by domain-experts in environmental memmasmt
fundamentally different from Web services compositf7].  through folksonomies [13]. Folksonomies offer ateys of
Next, some of the main issues for convergent coitipps grouping services through a collaboratively methiod
are analysed: creating and managing tags to annotate and categori

individual services. The architecture includessarwgraphic

Usability Creation: Convergent composition requiresinterface where services can be registered. Initisface,
request specification in an easy way. Most of thersiare domain experts can add tags to the services irr aedbe
not familiar with technologies such as service tioma discovered later [14].
environments (SCE) or languages like Business Bsoce

Execution language (BPEL) [8]. In this scenarigplagation Request analyzer S‘_eﬂ_"ici&?jm_pfef_

of natural language processing (NLP) techniques loan e _ - ,\
useful for deriving a formal specification from equest in ﬂ Context |1 m
Analyzer | @==ip

I ! :
natural language [9]. ! ! ;)
68 ) ilEm
Time constraints: In telecommunications domainsyeh \ L _Afa,l_"zir_ - ] : : }
are real-time requirements in protocols and platfre.g., ! '\ 1 |
post-dial delay is typically bounded. In contrashest-effort S e !
response time is typically required from Web SessicFor J Executable plan , !
convergent composition, time is a crucial factgr [7 —— ) Fremmmmnemeeeee T
: Folksonomy I ." = _JSLETE == \‘ :
Services representation;: Commonly end users shmild oo ' | I i
know implementation details of services like UREotocols 7 e JI R '
or billing processes. In this scenario, Users ghonderact | | Reconfigumtion :
with  abstract representation of services without N - P
implementation details [9]. Service Execution
User centred creation: A high-quality composed iserv Figure 2. Telco and Web services interaction in environmental
might be one that fits to personal preferencesidgesusers management systems.

can be connected using different devices with gfie
capabilities. A composed service should includetlaise
preferences [5].

The NLP Analyser extracts names of Abstract sesvice
(e.g., “inform farmers" this service could involgend SMS
or establish a voice call) from user request aadsiates
them in a problem for the planner. At the same tiihe
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gathers information about control flow and contekbr
example, if the request is: “check sensors and rimfo
farmers”. NLP Analyser obtains: (check (SensorsNDA
(inform (farmers)). “Check” and “Inform” are traiaséd to
problems for the planner and “AND” describes a corent
execution that will be considered latter in thenPhdapter
Component.

The context Analyser allows including user context

information in the planner; as information from a®s. To
do so, device reference is checked in the WURFLr¢1&%s

uple R= [{s1,s2...sn}, F] Each sn denotes an Abstract
Service and F represents control flow informatibor its
part, each s is composed of 3-upkekO;C>; where |
denotes the input data the user providesenotes required
information to be provided as a result of the quang C
denotes a functionality (associated with Abstraetviges).
For example:

Q: is a request made by an environmental manager fro
a cell phone. Where:

Universal Resource File) and the CC/PP (Composite P: Cell phone reference and network capabilities.

Capability/Preference Profiles). These repositotiek all
the information about capabilities of devices ie tharket.
And provide an effective way for analysing whichéees
can be provided to users.

With this information, a relation factor betweemvéees
and users is calculated. Next the HTN Planner compo
obtains a plan decomposing tasks (the higher kag&lis an
Abstract Service from NLP Analyser) in finer atontasks
(the lowest level task or operator is an Execut&device).
This plan is sent to the services discovery compbne
relate abstract services with implementation seszidNext,
the plan is sent to plan adapter component, whicludes
the control flow information from the user requestd
translate it into an executable code ready to muMabicents
Communication Platform. Mobicents provides a rohlasta
Service Logic Execution Environment (JSLEE) [15hdfy,
the reconfiguration component monitors servicesaten;
in case of failure, services selection, or re-piagnis

R: “I need calculate hydrological balance of zone and
receive the resulting map to my mobile”.

From R we can expand:

sl “calculate hydrological balance of zone one”
s2 “receive the resulting map to my mobile”

F: AND (sequence of actions)

Analysing sl1: “calculate hydrological balance ofneo
one”

I: Zone one. (An internal variable, geo-coded |laratr
set of coordinates of Zone one)

O: Hydrological balance map,

C: Calculate hydrological balance service.

2) Context analyser: This component extracts the
context information from the user and its accesgicee
Context is any information that characterizes iheation of
an entity that can be person or computational otfEg].

performed. Next, a description of each component i€£ommon types of context include the computing cdnte

presented.

A. Request Analyser Component

(e.g., network connectivity), the user context (epgofile,
location), the physical context (e.g., noise lekelBhese
features are known also as Non-functional propeii-P)

This module receives user request and translate it and the combination of all these profiles constuhe User

machine understandable language, this process eaoie
automatically or include user intervention at eatdp. This

Profile [17]. For our approach we use profile mottem
Sutterer et.al [18]; this model consider user pesfithat

component holds two sub components context and NLBllows deal with any parameter that could be necgss

analyser.

1) NLP Analyser: In this component, User
Requirements are modelled with a qu&yspecified as a

according to the domain. In the present architectthe
user profiles define alternatives for notificatiodslivery
based on user location, computing device and nétwor
bandwidth, as summarized in Table. 1. The coluniterc

couple <R;P>, whereR represents the request part of thejs extracted from the user and define some serddesria
query andP represents the user preferences of the quenhat are assigned to operators.

(device, network, position). In turfR is specified as an n-

TABLE 1. CRITERIAFORSERVICESSCORINGBASED ON USERCONTEXT
criteria Values Service criteria weight
User Network GPRS/ WLAN/ GSM payload size bytes
context Device Cell phone, Laptop payload size bytes
Location QOutdoor, indoor voice , text integer
User Data subscription Yes/No require data subscription Boolean
preferences| Only Free services Yes/No cost value
Voice subscription Yes/No voice, text Boolean
Delivery quality low, medium, high delivery warrgnt integer
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The weight defines the importance for the usernin a
specific situation of moment. For example, in caxfe
emergency delivery warranty is most important tbast.
And for testing of applications only free servicase
required for specific services. All these values imcluded
in the cost function with normalized values of tregight and
define the cost of a plan as explained further.

B. Services Composer

This component receives processed user requesttifrom
previous component and translate it into an exéteitplan

decomposed further and is related with

implementation Services.

directly

An operator can be associated with many implemented
services; the relation between operators and ingriéation
services is optimized using folksonomies. A folksmy can
be described by a tripartite model of tagging aiidis [21],
which consists of tagging entities (i.e., usergstaand
resources)Tagging =<U, T, R> hereU is the set of users
who participate in a tagging activity. In the ptath U is
represented by a group of domain experts who mhise t
tagging.T is the set of available tags; the available tags a
the operator names. R is the set of resources begugd; in

for JSLEE environment. This process is performedhis case, the available services. Using folksorsmi
automatically; however, this module can include ruseimproves the time for services selection, as tleckespace

verification of the generated plan.

1) HTN Planner: Previous works have determined
benefits of use Al planners in services composifib®].
The HTN planner produce a sequence of actions th
perform some activity or task, this sequence ikedad plan.
Planning proceeds by using functions called methimds
decompose tasks recursively into smaller subtasid, the
planner reaches primitive tasks that can be peddrm
directly using the planning operators. For our fearark,

is limited to implementation services that best ahatith

related tags. The planning domains for the platfaem
created at design time based on OWL-S descriptemthat,
a domain is ready at execution time and a HTN ptann

Jyrocess can be executed with good time performance.

Each operator also has a cost (the default vallig iBhe
cost of a plan is the sum of the costs of the dpera
instances. In our approach, we assign a cost basettie
relation between services and user. In this maonst of
plans lets create a ranking of plans; the lowest ptan is

we use the planning engine SHOP2 [20], improvingselected. And in case of execution failure the seqaan in

planning process according to user context throogst
functions.

HTN Planning domain

-

C(Abstractservice ) o
I
1
|
I

Compound Task
Method

- e o m—

/

Implementation services

Figure 3. Relation between HTN Operators and implementationices.

A planning domain describes the context of the itz
process (see Fig. 3.). This domain consists of taofe
methods and operators. A task represents a sawvaetivity
to perform. A task may be either primitive or corapd. A
compound task is one that needs to be decomposed i
smaller tasks using a method. Methods indicate how
decompose a compound task into a partially ordsetf
subtasks, each of which can be compound or prieifihe
highest-level task is extracted from the user rsegaad is
associated with variabl€ from sn as explained in the
previous section. The lowest-level of task is anpiag
operator, i.e. a primitive service (or task) thanmot be
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the ranking can be selected.

The cost of each operator depends on the userxtonte
and preferences. For considering relation betweswices
and user preferences, is needed to analyse thertanpe
(weight) of each criteria for each user. For exampl user
may establish that they simultaneously need lowt eos
MMS messages enabled service. For calculating pleeator
cost, is necessary to calculate a scoring technifae the
present architecture, LSP is selected; LSP is oatuation
method that extends the traditional scoring tealsqto
consider besides of the weight, the relation betwaéeria
[6]. In the present architecture the cost functi@eeives the
user preferences and returns a value that corrdsptm
operator cost for each service. This cost is ireduth the
planning process as was explained before.

2) Service Adapter componentThis component
receives the abstract plan from the previous commpprand
associate services and control flow (extractednguiNILP
analysis) creating a composed set of Java comp®caiéed
SBB (services building blocks). SBB are the core
components of JSLEE environment and allow create

Fomposed services referencing other SBBS. These :38B

precompiled in a repository in order to avoid uressary
compilation processes. The executable plan incladagol
points and reconfiguration information includedtli®e code
necessary by fault handlers for identifying faikrguring
execution.
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C. Services execution component the criteria presented in Table 1. The basic pattdrthe

This component is based on Java Service Logi@Peratorsis:
Execution Environment (JSLEE). JSLEE is an emerging
standard specification targeted to host convergentices. (:operator (!send_sms) () () () (call CalculateC93gt
In JSLEE: Telco and Web services, as compositiothese  (:operator (!generate_map) () () () (call Calcul&test ) )
services can be represented by SBBs. In order pposu
changes in flow and eventual reconfiguration duringEach operator calls theCalculateCost function that
execution, a dependency injection method is usedaioage calculates the related cost between service angtosgo so,
changes on the fly without recompilation. Servicethe function extracts information of the user aed/ige and
reconfiguration, is implicitly related to monitognprocess, apply the scoring technique. The number of plart te
and implies to be aware of services status. Whear@ce nymber of operators was modified in order to arealysie
has an unwanted behaviour, Mobicents environmenfegponse of the prototype. For planning, JSHOPsisdu
activates an alarm. These alarms initialize  theyhich is a Java version of the SHOP2 [22] planEeually
reconfiguration process, which would de_tect.théufal ar_1d the prototype uses MySQL for storing user and sesi
proceed to determine one of three actions: if Weres ¢ ation and JDK. 1.6.0. All the experiments ever
caused by an atomic service, so the system sedecther performed on a machine equipped with a Pentium Coaé

service and goes on. In the other way, if the mnobis ; :
caused by the whole process and it can be chamgadw T4400 2.2 GHz processor, with 4 GB of main memargt a

plan from the generated ranking is selected. Rindlthere running Windows as OS.
is a problem in the middle of the executing procesaew

planning process is initiated, in order to complite task 31

beginning from the actual state of the world, iz.set of
values in the variables that define a system iniweng
moment.

3
—— Operators = 10
25 — Operators =4

The goal of the present architecture is to offebberent
and sound framework for automate the steps in ¢heces
composition. This architecture can be used withr use
intervention at each step in order to verify théomation
process. For example, after the Natural languagdysis,
the user can review the request transformationalyquafter 05 1
the composition process, the user may verify thapmsed
plan. Thus the present architecture aims for dasesdrvice 0
composition process. ?

¢)

Time (se

20 50

10
Number of plans

This architecture is oriented to environmental Figure 4. Time performance of the planning module
management domain. Most of the principles andA
functionalities presented here are appropriatedditferent
domains.

s expected, Fig. 4 shows that the time increasds tive
number of plans generated and depending of theatgper
involved in the planning domain. Convergent sewvice
usually have between 4 and 10 operators to avdictrag
V. EVALUATION OF THE PLANNING APPROACH complexity, and the resulting ranking usually cawvéup to
5 plans. In this context, despite the exponentidt cof
planning module, the figure shows that this one lsamsed
II]or 5 plans with acceptable execution time (0.5).sEature
work include decreasing the time for more operaties last
could be done including some heuristics in the mitan
algorithm.

In terms of functionality, the planning approachem
respond to a planning problem and returns a plamveMer,
to provide a suitable mechanism for automated plal
generation in convergent Telco 2.0 domain. Thislraaism
must include user context information and must st f
enough. Therefore, the prototype implementation used
to carry out some simple experiments designed gb tte VI,
planning performance in a realistic planning scenarhe
objective is to determine if the performance tiresiitable
for Telco environments.

RELATED WORK

Our approach is focused on automation of user egntr

service composition, and we intend to apply oumfravork

to the environmental management. Our approach derssi
all three phases or components for automated servic
composition: request analysis, services compositimal
service execution. Previous works have proposed
frameworks for automated services composition, Kim
et.al [23] and Rao et.al [24]. They both presdmges for

The experiment used a planning domain with vagiabl
number of operators that describe Telco Serviceshén
environmental management domain, the cost funcétaies
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automatic composition, focusing only on Web domainreconfiguration in different phases of the procasd better
without concern on execution. Shia et al. [25] dadSilva et  execution times. Equally we are extending the pesfees
al. [9] present frameworks for automatic compositibhese  criteria in order to get a better personalized grpee for
frameworks exploit natural language processing andhe user.

semantic annotations for services matchmaking based

SPATEL language [25]. They do not address the atitid ACKNOWLEDGMENT

of the non-functional properties and are focuselg on the The authors thank University of Cauca, Universify o

request analysis and plan generation. Our appreghwith  East London and Colciencias for supporting thisaesh.
all the phases including execution and reconfigomabased

on JSLEE environments. Sirin et al. [26], provida a
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