
Enhancing EUCalipTool Service Composition through 
Natural Language Processing1 

Pedro Valderas, Victoria Torres and Vicente Pelechano 

Universitat Politècnia de València 
Pros Research Center 

pvalderas, vtorres, pele@pros.upv.es 

Abstract. Although end-users have available a lot of on-line services to be con-
sumed individually, it is their composed usage what has the potential to create 
new value-added services for end-users. In this sense, many efforts have been 
done to allow end-users to compose the services that they need by themselves. 
However, most of these solutions present two main problems: (1) they provide 
little support to help end-users to browse interminable lists of services, and (2) 
they present the blank piece of paper problem, which appears when end-users 
have to face an empty canvas to define a composition without any help to find 
the services that better fit their needs. In this paper, we present a solution to im-
prove these problems by using natural language processing techniques in order 
to search and select the services end-users need to accomplish a specific goal. 
This solution has been implemented in the context of the EUCalipTool platform. 

Keywords: Service Selection and Composition, Mobile authoring Tool, Natural 
Language Processing. 

1 Introduction 

Nowadays, we live surrounded by a myriad of services that support our life style in 
some way or another: by tracking our activity through the mobile phone, allowing an 
efficient use of our home heating and lighting, allowing us to interact with social net-
works, providing us with the weather forecast or traffic status in real time, and so on. 
Although these services were developed to be used individually, it is their composed 
usage what has the potential to create new value-added services for end-users. In the 
recent years, there have been a lot of research efforts in order to provide solutions that 
upgrade end-users to prosumers (producer+consumer) and involve them in the process 
of service creation, allowing that both service consumers and service providers can 
benefit from a cheaper, faster, and better service provisioning [1]. Some examples of 
these research efforts are [2], [3], [4], or [5], or even our previous work [6] that intro-
duced EUCalipTool, an authoring mobile tool for allowing end-users to compose ser-
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vices. All these works present tool-supported solutions that help end-users in the com-
position of new services. However, they all present two main drawbacks: (1) end-users 
are provided with a large list of available services that need to be browsed, and (2) end-
users are the ones deciding which services must be composed in order to satisfy their 
needs. In the literature we find some works ([10], [11], and [12]) targeted to the selec-
tion and composition of services from user’s natural language requests. Inspired by the 
techniques used in these works, in this paper we present an extension to EUCalipTool 
in order to improve the above introduced problems. In particular, we extend the plat-
form with capabilities of natural language processing in such a way that end-users can 
express what they need in their own words, and EUCalipTool can provide them with a 
preliminary composition of services that better fit these needs. 

The rest of this paper is organized as follows: Section 2 summarizes our previous 
work and explains the above-introduced problems with more detail. Section 3 presents 
a solution based on natural language processing in order to improve the experience of 
end-users when they compose services with EUCalipTool. Section 4 introduces a dis-
cussion about our solution. Finally, Section 5 presents some conclusions and further 
work. 

2 Previous work and problem statement 

In this section, we present an overview of our previous work [6], which focuses on 
allowing end-users without knowledge on programming to create and execute compo-
sitions of services. We defined a tool-supported architecture with three main layers (see 
Fig. 1).  

 
Fig. 1. Architecture to create and execute compositions of services 
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The Service Layer encompasses the services developed by professionals. Services 
are implemented by using the technology each professional considered convenient (e.g. 
SOAP or REST). The Application layer provides end-users with EUCalipTool  ̧which 
is an end-user authoring tool for mobile devices. It is supported by a Domain Specific 
Visual Language (DSVL) designed to help end-users in the definition of service com-
positions. This language provides end-users with concepts close to their background 
and skills. The Component layer hosts the software artefacts that are required to connect 
the above-presented two layers in order to allow end-users the creation and execution 
of service compositions. This layer includes a Service Registry in which developers 
register the services that end-users have available. 

Problem statement. A composition is created by using always the metaphor of 
“adding an element” to a container (see Fig. 2). The composition is the main container 
(Fig. 2 left shows an empty composition) and end-users just need to add activities. Ac-
tivities are high level representations of the services registered into the Service Registry 
(Fig. 2 center). We use the term “activity” instead of service because this term is closer 
to end-users’ mental model [7]. Once end-users have added all the activities they con-
sider necessary to achieve a certain purpose, it is considered finished and ready to be 
executed (see Fig. 2 right).  

 

   

Fig. 2. Some snapshots of EUCalipTool 

However, this solution presents two main problems: 

1. Blank piece of paper problem. With this solution, end-users have to define com-
positions from scratch. They face with an empty canvas where they have to search and 
select the activities they need to accomplish a specific goal. In the context of End-user 
Development, it is highly recommended that end-users can access a library of prede-
fined components in order to select one and use it as starting point [8]. Even though 
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EUCalipTool provides end-users with a catalogue of predefined compositions [6], these 
may (or may not) be related to the composition being defined by the end-user. In this 
case, a better solution would be to provide end-users with predefined compositions/ex-
amples that somehow relate to their needs and/or preferences. 

2. Browsing large set of activities. Activities are provided to end-users without 
considering the purpose of the composition they want to create. Thus, end-users need 
to browse the whole list of activities (see Fig. 2 center) each time they want to add one 
to the composition. This complicates the creation of service compositions since there is 
not any support to help them in the selection of activities. As a result, this may lead to 
end-users not being able to find the activities they need or adding activities that are not 
the most adequate to fit their preferences. In this case, a better solution would be to 
filter the list of activities provided to end-users according to end-users’ needs. 

3 Providing end-users with the services they need 

To improve the experience of end-users when composing services in EUCalipTool 
we propose a solution based on both (1) the application of natural language processing 
techniques and (2) the semantic characterization of services that we have already avail-
able at the Service Registry. In particular, we propose the following: 

1. A semantic characterization of services is done each time a developer registers 
one service into the Service Registry. 

2. A natural language parser is applied to this characterization in order to identify 
semantic keywords. 

3. Before creating a composition, end-users are asked to describe what they need 
in natural language. 

4. The same parser is applied to the descriptions provided by end-users in order to 
identify semantic keywords. 

5. A matching process between the semantic keywords identified from end-user 
descriptions and the services registered in the registry is done. This process 
matches services with end-users’ needs. 

6. Taking into account the results of the matching process, a preliminary composi-
tion is created for end-users. Services are also ordered according to these results. 

As a result, end-users will be able to create compositions from those services that, 
according to their semantic keywords, fit better to their needs. Next, we explain this 
solution in some more detail. 

3.1 Semantic Characterization of Services 

As introduced above, end-users use EUCalipTool to compose the services that are 
previously registered in the Service Registry. When developers register a service, they 
introduce a description of its logics in such a way end-users can understand it. Fig. 3 
shows the description of the service (activity for end-users) Book Seat at Library that 
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end-users access from EUCalipTool. As Fig. 3 shows, activities are semantically char-
acterized by a purpose, a description and a set of semantic tags. We plan to use this 
information to provide end-users with those services that better fit their needs. 

 

 
Fig. 3. Semantic characterization of the service Book Seat at Library 

3.2 Obtaining semantic keywords of services 

Our main goal is to obtain a set of semantic keywords that characterize the service. 
Although developers introduce manually a set of semantic tags that can directly be used 
as keywords, we apply a natural language parser to the service purpose and description 
in order to identify additional ones. In particular, we use the Stanford Parser [9] which 
allows us to analyse sentences identifying the different elements of them (nouns, verbs, 
pronouns, etc.). We use this parser to identify the nouns that appear in the service pur-
pose and description, which will become into semantic keywords. 

The process defined to discover such semantics keywords is the following: 

1. The parser is applied to the service purpose and description provided by the 
developer. 

2. Nouns identified by the parser are selected. 
3. Duplicated nouns and nouns that do not provide any semantic information i.e., 

nouns used to have a more readable description are discarded (e.g., service, 
composition, etc.).  

To illustrate the process let us show the semantic keywords that are identified by 
applying the above introduced three steps to the semantic characterization of the Book 
Seat at Library service. 

Step 1. Apply the parser to the purpose and description registered for the Book Seat at 
Library service:  

Book	(VB)	a	(DT)	seat	(NN)	on	(IN)	one	(CD)	of	(IN)	the	(DT)	UPV	(NNP)’s	(POS)	libraries	
(NNPS).	

Purpose 
Book a seat on one of the UPV’s Libraries 
Description 
Service to book a seat on one of the UPV’s Libraries. To 
do so, you just need to indicate the library in which to 
want to do the reservation 
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Service	(NNP)	to	(TO)	book	(VB)	a	(DT)	seat	(NN)	on	(IN)	one	(CD)	of	(IN)	the	(DT)	UPV	
(NNP)’s	(POS)	libraries	(NNPS).	To	(TO)	do	(VB)	so	(RB),	you	(PRP)	just	(RB)	need	(VBP)	
to	(TO)	indicate	(VB)	the	(DT)	library	(NN)	in	(IN)	which	(WDT)	you	(PRP)	want	(VB)	to	
(TO)	do	(VB)	the	(DT)	reservation	(NN).	

Step 2. Select the nouns that are found by the parser. They are: 
• seat, upv, libraries 
• service, seat, upv, libraries, library, reservation 

Step 3. Finally, we discard all those duplicated nouns and those nouns that are not 
semantically useful. As a result, we obtain the following set of nouns: 

• seat, upv, libraries, library, reservation 

Thus, the semantic keywords associated to the Book Seat at Library service are the 
ones detected above plus the semantic tags that are manually defined by the developer 
(which already are included in the above list). These keywords are stored in the Service 
Registry each time a service is registered by developers.   

3.3 Knowing the composition that end-users need 

In order to know what exactly end-users need, we have opted for a very trivial solu-
tion: asking the own end-users. Thus, we have extended EUCalipTool to provide end-
users with an initial screen (see Fig. 4) that asks them for the composition they want to 
create. The idea is that end-users can describe the composition they need in the easiest 
way for them, this is, using natural language.  

 

 
Fig. 4. Screen of EUCalipTool asking for end-user needs 

3.4 Obtaining Semantic Keywords of End-user Descriptions 

Each time end-users want to create a service composition they must describe what 
they want in natural language. Then, we apply the Stanford Parser to this description in 

I need a composition of services that help me 
to book a seat at a library of the UPV. I also 
want help to decide on taking a bus or go by 
bicycle depending on the weather. And I need 
to publish on Facebook and Twitter the li-
brary in which I am going to be studying. 
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order to identify semantic keywords. The process is similar to the one presented above 
for services. However, keywords are maintained separately for each sentence. They are 
not gathered in only one set. We do so in order to facilitate the creation of a preliminary 
composition in a further step.  

The process is as follows: 

1. The parser is applied to the end-user natural language description. 
2. We select the nouns identified by the parser.  
3. For each sentence, we discard duplicated nouns and those that do not provide 

any semantic information. 

As representative example, let’s show the semantic keywords that are identified by 
applying the above-introduced steps to the end-user description presented in Fig. 4. 

Step 1. Apply the parser to the natural language description provided by the end-
user: 

I	(PRP)	need	(VBP)	a	(DT)	composition	(NN)	of	(IN)	services	(NNS)	that	(WDT)	help	(VBP)	
me	(PRP)	to	(TO)	book	(VB)	a	(DT)	seat	(NN)	at	(IN)	a	(DT)	library	(NN)	of	(IN)	the	(DT)	
UPV	(NNP).		
	

I	(PRP)	also	(RB)	want	(VBP)	help	(NN)	to	(TO)	decide	(VB)	on	(IN)	taking	(VBG)	a	(DT)	
bus	(NN)	or	(CC)	go	(VB)	by	(IN)	bicycle	(NN)	depending	(VBG)	on	(IN)	the	(DT)	weather	
(NN).		
	

And	(CC)	I	(PRP)	need	(VBP)	to	(TO)	publish	(VB)	on	(IN)	Facebook	(NNP)	and	(CC)	Twit-
ter	(NNP)	the	(DT)	library	(NN)	in	(IN)	which	(WDT)	I	(PRP)	am	(VBP)	going	(VBG)	to	
(TO)	be	(VB)	studying	(VBG).	

Step 2. The nouns of each sentence are selected: 
• composition, services, seat, library, upv 
• help, bus, bicycle, weather 
• facebook, twitter, library 

Step 3. Discard, for each sentence, duplicated and non-semantically useful nouns: 
• seat, library, upv 
• bus, bicycle, weather 
• facebook, twitter, library 

3.5 Matching end-user descriptions with services 

Once we have identified the semantic keywords, we use them to match end-user 
descriptions with services. To do so, we compare the keywords associated to each sen-
tence of the end-user description to the keywords associated to each service; next, we 
count how many keywords are shared. As representative example, Fig. 5 shows the 
keywords associated to the end-user description together with the keywords associated 
to some services available in the Service Registry. 
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Fig. 5. Semantic Keywords of the end-user descriptions and services 

If we match the keywords of each sentence with the keywords of each service and 
count the keywords they have in common we obtain the following figures: 

 BSL GFT PT PF WF BBP CM GR 

ST1 3 0 0 0 0 0 0 0 
ST2 0 0 0 0 1 0 0 1 
ST3 1 0 1 1 0 0 0 0 

As we can see, ST1 only matches with one service (BSL), sharing its three keywords 
with it. ST2 matches with two services (WF and GR). Both services share one keyword 
with this sentence. Finally, ST3 matches with three services (BSL, PT and PF). The 
three services share one keyword with this sentence. 

3.6 Creating a Preliminary Composition and Ordering the List of Services 

The main goal of this work is improving the two main problems introduced above: 
the blank piece of paper problem and the problem related with browsing a large set of 
activities. In order to address the first problem, we want to provide end-users with a 
preliminary composition that include some of the services that they may need. To 
achieve this, we are going to create a composition considering the matches between 
sentences and services presented above as follows: 

• Each sentence is considered in the same order as end-users have written them. 
• For each sentence the service that matches with it and shares most keywords 

is included in the composition. 
• If a sentence matches with more than one service and all of them share the 

same number of keywords, they are all included in the composition. 

Thus, considering the above introduced strategy, the preliminary composition that 
EUCalipTool provides end-users with is the one presented in Fig. 6 left. 
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Fig. 6. Preliminary composition and order list of activities according to user needs 

In order to improve the second problem, we want to provide end-users, when they 
add activities to a composition, with a list where activities are ordered according to their 
relevance with end-user needs. To do so, we ordered the list of activities taking into 
account the number of keywords that their associated services share with the whole 
end-user description. Considering the examples presented above, the service Book Seat 
at Library share four keywords with the end-user descriptions (three with the first sen-
tence and one with the third sentence). The rest of services only share one keyword. 
Thus, activities that share most keywords are shown first in the list (see Fig. 6 right). 

Considering the running example, the service composition that the end-user really 
wants to create is the one shown in Fig. 2 right. Obviously, the preliminary service 
composition that we have obtained is not exactly the same. The main difference is that 
the real composition needs the use of logic constructors such as conditions or execu-
tions in parallel, which cannot be derived from the natural language analysis done with 
the Stanford Parser. For instance, the weather forecast service activity should be exe-
cuted to decide on access the route of the bus to go to the university if it is a rainy day, 
or to book a bike parking if it is a sunny day. We have just obtained a sequence of 
activities. However, this sequence contains the 70% of the activities needed to create 
the composition, which is a good starting point to avoid the blank piece of paper prob-
lem. 

4 Conclusions and Further Work  

In this work, we have presented a solution to improve the experience of end-users 
when composing services when using EUCalipTool. In particular, we have faced two 
main problems: (1) the blank piece of paper problem, when end-users have to create a 
composition from scratch; and (2) browsing a large set of services each time they want 
to add one to the composition. The proposed solution is based on the use of a parser 
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that extracts semantic keywords from end-user descriptions and match them with se-
mantic keywords of services. These matches allow us to build a preliminary service 
composition with those services that better fit end-user needs. We also use the result of 
the matching process to order the list of available services in such a way services that 
may be more interesting for end-users appear first. Apart from the necessity of creating 
a more complex natural language analysis to detect constructors such as conditions, we 
are aware that other problems still need to be faced. This includes the usage of syno-
nyms and the differentiation of direct and indirect objects. We need to perform a more 
complex analysis to consider synonyms and also to detect the right keywords that de-
scribe the semantics of the action. 
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