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Abstract. Ubiquitous computing refers to building a global computing envi-
ronment where seamless and invisible access to computing resources is pro-
vided to users. The successful application of pervasive services relies on its 
ability to provide efficient and cost-effective QoS (Quality of Service) support. 
This paper introduces a service selection approach based on QoS and user pre-
ferences. Simulations have been conducted and preliminary results are reported 
to show the usefulness and the importance of using QoS and user preferences in 
service selection process. 
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1 Introduction 

Ubiquitous computing has revolutionized the way humans interact with the world 
around them. The widespread use of wearable devices and the seamless connectivity 
between them have transcended the traditional computing era to the pervasive compu-
ting era. The later enables new opportunities for a user to perform his/her operations 
everywhere and anytime [16,17,5]. Each user has different expectations for a particu-
lar service, which requires a context-aware and user-centric selection process. How-
ever, the process has to overcome challenges exposed by uncertainty and fuzziness of 
context information. These challenges make it difficult to select a service that provide 
the appropriate QoS and meet user preferences. Current approaches for service selec-
tion are typically based on exact matches between offered and requested service ca-
pabilities. These approaches are inefficient when the context is fuzzy or uncertain 
[3,4].  

In ubiquitous and pervasive environments, a service usually possesses a set of QoS 
parameters, though many of them are of dynamic nature, i.e., related to the service 
execution environment, a service can still advertise its assumed QoS [6,7]. QoS poli-
cies are rules related to QoS parameters, such as bandwidth and response time. QoS 
policy of services includes both functional and non-functional properties. Functional 
properties can be measured in terms of throughput, latency, response time, whereas 



 An Approach for Context-Aware Service Selection Using QoS and User Preferences 111 

 

non-functional properties contain non quantifiable metrics, such as integrity, reliabili-
ty, availability, and security [1]. Therefore, QoS parameters should be taken into ac-
count by the service selection process. Furthermore, user preferences are underlying 
criteria that are required to make the service adaptable and useful. 

The contribution of this paper is twofold: First, we focus on non-functional and 
QoS aspects in service description to select a set of services according to their appro-
priateness to quality attributes of user context.  Second, we define a policy-based 
adaptation scheme as the automatic selection of the best policy for delivering the ser-
vice to user. The remainder of this paper is organized as follows. Section 2 presents 
briefly related work. Section 3 introduces the selection process and describes the  
policy-based and QoS-aware adaptation scheme. Section 4 presents the preliminary 
simulation results. Conclusions and future work are given in Section 5.  

2 Related Work 

Service descriptions are used to advertise the service capabilities, interface, behavior, 
and quality. Publication of such information about available services provides the 
necessary means for discovery and selection of services [17]. In particular, the QoS 
description [2] provides functional and non-functional service quality attributes, such 
as service metering and cost, performance metrics (e.g., response time), security 
attributes, integrity, reliability, scalability, and availability. Moreover, quality of ser-
vice plays an important role in automatic service selection. It is mainly used to estab-
lish valid and reliable service and identify the best offers from a set of functionally 
similar ones. 

Recent studies emphasized that selection process can be viewed as graph matching 
problem. More precisely, with the development of service-oriented computing envi-
ronments, QoS-aware service selection has been a more and more important research 
issue. In service selection, QoS evaluation in matching process are always aggregated 
for computing the QoS of matches, which has been reported in many previous studies. 
The work [14] and [15] emphasized the definition of QoS aspects and metrics. In 
[12], a model for web service discovery with QoS constraints, called WSDM-Q, is 
proposed. A set of QoS categorization tModel and a kind of reputation categorization 
tModel are defined in the model to describe the QoS attributes of a service and the 
degree of guaranteed QoS delivered by a service respectively. The concept of quanti-
fication is introduced in the model to transform between the QoS attributes and QoS 
categorizations. In [13], a QoS-Guaranteed and distributed mechanism of Web service 
discovery is proposed. It supports Web service discovery with QoS constraints and 
enhances the QoS of service discovery system.  

However, the above approaches have several limitations. For example, there are 
situations that some QoS attributes cannot be matched exactly with user query due to 
the fuzziness of context. In other words, it is difficult to get from user query the same 
expressions as in service description, e.g., a user wants a hotel that is five min far 
away from the city center, while in service description we acquire the hotel is 15 km 
from city center, or a user requests maximum reliability, whereas in the description 



112 M. Madkour et al. 

 

the reliability is set to be 75%. Furthermore, QoS values always vary based on differ-
ent contexts for different types of service invocation. When multiple preferences exist 
over the QoS attributes of services, it is always difficult to maximize all the QoS 
attributes because there might always be anti-correlated relations between them. 

3 Selection and Adaptation Process 

3.1 Service Selection 

A process model can be represented as a workflow graph, where the vertices represent 
“activities” and the edges represent the precedencies between “activities”. Fig. 1-a 
and Fig.1-b show an example of workflows for user’s query and service respectively. 
They are represented as graphs annotated with semantic QoS attributes, similar to the 
approach proposed in [8]. 
 

 

Fig. 1. a) Request workflow graph, b) Service workflow graph 

In order to select the best suitable service for a given query two similarity functions 
are used, structural similarity and semantic similarity. For computing structural simi-
larity, we consider that a process is represented by a graph G=(N,E), where N is the 
nodes and E is the edges. Given two graphs, a similarity score can be obtained by 
computing their graph-edit distance as described in [9]. The graph-edit distance be-
tween two graphs is the minimal number of graph-edit operations that is required to 
get from one graph to another. This operation can be seen as a mapping process be-
tween two graphs. For example, let us consider G1=(N1,E1) and G2=(N2,E2) are two 
workflow graphs of process models. The mapping between G1 and G2 is defined as the 
partial injective mapping M:(N1→N2)U(E1→E2) that maps nodes and edges. Indeed, 
to go from G1 to G2, three operations are possible: i) inserting nodes or edges, ii) de-
leting nodes or edges, and iii) substituting nodes or edges (the alteration of the label 
of node or edge).We assume that ID (Inserted or Deleted) is the set of all inserted and 
deleted nodes or edges and SB (SuBstituted) is the set of all substituted nodes or 

(a) (b)
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edges. The mapping distance is defined as D=|ID|+|SB|+∑ 1 െ ,ሺ݊݉ݕܵ݊ݕܵ ݉ሻ௡,௠אெ , 
where SynSym is the syntactic similarity [22]. The graph-edit distance similarity, 
denoted by Str-Sim, is then computed as one minus the average of the following val-
ues: the fraction of cardinal of inserted or deleted nodes, the fraction of cardinal of 
inserted or deleted edges, and the average distance of substituted nodes [22]: 

 

Str-Sim=1-ቄ |ூ஽||ேభ|ା|ேమ| , |ௌ஻||ாభ|ା|ாమ| , ଶ.∑ ଵିௌ௬௡ௌ௬௠ሺ௡,௠ሻ೙,೘אಾ|ேభ|ା|ேమ|ି|ூ஽| ቅതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതത
 

 

Instead of using a plain average of the three components, we can use a weighted 
average. It’s worth noting that each service query process supports a set of QoS re-
quirements according to the current context, such as throughput, reliability, response 
time, and cost. These QoS attributes are always attached to its semantic values. Usual-
ly the majority of QoS attributes of a given context are not exactly value-fixed in 
service request. Therefore, for evaluating the QoS attributes of a given context in a 
query process, we consider the membership functions that represent the predicates 
interpreting the quality attributes. For example, as illustrated in Fig. 1, where each 
pair (ri; aj) is linked with a membership function, ri is a request attribute of node ݅ and 
aj is its corresponding annotation in applicant service a. An example is provided in 
Table 1. The work presented in this paper considers that a mapping algorithm is al-
ready given, such as the one presented in [10] in order to map two process models.  

Table 1. QoS semantic similarity elements 

 
 
After mapping the two graphs, a list of nodes that match each other is obtained. 

Then, the semantic similarity can be computed from atomic pairs (ri; aj). To do so, we 
consider the membership function of each semantic QoS expression in order to com-
pute the truth degree of each expression ri as shown in Table 2.  

Table 2. QoS semantic similarity computing between matched pairs 

 
 
We aggregate the semantic similarity values by using the linguistic quantifier “almost 

all”[11]. More precisely, the natural interpretation of the similarities between a request r 
and an applicant a process model is “Almost all semantic preferences of r are satisfied by 
a”. For example, using values provided in Fig. 1, the overall semantic QoS similarity can 
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be computed as follows:  QSem െ Evalሺݎ௠ర, ܽ௠రሻ ൌ ૚ ൒ QSem െ Evalሺݎ௠ఱ, ܽ௠ఱሻ ൌ૙, ૢ ൒  QSem െ  Evalሺݎ௠య, ܽ௠యሻ   ൌ  ૙, ૡ૞ ൒  QSem െ Evalሺݎ௠భ, ܽ௠భሻ  ൌ   ૙, ૟૞ ൒QSem െ Evalሺݎ௠మ, ܽ௠మሻ ൌ ૙. Therefore, the overall similarity degree can be obtained by 
computing the following expression ܠ܉࢓ሺminሺ૚, µQ ቀଵହቁ , minሺ૙, ૢ, µQ ቀଶହቁ , minሺ૙, ૡ૞, µQ ቀଷହቁ , minሺ૙, ૟૞, µQ ቀସହቁ , minሺ૙, ૞, µQ ቀହହቁ . The value obtained is 0.65, which means that 65% of 

nodes are semantically similar. This is expected since there are three nodes among five 
that have a similarity degree greater than 0.65. 

It should be noted that using these functions, several services could match the user 
request. In order to select the best suitable one, two ranking methods could be used. In 
the first method, the average value of both structural and semantic degrees (either with 
weighing them or without) is used. Thus the resulting degree handles both criteria, and 
the ranking is based on this overall degree. In the second method, the success rate for 
the structural degree is considered. If it reaches some degree, which is an acceptable 
matching, then we rank-order by only the semantic degree satisfaction, otherwise, the 
matching is not reachable and thus the process model is ignored. This service selection 
mechanism addresses the quality attributes in service description to enable the fully-
automatic selection of services. It supports semantic QoS service description and mat-
chmaking, works system-wide, and could yield to a good retrieval rate. 

3.2 Policy-Based Adaptation  

The adaptation approach taking into consideration service policies is described as 
follows. The first M services are first taken from the output of the context-aware ser-
vice selection process described in Section 3.1. The number M depends on user prefe-
rences and service features to let for more flexibility in service selection and adapta-
tion schemes. Indeed, the policies of the M selected services are considered in the 
adaptation process. This process is a fuzzy-based adaptation using fitness functions. 
More precisely, let us considerܵ ൌ ሼ ଵܵ, ܵଶ, , … , ܵெሽ a set of selected services, where ௜ܵ , ሺ1 ൑ ݅ ൑  ሻ represents the i-th service, and M is the number of services. In theܯ
rest of this section, some definitions and terminologies are first given and adapted 
from the work presented in [18]. 

 Policy: represents a mode used to deliver a service with a certain resource re-
quirement and a quality-of-service condition. Let’s consider ௜ܲ ൌ ൛݌௜ଵ, ,௜ଶ݌ … , ,௜௠೔ൟ݌ א ݅ ሾ1, -ሿ a set of policies, which can be adopted for deliܯ
vering the i െ th service, where ݉௜ is the number of the policies of service ௜ܵ. 

 Preference Context: Let’s consider ܥ ൌ ሼܿଵ, ܿଶ, … , ܿ௡ሻ a set of context attributes 
used to build preferences in order to monitor all services ௜ܵ, where ܿ௜ represents 
the  i-th context information and n is the number of monitored contexts.  

 Preference Situation: A preference situation (PS) is a combination of prefe-
rences. Let’s consider ܸܮ ൌ ሼݒܮଵ, ,ଶݒܮ … ,  ௞ሻ a set of linguistic values. Theݒܮ
preference situation at time t, denoted by ܲܵሺݐሻ, can be represented by a set of 3-
element tuples: ሺ࢚ሻࡿࡼ ൌ ሼ൫ࢇࢉ, ,࢈࢜ࡸ ݀݁ݎ݂݁݁ݎ݌൫࢈࢜ࡸࢇࢉࣆ െ ,ࢇࢉሺ݁ݑ݈ܽݒ ሻ൯ൟݐ , where ൫݀݁ݎ݂݁݁ݎ݌ െ ,ࢇࢉሺ݁ݑ݈ܽݒ ሻ൯ represents the suitable value of contextݐ ac at time t; 

and ࢈࢜ࡸࢇࢉࣆሺݔሻ is the predefined membership function of ܿ௔ ݅ݒܮ ݏ௕”. 
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It is worth noting that each policy ݌௜௝of  ௜ܵ א ܵis associated with a most suitable 

preference situation (PS).Therefore, the Standard Reference of p୧୨ can be computed as 

follows: ܴܵ൫p୧୨൯ ൌ ሼሺࢇࢉ, ,࢈࢜ࡸ ݐݏ݋ܯ൫࢈࢜ࡸࢇࢉࣆ െ ݀݁ݐ݅ݑܵ െ ,ࢇࢉሺ݁ݑ݈ܽݒ ሻ൯ݐ ሺܦܴܵ . ௜ܲሻ  is 
the Standard Reference Depository, which represents the aggregation ሼܴܵሺp୧ଵሻ, ܴܵሺp୧ଶሻ, . . . ܴܵ൫p୧௠೔൯ሽ. Therefore, the fuzzy adaptation process can be de-
fined as a mapping process from the set of preferences situation PS  to a set of all 
candidates’ policies ௖ܲ௔௡ௗ௜ௗ௔௧௘௦ . It aims to find the most suitable policies from ௖ܲ௔௡ௗ௜ௗ௔௧௘௦ by making the tradeoff between QoS and user preferences. So, the adapta-
tion process computes the appropriate fitness function of all elements in ௖ܲ௔௡ௗ௜ௗ௔௧௘௦  
in order to select the most suitable policy. We propose to use reciprocals of Manhat-
tan [20], Minkowsky [19] and Chebychev [21] distances as fitness functions: 

ܨܨ െ ࢐൯࢏࢖൫݊ܽݐݐ݄ܽ݊ܽܯ  ൌ 1∑ ߤ| ቀݐݏ݋ܯ െ ݀݁ݐ݅ݑݏ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ െ ߤ ቀ݀݁ݎ݂݁݁ݎ݌ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ ሻ݇ൌ1݆݅݌ሺܴܵሺ݂݋݁ݖ݅ݏ|  

FF െ Minkowsky ൫࢐࢏࢖൯ ൌ 1∑ |ሺߤ ቀݐݏ݋ܯ െ ݀݁ݐ݅ݑݏ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ െ ߤ ቀ݀݁ݎ݂݁݁ݎ݌ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ ሻ1݇݌| ሻ݇ൌ1݆݅݌ሺܴܵሺ݂݋݁ݖ݅ݏ൘݇ݎ  

FF െ Chebychev൫࢐࢏࢖൯ ൌ ߤ|ሻሺ݆݅݌ሺܴܵሺ݂݋݁ݖ݅ݏൌ1݇ݔ1݉ܽ ቀݐݏ݋ܯ െ ݀݁ݐ݅ݑݏ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ െ ߤ ቀ݀݁ݎ݂݁݁ݎ݌ െ ,࢑ࢉሺ݁ݑ݈ܽݒ ሻቁݐ |ሻ 

Where ݂݋݁ݖ݅ݏሺܴܵሺ݌௜௝ሻ represents the number of tuples in ܴܵሺ݌௜௝ሻ, ߤሺݔሻis the mem-
bership function predefined for i-th vector, and we consider two set of integers 
p=ሼ݌௞, ,௞ݎሽ and rሼݎ݁݃݁ݐ݊݅ ݏ݅ ݇ -ሽ. It is worth noting that in Minowkyݎ݁݃݁ݐ݊݅ ݏ݅ ݇
based fitness function we independently configure the two set of powers p and r to 
find the balance between the large number of different elements and the importance of 
the difference between two terms. 

The concept of fitness function is inspired by the membership function in classical 
fuzzy logic theory. But the two are different, i.e., the value of fitness degree is a positive 
number but not limited into [0,1], and the sum of fitness degree for all the policies of a 
service is not equal to 1. The value of fitness degree only indicates to which degree a 
policy is suitable for the current environment.  In the above three functions, the divisors 
are for the calculation of the distance between PS and ܴܵሺ݌௜௝ሻ. After obtaining the crisp 
distance, we compute its inverse to get the fitness degree. For instance, if the distance 
between PS and ܴܵሺ݌௜௝ሻ is 0, which means that current Preference Situation and ܴܵ൫݌௜௝൯ have a perfect match, then the fitness degree is infinite. In general, the fitness 
degree decreases with the increase of the distance and vice versa. 

4 Simulation Results 

In order to evaluate the selection and adaptation process, we have used the following 
scenario. Let us consider that Otman is situated in a University campus and uses a PDA 
devise, which is equipped by a context-aware Campus Assistant application. Otman can 
then exchange emails and messages with his colleagues inside the campus. Let’s assume 
that the application runs chat and email services. Otman uses the PDA to send and  
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receive emails through the university’s email server, and to chat with colleagues as well. 
The services provided by the Campus Assistant application have alternative policies 
according to real-time context. For example, in order to distribute messages among 
chatting participants, Campus Assistant service helps in making a suitable choice among 
three policies: textChat to deliver text messages; voiceChat to exchange voice messages; 
and videoChat to exchange video messages. The email service operates in a similar 
fashion. Students can check their emails using one of the following five policies: head-
Mail: which delivers only the mail header and a notice signifying that the transmitting 
operation is not over and will continue when an elevated network bandwidth and other 
circumstances are available; fullMail: which conveys mail in full-text; encryptedMail: 
which sends encrypted email; bigMail: which conveys email in full-text and  
attachments; and encryptedBigMail, which conveys encrypted big-emails.  

We assume that the output of the selection process and their corresponding policies 
are: S = {chat, email}; ଵܲ ={textChat( ଵଵ݌ ), voiceChat( ଵଶ݌ ), videoChat( ଵଷ݌ )}; ଶܲ 
={headMail ሺ݌ଶଵሻ ,fullMail ሺ݌ଶଶሻ ,encryptedMail ሺ݌ଶଷሻ ,bigMail ሺ݌ଶସሻ , 
Mail ሺ݌ଶହሻ}. We consider the following context types over which the users have prefe-
rences:  

C={Network_bandwidthሺܿଵሻ,Processor_clockRateሺܿଶሻ,Response_delayሺܿଷሻ,Memo
ry_freeSpaceሺܿସሻ}; and we concider the linguistic terms: LV = {high, low}. 

So, PS(current-time)={ ሺܓܚܗܟܜ܍ۼ െ ,܍ܜ܉܀ܠ܉ܕ high, µNୣ୲୵୭୰୩ି୫ୟ୶Rୟ୲ୣ,୦୧୥୦ሺ݀݁ݎ݂݁݁ݎ݌ െ ݇ݎ݋ݓݐሺ݊݁݁ݑ݈ܽݒ െ ,݁ݐܴܽݔܽ݉ ࢁࡼ࡯ሻሻሻ, ሺݐ െ ,ࢋ࢚ࢇࡾ࢑ࢉ࢕࢒࡯ ݄݄݅݃, ݀݁ݎ݂݁݁ݎ݌஼௉௎ି஼௟௢௖௞ோ௔௧௘,௛௜௚௛ሺߤ െ ܷܲܥሺ݁ݑ݈ܽݒ െ ,݁ݐܴܽ݇ܿ݋݈ܥ ࢑࢘࢕࢚࢝ࢋࡺሻሻሻ, ሺݐ െ ,࢟ࢇ࢒ࢋࡰ ,ݓ݋݈ ݀݁ݎ݂݁݁ݎ݌ே௘௧௪௢௥௞ି஽௘௟௔௬,௅௢௪ሺߤ െ ݇ݎ݋ݓݐሺܰ݁݁ݑ݈ܽݒ െ ,ݕ݈ܽ݁ܦ ࡹ࡭ࡾሻሻ, ሺݐ െ ,ࢋࢉࢇ࢖ࡿࢋࢋ࢘ࢌ ݄݄݅݃, ݀݁ݎ݂݁݁ݎ݌ோ஺ெି௙௥௘௘ௌ௣௔௖௘,ு௜௚௛ሺߤ െ ሺRAM݁ݑ݈ܽݒ െ freeSpace, tሻሻሻሽ           
The membership function of the used linguistic terms is represented in Fig. 2. We 

have also other preferences such as User Privacy Intervention (UPI), if a user want to 
protect its privacy then  ଵܲᇱ ൌ ሼ݌ଵଵ, ଵଶሽ and ଶܲᇱ݌ ൌ ሼ݌ଶଵ, ,ଶଷ݌ ଶହሽ݌ , else ଵܲᇱ ൌ ଵܲ and ଶܲᇱ ൌଶܲ, and energy saving, if the energy level of the battery is less than 5%, then ଵܲᇱ ൌଵܲ ܽ݊݀ ଶܲᇱ ൌ ሼ݌ଶଵሽ. The suitable context values for all policies of ଵܲ and ଶܲ , considered 
in the evaluations, are shown in Table 3. 

Table 3. Most suitable context values for policies 

 



 An Approach for Context-Aware Service Selection Using QoS and User Preferences 117 

 

 

 

Fig. 2. Predefined membership functions 

 

Fig. 3. Current QoS information 

After computing the preference situation, the service adaptation process can be per-
formed. The following steps are then used to compute SRD using the values shown in 
Fig. 3: 

 Use the fuzzy sets to interpret current preference situation: PS(current) = {(Net-
work_maxRate, high, 0.20), (Processor_clockRate, high, 0.23), (Nework_delay, 
low, 0.25), (Memory_freeSpace, high, 0.58)}.  

 Use privacy preferences and battery energy to filter ଵܲ and ଶܲ , and get ଵܲᇱ ൌ ଵܲ 
and ଶܲᇱ ൌ ଶܲ 

 Use the membership functions depicted in Fig. 2 to calculate SRD( ଵܲᇱሻ  and 
SRD( ଶܲᇱሻ. Results obtained are shown in Table 4. 

 We simulate the three fitness functions. For the Minkowsky fitness function, we 
consider that all r values are equals to 1 and p takes 2 for chat service, for email 
service we consider p=2 in case of Network_maxRate andProcessor_clockRate 
and p=3 relative to Nework_delay and Memory_freeSpace. As so we consider 
that Network_maxRate and Processor_clockRate are more significant than Re-
sponse_delay and Memory_freeSpace in making the decision for service adapta-
tion. Results are depicted in Fig. 4. They show that the policy VideoChat is the 
most suitable adaptation strategy. 
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Several results have been also obtained using Minkowsky fitness function by con-
sidering different values of p and r. From those results, we realize that properly assign-
ing values to these parameters will make Minkowsky distance-based fitness function 
much better to response to the current context. A systematic solution for automatically 
choosing the right values of elements of p and r is required; however it will lead to an 
optimization problem. Furthermore, selecting the best suitable fitness function could 
provide better adaptation policies to the actual context and user preferences.   

Table 4. SRD(ࡼ૚ᇱ ሻ and SRD(ࡼ૛′ ሻ 

 
 

 

Fig. 4. Fitness degrees for service policies 

5 Conclusions and Future Work 

In this paper, we use QoS parameters and policies in both service selection and adap-
tation. The selection process allows getting the best-fitting services while the second 
is used for customizing the selected service to the actual context. The model 
represents QoS requirements and user preferences with fuzzy sets to allow mimicking 
the human manner in expressing desires and performing the aggregations. Ongoing 
work tackles the adaption issues in which parameters and the required fitness function 
could be automatically selected according to the context and user preferences. 
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