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Abstract — When an application is web-based, its component tasks can be run using web services. In 
particular, for the same task, one can discover several web services capable of executing it, one would 
then face a problem of selection of web services in order to choose the combination of services that offers 
the best quality of service. For this we give a classification of approaches to our problem. 
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I. INTRODUCTION 

According to the Service Oriented Architecture (SOA) paradigm, composite applications are specified as 
abstract processes consisting of a set of tasks. For each task, one can discover several web services that have the 
same functionality but different in their non-functional settings (quality of service parameters). 

The QoS-aware web service composition QoS-based service composition selection aims to find the best 
combination of web services that meet the user's requirements (QoS constraints). This problem is modeled as an 
optimization problem, it is associated with the variant of multidimensional multiple choice backpack problem 
(MMKP: multi-dimension multichoice knapsack problem) [1]. This class of problems belongs to the class of 
combinatorial problems that are identified as NP-difficult problems [2]. The exact solutions of this problem are 
exponentially complex, so we can no longer guarantee real-time requirements. 

We begin by formalizing the problem of selection then we give a classification of the approaches to our 
problematic. 

II. PROBLEM OF THE SELECTION OF WEB SERVICES 

In general, user requests (composed of input concepts and output concepts) are not satisfied by a single web 
service but by a service composition. The services constituting these different compositions are distinguished 
from each other by their non-functional properties, such as the Quality of Service criteria (reputation, reliability, 
execution time, etc.). Quality of Service (QoS) -based selection consists of choosing among the discovered web 
services of each task, those that best meet the requirements of the user (based on non-functional QoS 
requirements). The QoS-aware web service composition-based QoS web service selection depends on the 
specification adopted when defining the QoS criteria and QoS profile of the web service. This problem is an 
instance of combinatorial problems. It is a multidimensional version of the knapsack problem known to be NP-
hard [3]. Therefore, any exact solution to this problem requires exponential execution time, and therefore we 
cannot guarantee the real-time requirements of users. 

III. FORMALIZATION OF THE PROBLEM 

More formally, we model the problem as follows. Let: 

• CA = {S1, ..., Sn}, an abstract composition representing the user's request, ie the n classes of services Si to 
consume. 

• cg = {cg1, .., cgn}, a set of global constraints defined by the user. 

• C = {si1, ..., snj} a concrete composition, ie we replace each class If by a concrete service sij 2 Si 

 q (sij) = {q1, .., qm} vector of the qualities of the service sij. 

• Q (C) = {Q1 (C), .., Qm (C)} vector of the qualities of the service of the composition C. 

• U (C) the objective function (also called fitness) to minimize or maximize. She may be: 

- multi-objective: in this case, U (C) = {U1..Uk} where Uk represents the kth function to optimize. 

- mono-objective: in this case, the m QoS attributes are aggregated into a single value. 

• The selection problem is then: 
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- Global: if we look for all the compositions that will satisfy the constraints global ie Qk _ cgk, 8k 2 
{1..n}. 

       - Local: if we search all the compositions without taking into consideration the global constraints cg to 
optimize, we seek to optimize the QoS parameters in each abstract class independently of the others. If we 
assume that the number of candidates per class is L, then the overall number of possible compositions is Ln. 

IV. STATE OF THE ART 

Several works have been proposed to solve the problem QoS-aware service composition. In the literature, 
several classifications of approaches are found according to whether the function to be optimized is 
monoobjective, multiobjective or hybrid [4], depending on whether the selection strategy used is local or global 
[3] or according to the approach used. In the latter case we distinguish 04 large classes [5, 6]: 

1. The exact methods (non-heuristic). 

2. Heuristic methods (approximate). 

3. Methods based on meta-heuristics (approximate). 

4. Pareto dominance-based approaches. 

In what follows we present in detail the two exact and heuristic approaches by relying on several papers of the 
literature of the problem of selection of composite services [5-7]. 

A. Exact approaches  
Exact methods solve the optimization problem optimally. 

They use the techniques of constraint programming or dynamic programming, integer Linear Programming 
Portion (ILP) or Mixed Integer Programming (MIP). These approaches give optimal results but they have an 
exponential execution time. Zeng et al. [8], [9] focus on dynamic selection based on quality of service. Authors 
use global planning to find the best web service compositions. They use Mixed Integer Programming (MIP) [10] 
techniques to find the optimal mix of services. 

In the same vein, Ardagna et al. [11], [12] extend the linear programming model to include local constraints. 
In this model, global constraints are expressed on the entire composition, and by the end user, while local 
constraints can be specified by the composition designer (at the class level). Alrifai et al. [13] proposed a two-step 
solution: 

First, they use full and mixed programming (MIP) to find the optimal decomposition of global QoS 
constraints into local constraints. Second, they use a distributed local selection to find the best web services that 
satisfy these local constraints 

. In [14], the authors proposed a model that treats selection as a constraint optimization problem (Constraint 
Optimization Problem). They relaxed the problem by a weighting of constraints, the goal is to find a solution 
maximizing a function of weighted constraints. 

The main idea in their proposal is that instead of having all the constraints to satisfy, some constraints are 
flexible and optional. Gao et al. [15] propose the entire programming taking into account the conflict between 
services (which belong to different classes). Conflicts mean that the use of class X service i is not compatible with 
class Y service j. 

Experimentation shows that the addition of conflicts causes a 13% increase in the execution time of the MIP-
based approach. Xu et al. [16] propose a method for selecting QoS-based web services by considering a variation 
of QoS values as a function of the time interval (the fluctuations are given by the service providers). For this the 
user introduces the weights and the range of interest that can encompass multiple intervals with different QoS 
values, but they do not handle global constraints. For this, they use dynamic programming that cuts the 
composition in a series of pairs of services (02 consecutive classes), the algorithm looks for the concrete pair that 
minimizes the objective function. [16] Propose a method for finding the solution for a service composition by 
using a dependency graph and 0-1 LIP. Liu et al. [17] propose a convexhull method and apply the multi criteria 
decision making method (MCDM) to merge multiple resources for global and local constraints. 

The author in [18] confirms that the methods based on the entire programming are effective if the service 
number L is small, on the other hand if L exceeds a certain limit then the execution time is no longer reasonable 
and therefore these methods do not scale. 
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B. Heuristic approaches (approximate) 
Heuristic approaches use rules and empirical functions adapted to specific optimization problems. They try to 

find a good solution of the problem in an acceptable time. The solution obtained is not the optimal solution but an 
approximate solution [19]. The heuristic algorithms take advantage of the peculiarities of the problem, unlike 
exact algorithms that take a long time to obtain the optimal solution; the heuristic algorithms obtain almost 
optimal solutions in a reasonable time [5]. 

Several works are inspired by heuristic algorithms. [20] proposes one of the first algorithms for solving the 
backpack problem (and its MMKP-multi-dimensional multiple choice knapsack problem- version). The author 
proposes a heuristic named UHE for its resolution; UHE uses a measure called the consumption of aggregated 
resources, to update an element of each group at each round of selection. The authors in [21] modified the 
heuristic by creating M-UHE, they propose a pretreatment step to find a feasible solution and a postprocessing 
step to improve the total value of the solution, for that they make improvements (upgrades) by updating an 
element that increases the total utility, then they degrade the solution with one or more hits (downgrades), ie they 
select an element that decreases the value of the total utility. [22] propose another heuristic, CUHE, and evaluate 
its performance and optimality against several heuristics, including the M-UHE algorithm. The results show that 
C-UHE is better compared to M-UHE in terms of execution time. 

However, the experiments also show that M-UHE is the best in terms of optimality, while the optimality of C-
HEU decreases as the number of candidates per class increases. The experiments also show that the C-UHE 
algorithm works better in the case where the objective to be maximized (for example, the utility value of the 
service composition) is not proportional to the resource requirements (ie, the QoS values of web services). And 
therefore it cannot be applied for the selection of quality-based composite services (since the utility depends on 
the quality of service). 

A modified version of the M-UHE algorithm, called WS-UHE, is designed by [23]. The authors propose two 
models for the service selection problem: 

(1) a combinatorial model and (2) a graph model. A heuristic algorithm is introduced for each model: the WS-
HEU algorithm for the combinatorial model and the MCSP-K for the graph-oriented model. The time complexity 
of WSUHE is polynomial, while the complexity of MCSP-K is exponential. In spite of the significant 
improvement of these algorithms compared to exact solutions, the two algorithms do not pass to the scale 
anymore (ie if the number of Web services grows in a dramatic way then the execution time is no more real time 
). Moreover, the WS-UHE algorithm is not adapted to the distributed nature of web services. This is because WS-
HEU applies enhancements to a service composition whose QoS values come from multiple facilitators (Each 
facilitator maintains a given class). 

Klein et al. [24] use the hill climbing algorithm to reduce computation time complexity and compare their 
method with that using LIP. Qi et al. [25] presented a local optimization and enumeration method to find local 
candidates and then combine them to find the optimal solution. Diana et al. [26] proposed a heuristic search 
model for QoS-based service composition selection. 

Li et al. [27] discussed an efficient and reliable approach for selecting the optimal composition of services 
based on confidence parameters. 

The authors in [28] propose a global selection of service composition by adopting 4 control flowstructures: 
parallelism, sequence, conditional choices, and loops, the request is formalized in BPEL, it has 5 QoS criteria. 
The algorithm is called qssac, it can give a result close to optimal. To reduce execution time, they group similar 
services in terms of QoS using an algorithm called optics (which is less sensitive to noise and has few 
initialization problems, optics is based on density) , we get M classes (and their representatives) for each task, 
then the algorithm lists all possible compositions for 2 or K tasks of the BPEL document, and sorts them using an 
objective function. Other heuristics have been proposed by [29]: H1 RELAX IP, H2 SWAP, and H3 ANNEAL to 
find the optimal solution and improve the efficiency in the problem of selection of web services. Luo et al. [30] 
proposed a Heuristic HCE algorithm for the composition of web services taking into account the global 
constraints of the user. 

In [31] the authors consider the QoS as non-deterministic data, to select the quasi-optimal compositions the 
approach adopts the probability of satisfying the global constraints as objective function to maximize, the authors 
divide the global constraints into local constraints avoiding outlier values. The division uses the minimal QoS of 
each abstract class during the computation of local constraints. 

Several other works have proposed several heuristic algorithms [32], [33], [34] and [35] to reduce the 
complexity of time related to global and local constraints in the selection of optimal composition 
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CONCLUSION 

In this work, we presented the problem of selecting services based on QoS. We also highlighted, a state of art 
illustrating research work on this issue. Specifically, we presented the works that belong to both classes, namely 
the exact methods and methods heuristics. 

 In general, we can conclude that metaheuristics are better adapted to this problem than others, since the exact 
methods no longer pass to scale. More, heuristic approaches are not generalizable for all kinds of objective 
functions. On the other hand, Pareto-based optimization is no longer effective when the number of QoS criteria 
is large. 

Therefore the best class of algorithms that manages all these compromises (given number of QoS attributes, 
polynomial complexity, quasi-optimality of solutions, adaptability) will be the class of metaheuristics 
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