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Abstract: The purpose of this paper is to put focus on the current trends in the area of skyline 
computation which is a  computational trend related to database research community and also 

to highlight the further research directions in the same. In recent years, the skyline queries or 
skyline computations have been used in many advanced applications such as location based 
queries originated from the mobile phones. Although the concept of skyline computation 
originated from centralized database environment, as the application needs grew, the concept 

has been applied successfully to modern computational environments like distributed networks, 
real time systems, mobile ad hoc networks etc. This paper aims at unfolding the various recent 

methodologies used till now, for the skyline computation and then highlights the future research 
directions in this area. 

Keywords: skyline computation, skyline queries, modern computational environments 

1  Introduction 

In computational geometry community, a problem known as „the maximum vector 
problem‟ pre-exists prior to the introduction of skyline queries into database research. 
In recent years, skyline query processing or skyline computation has become an 

important issue in database research. The popularity of the skyline operator mainly 
arises due to its applicability in decision making applications. For example, suppose a 
person is going on holiday to Goa and she is looking for a hotel that is both cheap and 
close to the beach. Unfortunately, these two goals are complementary as the hotels 
nearer to the beach tend to be more expensive. However the person is interested in all 
such hotels that are not worse than any other hotel in both the dimensions. This set of 

interesting hotels is the “Skyline”. From the skyline, one can make the final decision, 
thereby weighing personal preferences for price and distance to the beach. So the 
skyline computation is known as the maximum vector problem. This means for every 
point „p‟ in the skyline there exists a monotone scoring function such that „p‟ 
maximizes the scoring function. 
 For better understanding, consider the following example, explained with 

respect to figure 1 shown below. In this example, a person driving a car is trying to 
locate a hotel in Goa, which is both closest from the beach and cheapest in the price. 
The records show that hotels h1 and h4 dominate hotels  h2 and h3 on price and 
distance  dimensions respectively. Thus the skyline computation uses the notion of 
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“dominance”, where a point is said to dominate other point, if it is if it is as good or 
better in all dimensions and better in at least one dimension. 
The skyline queries may involve more than two dimensions. For example, a person 
may want additional criteria in the hotel search such as good service, good quality of 

food and good rating.  The parameters like database dimensionality, pre-processing of 
the dataset, geographic vicinity of database, number of querying criteria used etc. 
have deep impacts on the performance of the computed skyline results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  The Concept of “Dominance” and “Skyline query”  

The rest of this paper is organized as follows. Section 2 gives in brief the background 
and related work done in this area. Section 3 discusses on the future research 
directions in this area for each of the computational environment and section 4  
concludes the paper. 

2   Background and Related Work 

Skyline computation has been studied in various computational environments like 
centralized, distributed, real time. It has wide rage of applications in the area of 
mobile ad hoc networks and web. This section highlights the related work, for each of 

these computational environments. 

2.1  Skyline Computation In Centralized Environment 

The concept of skyline queries was put forward for the first time using the notion of 
the skyline operator [1] by Borzsonyi in 2001. He proposed algorithms such as Block 
Nested Loop (BNL) and Divide-and-Conquer (D&C). Then the concept of pre 
processing of the dataset like sorting and indexing aroused. A Sort-Filter-Skyline 
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(SFS) [2] algorithm as a variant of BNL was proposed. In [3], the authors have 
provided a comprehensive analysis of those aforementioned algorithms without 
indexing support and have proposed a new hybrid method, named Linear Elimination 
Sort for Skyline (LESS). Recently, a Sort and Limit Skyline algorithm (SaLSa) [4] 

has been proposed. This algorithm is an alternation of SFS and LESS, which presorts 
the input data using a monotone limiting function and guarantees that during the query 
processing the non fetched data are all dominated by a stop point. . In [5] the authors 
have proposed two progressive algorithms: Bitmap and Indexing. The former 
represents points in bit vectors and employs bit-wise operations, while the latter 
utilizes iMinMax [6] data transformation and B-tree indexing. Other methods include 

nearest neighbor- NN [7], Branch-and-Bound Skyline (BBS) [8]. In [9], the authors 
have discussed the skyline computation in scenario where dataset is vertically 
distributed. 

2.2   Skyline Computation In Distributed Environment 

A distributed skyline query can be processed by evaluating multiple constrained 
skyline queries on different servers. A framework, called SkyPlan [10] has been 

proposed that maps the dependencies between the queries into a graph and generates 
cost-aware execution plans. The one of the possible ways to deal with geographically 
scattered data has been studied using a framework called PadDSkyline [11]. The 
theme of “incomparability” for skyline computation has also been explored. The 
authors have proposed and compared skyline computation based on “dominance” and 
“incomparability” through algorithms BSkyTree-S and BSkyTree-P [12]. The 

progressive skyline computations using DSL [13] and other algorithms [14] have also 
been proposed for query load balancing. The advent of multi-core processors is 
making a profound impact on software development. In [15,16] , the authors have 
modified the basic skyline computation algorithms SFS (Sort Filter Skyline), BBS 
(Branch and Bound Skyline) and SSkyline (Simple Skyline) to induce the “possible 
parallelism” in them and have proposed a new algorithm PSkyline (Parallel Skyline). 

In [17], the authors have proposed an algorithm called as SSP (Search Space 
Partitioning) which exploits features of BATON -Balanced Tree Overlay network 
(also used in [18]) for indexing the dataset so that in structured peer to peer network, 
the peers will be accessed to the minimum and exact data sub space to compute the 
skyline can be searched efficiently. Other aspects of parallel skyline computation like 
rank-aware queries, constrained skyline queries and progressive skyline computation 

in P2P networks have been proposed in [19-21] respectively. Proper data sub space 
partitioning is another aspect of parallel skyline computation. The related approaches 
have been discussed in [22-28]. 

 

2.3   Skyline Computation In Real Time Environment 

The area of real time skyline computation has raised various research challenges. In 

real time environment, dataset may tend to be uncertain. Related work can be found in 
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[29-32]. The work of “probabilistic skyline computation” called PSkyline [29] has 
been elaborated which uses a new in-memory tree structure called Z-tree. Online 
retrieval of skyline queries is another aspect in real time processing. The related work 
can be found in [33-37]. In a number of emerging streaming applications, the data 

values that are produced have an associated time interval for which they are valid. A 
useful computation over such streaming data sets is, to produce a continuous and valid 
skyline summary. An algorithm LookOut [38] continuously evaluates a skyline over 
multidimensional data in which each element is valid for a particular time range. An 
algorithm named CSC (Constrained Skyline Computing) [37] incrementally maintains 
all the non-redundant dominance relationships of tuples over a sliding window and 

then computes all the constrained skyline points. The k-dominant skyline objects are 
difficult to maintain if the database is updated. Related algorithm for maintaining k-
dominant skyline objects has been discussed in [39]. Currently, only the insert and 
delete operations are considered by the authors. Yet, update operations have to be 
considered.  

2.4   Skyline Computation in Mobile Environment 

Cost of „communication‟ and „query execution‟ are major concerns in computing 
when it deals with limited-memory and storage constraints of mobile devices. Another 
aspect of skyline computation is the one in which skyline query and the dataset on 
which this query will operate both are continuously changing in spatio-temporal 
dimensions [40]. When query and data points move over time, re-computing skylines 
for every change incurs prohibitive cost, so to exploit the spatio-temporal coherence 

of the movement to predict the changes and minimize the re-computation only to 
points affecting the skyline changes, seems crucial. In [41] the authors have proposed 
the method to reduce communication cost among the mobile devices and a method to 
reduce execution time on each participating mobile device. Another approach of 
Ring-Skyline (RS) [42] has been proposed which divides the monitoring area into 
several rings and adopts in-network query processing. Due to privacy concerns and 

limited precision of localization devices, the input of a user location is often a spatial 
range. So recently, [43] has proposed I-SKY (index-based) and N-SKY (non-index 
based) approaches to process the range based queries in mobile environment. Range 
to Range Skyline Query (R2R) and Point to Range Skyline Query (P2R) are 
introduced in [44]. Idea of a scoring function, which operates on skyline frequency, 
ranks the local skyline points that have a high probability of belonging to final skyline 

set. The spatial skyline queries for location dependent systems have been discussed in 
[45-47]. 

2.5   Skyline Computation for the Web 

With the proliferation of the Cloud Computing and Software as a Service (SaaS) 
concepts, more and more web services will be offered, making it difficult for the 
service providers to choose a web service weighing the various QoS parameters. 

Related work can be found in [48,49,50]. In [20] the authors have proposed the usage 
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of the concept of skyline queries to select the optimum „skyline-service‟ on various 
QoS parameters. Because number of such services in a web service class, tend to be 
very huge, they have also proposed a method of selecting “representative-skyline 
service” combining the concept of skyline with “k-means Clustering technique. CFS-

Collaborative Filtering Skyline is [51], a general framework that combines the 
advantages of CF (Collaborative Filtering) with those of the skyline operator. CFS 
generates a personalized skyline for each user based on scores of other users with 
similar behavior. Service composition is emerging as an effective vehicle for 
integrating existing Web services to create value-added and personalized composite 
services.  Related work exists [52-54] to exploit the dominance relationship among 

services to find a set of “best” possible composite services, referred to as a composite 
service skyline. The XML querying support for skyline has been discussed in [55]. 
The suggested query structures include both value-based and structural-based desires 
of users. The skyline querying work also exists for clouds. A SkyRank [56] algorithm 
improves the usefulness of skyline analysis and provides more opportunities for users 
to analyze and explore the whole data. The usefulness of skyline approach has been 

discussed for SOA in [57]. 
 
Thus a lot of research has been done in the area of skyline computation related to the 
various computing environments. However with emerging trends in communication 
technologies, database technologies, parallel processing architectures, web 
technologies, the applications based on skyline computations do find a very strong 

research scope. In the next section, the future research directions in this area have 
been discussed for each of the above computational environment. 

3   Research Directions In Future 

Because of the emerging technologies in database community, lots of research efforts 
are needed to map the skyline computation requirements on to these emerging 
technologies. In this section, such possible research directions have been discussed, 
which seem obvious after doing the literature survey of skyline computation 
methodologies on above various computational environments. 

3.1  Centralized Environment 

This was the computational environment, where from the research on skyline 
computation began. After the basic algorithms line BNL, D&C proposed by  
Borzsonyi in 2001, various techniques to improve efficiency of the computation were 
developed like pre processing of the dataset using sorting, indexing. However, the 
work done till now, have not considered the following points. 
 

Effect of the indexing structures on skyline computation: Indexing structures for the 
database like B tress, B+ trees, R trees, BATON etc. improve the accessibility of the 
data records to be used for the computation. A comparative study is required to 
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determine which indexing structure is useful when various parameters of the 
computation like database cardinality, number of querying dimensions, 
communication cost, frequency of the repeat access of the data records etc. are put on 
the test. If this estimation of usage of the proper indexing structure, for a given multi 

criteria computation can be made available, it will be an obvious reason for great 
improvement in efficiency of the skyline computation. 
Effect of the database qualities on skyline computation: What sort of database 
qualities and skyline query‟s qualities yield the most efficient computation? The 
question is difficult to answer unless research is done on the ways, the database 
qualities do affect the efficiency of the skyline computation. Consider the following 

scenarios for example. The skyline computation efforts on a database is a waste if the 
database accessed for the computation is not reliable (not trustworthy), is not available 
for the time, does not yield quality data, does not produce required clarity. So the 
before the computation begins, the accurate estimation of reliability, availability, 
usability, clarity of the database is absolutely necessary. The proper ranking method 
needs to be developed, which can commence the computation only if quality 

parameters are in allowed threshold range. 
Effect of high voluminous database on skyline computation: In relevance with very 
large databases, the dataset pre processing techniques like sorting or indexing do not 
yield efficiency for the computation. Some advanced techniques like „choosing 
representative skyline from clustered datasets‟ can be thought of. If a single database 
itself is organized in a clustered format, then proper cluster can be accessed for 

determination of the representative skyline. Applicability of such a technique seems 
must for a high voluminous database. 

3.2   Distributed Environment 

Because now a days, data tend to be stored in a distributed manner, need for skyline 
computation in a distributed environment became significant. Many skyline 
computation techniques have evolved which for the sake of computation, focus on 

parameters like, proper region partitioning methodologies to take care of geographic 
or spatial qualities of data servers (minimization of the communication cost), 
methodologies to achieve independent, parallel computation in each region 
(maximization of the parallel computation), application of indexing structures like 
BATON (maximization of the accessibility), techniques to improve I/O cost (like 
caching, data streaming etc). However following points still find scope for the further 

research. 
 

1. Effect of parallelizing the computations: Once proper regions of data servers 
have been formed, a novel method such as estimation of the candidate data 
server for parallelization of the computation can be implied. Giving more 
details, suppose a particular data server holds data which is small in volume 

as compared to other data servers. For this server, any normal, pre defined 
skyline computation technique can be applied. However, if a particular data 
server holds a high voluminous dataset, then there exists a scope of 
parallelizing the skyline computation. This means sequential algorithm can 
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be re devised so as to employ possible parallelism in the code. For small 
sized data server, cost of converting sequential algorithm into parallel one or 
applying the pre decided parallel algorithm, may not yield intended 
efficiency. So a technique which gives estimation of the candidate data 

portion or data sets for applying parallel computations and then applies it on 
them , seems very much intended. 

2. Effect of network failures on skyline computation: To the best of our 
knowledge, there is no explicit focus given on this aspect when it is obvious 
that in distributed environment, the node or network failures will be obvious 
risk carrying scenarios for getting the final results. When region partitioning 

algorithm works, it should have built in capability to estimate proper data 
server as a candidate to hold the intermediate skyline computation results. To 
help achieve this task, may be explicit indexing structure to point to data 
servers which hold the possible intermediate results, can be devised. Another 
alternate solution can comprise utilization of cache results for recovery 
process. It is obvious that, these techniques do not take any resemblance with 

the database recovery techniques of distributed databases. The reason being, 
the proposed techniques are supposed to have a stronger skyline computation 
algorithm itself, which is self sufficient for result recovery process. Here 
utilization of any database management system‟s tools is not done, in order 
to relieve the DBMS to exists with its original configurations. 

 

3.3   Mobile Environment 

The typical application of skyline computation in mobile ad hoc networks, include 
location based multi preference queries. In this computing environment, the most 
complex scenario is that, both the query generating source and the datasets on which 
query is fired, are moving. While the skyline computation is in progress, the most 
major focus, related to this environment, is at reducing communication and query 

execution costs. In these concerns, following research goals seem significant. 

 
1. Effect of data region overlapping: Mobile devices have inherent 

limitations of limited processing memory. Hence to minimize the 
communication and query execution costs, the participating datasets must be 
partitioned in such a way that no duplicity of processing efforts occur when 

data tend to be duplicate. A strategy can be devised, where each mobile 
device announces, its representative dataset range and accordingly, the 
regions for computing the skyline may be then formed. The existing 
algorithms have not taken this into consideration. 

2. Effect of global VDR values: The existing skyline computation algorithms, 
take into consideration, the global VDR (Volume of Dominating Region) 

values. To decide the local cut offs of the involved computing dimension of 
the database, at each of the mobile device. These values are assumed to some 
constant and named as global VDRs, wrong assumptions of which can 
generate totally misleading results. These global VDRs, should be computed, 
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considering only the participating mobile devices, instead of borrowing them 
from previously known values, which may appear false, in the next 
computing moment. Inculcating this feature will surely generate, better 
results of the skyline computation. 

3.4   Web based Environment 

It is increasingly becoming difficult for the service providers to choose a web service 
weighing the various QoS parameters, when they offer a set of web services through 
their web sites. The theory behind the skyline computation has been used to guide the 
web service providers to weigh their personal preferences against the various QoS 
parameters and then select optimum set of services for improving their business. 

Consideration of the following points can further make these techniques more 
efficient. 
  

1. Effect of run time QoS values: In the era of cloud computing and SaaS 
(Software as a Service), huge number of web services do exist which serve 
the common purpose. So because of heavy competition in the service 

developers, the market values of such services tend to be dynamic, changing 
with the competing scenario! So consideration of the static QoS values for 
service selection using the skyline computation may lead to a wrong 
guideline for the service providers. A skyline computation methodology 
needs to be developed, which can estimate a runtime QoS value for a service 
and incorporate this value for betterment in service selection process. 

2. Privacy preserving skyline computation: Since much of user data, now 
increasingly put online, users do have serious privacy concerns about the 
usage of this data. Existing skyline computation techniques, incorporated in 
LBS (Location Based Service) applications tend to hide the user‟s location. 
However mere location need not be the concern of user‟s privacy. Newer 
skyline computation techniques can be devised which before the skyline 

computation process, use basic privacy preservation methods like 
suppression, generalization etc. on sensitive dimensions of the database, thus 
hiding the sensitive data and still serving the user‟s queries. 

 
Thus in this section, we have explored the various future research directions for the 
skyline computation, on various computational environments. This discussion has 

clearly highlighted, that the scope for research efforts in this area is still wide. 

4   Conclusion 

In this paper, we have discussed the possible, future research directions for skyline 

computation. Many more may evolve, after reading this and the related surveyed 
papers. It is bound to be true that, with the emerging trends in database technologies, 
communication technologies, web technologies, data server architectures and growing 
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user‟s needs, the scope for the research in this area is wide open. Even though, one of 
the above technologies finds a change, variety of skyline computation techniques will 
definitely evolve. 
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