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Abstract 

i 

 

Abstract 

Top-k and Skyline queries are a long study topic in database and information retrieval 

communities and they are two popular operations for preference retrieval. Top-k query 

returns a subset of the most relevant answers instead of all answers. Efficient top-k 

processing retrieves the k objects that have the highest overall score. In this paper, 

some algorithms that are used as a technique for efficient top-k processing for 

different scenarios have been represented. A framework based on existing algorithms 

with considering based cost optimization that works for these scenarios has been 

presented.  This framework will be used when the user can determine the user ranking 

function. A real life scenario has been applied on this framework step by step. 

Skyline query returns a set of points that are not dominated (a record x dominates 

another record y if x is as good as y in all attributes and strictly better in at least one 

attribute) by other points in the given datasets. In this paper, some algorithms that are 

used for evaluating the skyline query have been introduced. One of the problems in 

the skyline query which is called curse of dimensionality has been presented. A new 

strategy that based on the skyline existing algorithms, skyline frequency and the 

binary tree strategy which gives a good solution for this problem has been presented. 

This new strategy will be used when the user cannot determine the user ranking 

function. A real life scenario is presented which apply this strategy step by step. 

Finally, the advantages of the top-k query have been applied on the skyline query in 

order to have a quickly and efficient retrieving results.   
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Sammanfattning 

Top-k och Skyline frågor har studerats en längre tid av forskar grupper som sysslar 

med databaser och informationshämtning. Top-k frågan returnerar en delmängd av de 

mest relevanta svaren i stället för alla svar. Effektiv top-k behandlingen hämtar k 

objekt som har högst totalpoäng. I denna uppsats har vissa algoritmer som används 

som en teknik för effektiv top-k behandling för olika scenarier varit representerade. 

Ett framework baserad på befintliga algoritmer med hänsyn baserad på 

kostnadsoptimering som fungerar för dessa scenarier har lagts fram. Detta framework 

kommer att användas när användaren kan bestämma ranknings funktion. I verkliga 

livets scenario har tillämpats på detta framework steg för steg.  

 

Skyline frågan returnerar en uppsättnings punkter som inte har dominerats (ett rekord 

X dominerar en annan post y om x är lika bra som y i alla attribut och strikt bättre i 

minst ett attribut) av andra punkter i de givna datamängderna. I detta dokument, har 

vissa algoritmer som används för att utvärdera skyline frågan införts. Ett av 

problemen i skyline frågan som kallas curse of dimensionality har presenterats. En ny 

strategi som bygger på skyline befintliga algoritmer, horisont frekvens och den binära 

trädets strategi som ger en bra lösning för detta problem har presenterats. Denna nya 

strategi kommer att användas när användaren inte kan avgöra ranknings funktion. I 

verkliga livets scenario har presenteras tillämpningen av strategin steg för steg. 

 

Slutligen, fördelarna med topp-k frågan har tillämpats på skyline frågan för att få 

snabbt och effektivt hämtnings resultat.
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1 Introduction  
Information systems use different techniques to rank a query answer and today’s 

information systems is not concerned only with just retrieving all the objects from 

database that exactly match the user query, but the best matching of objects have to be 

retrieved. The end user is always interested in the most important query answers in 

the huge number of answers [1].  

 

The integration between the database and information retrieval has been an active and 

hot research topic. The top-k queries are concerned with giving the top-k query result 

based on the user’s ranks functions. For example to return the best car the user can 

formulate a numerical function for each attribute and the aggregation of these 

functions are used to retrieve the top-k object, e.g. f(x) = 0.7*speed(x) + 0.3*price(x). 

By providing the good ranking, this will give the database the ability to answer the 

information retrieval queries effectively [1]. 

 

Top-k query processing is addressed from different perspectives and connects many 

database research areas including the query optimization, the query language and the 

indexing methods. It is concerned with finding the k objects that have the highest 

overall score. The most famous and general algorithm for evaluating top-k query is 

Fagin’s threshold algorithm (TA) [2]. 

 

Database research communities become much interested in Skyline query. It returns a 

set of points that are not dominated (a record x dominates another record y if x is as 

good as y in all attributes and strictly better in at least one attribute) by other points in 

the given datasets and identify the most interesting objects to the user. Skyline query 

do not require an explicit preference function and it is studied in both distributed and 

centralized environments. There are a lot of techniques that are used to evaluate the 

skyline query for example Block Nested Loop [3], Nearest-Neighbor [4] and Branch 

and Bound Skyline [5].   
 

1.1 Background 
There are two different models that are used in order to describe the user preferences, 

the quantitative model and qualitative model. The quantitative model is a simplified 

form that maps data objects into numerical score based on preferences. It has shown 

to be useful to the system since it can specify the preferences for all the objects into 

numerical score but sometimes it is very hard to determine the preferences for all the 

objects into numerical score.  

 

When the user specify preferences using quantitative model and defending some 

mathematical function F and mapping every data objects into numerical score the best 

way to find the best objects for given preferences is ranking or Top-k retrieval for 

finding the k objects with the highest score. Using the Top-k retrieval is very great 

because there is guaranteed to return only the best matches and there is no empty 

results and deliver only the k results and there is no flooding. But when it is hard to 

specify the wide ranking function we should use the qualitative model in which case 

the user just specify the attribute ordering. A skyline query is used as a solution for 

qualitative preferences that returns the objects that are not dominated by the other 

objects in all attributes. The best with skyline query that we do not need to specify the 
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ranking function so the query is more intuitive. But the system in this situation knows 

much less about the preferences.    

 

Top-k query in multidimensional datasets compute the k most relevant or interesting 

results to the query. It can be classified into two types, the first is based on the access 

of the input lists and the second is based on the assumption of the underlying ranked 

objects. In the first classification the ranked inputs support both the sequential and 

random access. In the sequential access the object retrieves in descending order of 

their scores and this approach is also called sorted access. Random access allows 

probing or querying an input to retrieve the score of the given objects directly.  For 

example the threshold algorithm (TA) which is introduced by Fagin supports the 

random and sequential access on all inputs [2]. While the No-Random-Access 

algorithm (NRA) which is introduced also by Fagin support the sequential access on 

the ranked inputs [2].  

 

The second classification has two categories, the first category called the top-k 

selection where is the all inputs sources share information about the same sets of 

objects which are ranked according to different criteria. For example the threshold 

algorithm (TA) and Quick-Combine algorithm supports this category [2, 6]. In the 

second category which called the Top-k join the input source contains different set of 

objects and the join condition is used to joins the objects in different inputs into one 

output join result. For example the rank-join algorithm [7] supports this category.  

 

There have been many middleware algorithms e.g., Fagin’s algorithm (FA) [9], 

Threshold algorithm (TA), Combined algorithm (CA), No Random Access algorithm 

(NRA), TAz [2], Quick-Combine [6], Stream-Combine [10], SR-Combine [11], 

Minimal Probing (MPro) [12] and Upper algorithm [13], supporting the top-k query 

which support a subspace of scenarios as table 1 clarify. Web query requirements by 

compromising generality and adaptivity are not satisfy with these algorithms. They 

have mostly been designed with specific cost scenarios and they greatly lack 

systematic runtime optimization while the web sources are heterogeneous with greatly 

changing access capabilities and cost, and web cost scenarios dynamically change 

over time.    

     

Sorted Access 

Random Access 

r = 1  

(cheap) 

r = h 

(expensive) 

r = ∞ 

(impossible) 

s = 1 

(cheap) 

FA, TA, Quick-

Combine 

CA, SR-Combine NRA, Stream-

Combine 

s = h 

(expensive) ? 
FA, TA, Quick-

Combine 

NRA, Stream-

Combine 

s = ∞ 

(impossible) 

TAz, MPro, Upper TAz, MPro, Upper  

Table 1: Middleware algorithms for a subspace of scenarios  

Skyline query is used to retrieve tuples where other criteria are equally important and 

the score function is hard to define. It is based on return set of points that are not 

dominated by other points [8]. There are several algorithms that have been introduced 
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to find the skyline in relational database system. For example Block Nested Loop [3], 

Nearest-Neighbor [4] and Branch and Bound Skyline [5]. 

 

Skyline query sets tend to grow exponentially with increasing the size of dimensions 

and this problem often referred to as curse of dimensionality. Figure 1 show the size 

of average result sets for different number of dimensions (3, 5, and 10). Related to 

figure 1 can be seen the skyline query has managed size for the low dimensions (3, 5). 

But in case of 10 dimensions can be seen approximately 50% of database objects as a 

result for 10 000 objects also 25% of database objects as a result for 100 000 objects, 

this mean the skyline query has unmanaged size for the high dimensions. This 

behavior makes the skyline query a weak concept and producing many incomparable 

result objects with increasing numbers of dimensions [14].  

 

 

Figure 1: Result size of different numbers of lists [14] 

1.2 Purpose/Objectives  

The aim of this work is to find the best match query answers in the huge numbers of 

exactly match answers, since the End-user is always interested in the most relevant 

answers. In order to achieve the aim of this thesis the following research questions 

should be answered.  

 How to build framework based on the existing algorithms with considering 

the cost based optimization to provide the most relevant answers to the 

end-user?   

 How to make the size of skyline manageable? 

 How to bridge the two paradigms to work together? 

1.3 Limitations 
The scope of this thesis work is not intended to find new algorithm for evaluating and 

processing the query effectively since there is a lot of algorithms that are already 

existed. The novelty of this study lies to find new strategy based on existing 

algorithms to process and evaluates the query effectively. In addition, the focus will 

be to solve some issues that the Top-k and skyline query already have and to bridge 

these two paradigms (Top-k and skyline) effectively to have an efficient query 
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evaluation and process. Thus, this thesis will be focused a lot on the theoretical part, 

so there will be need for the implementation part as a future work.         

1.4 Thesis Outline 
This thesis consists of four chapters; chapter 2 contents based on literature reviews 

and theoretical background, and provide a summary and analysis of the knowledge 

that exists. Furthermore, chapter 3 describes the experimental steps (methods) that are 

used to come up with objectives and purpose, and chapter 4 is presented and analyzed 

the result of the work that will be used to answer the purpose/ objectives. At last, 

chapter 5 concludes the research finding and further work that will be carried out. 
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2 Theoretical Background 
This chapter introduces some existing knowledge by giving an overview of some 

existing theories or concepts used in Top-k and Skyline query. Basically, this chapter 

is divided into the flowing sub-sections: 

 Top-k query (section 2.1) 

 Efficient Top-k query processing (section 2.2) 

 Skyline query (section 2.3) 

 Efficient evaluation of skyline queries (section 2.4) 

 Skyline query problem (section 2.5) 

2.1 Top-k Query 

Top-k query is a long studied topic in the relational database and information retrieval 

communities. It is an important type of query that allows for supporting information 

retrieval application on top of database systems and it is dominant in many 

applications as web databases, multimedia databases, datamining, middlewares etc. 

The main objective of these queries is to return the k highest ranked answer efficiently 

and quickly. It is return subset of the most relevant answers instead of return of all 

answers to minimize the cost metric that is associated with the retrieval of all answers 

and to maximize the quality of the answer set such that the user is not shocked with 

irrelevant answers [7, 15].    

The top-k query is defined as- “Given a database D of m objects, each of which is 

characterized by n attributes, a scoring function f, according to which we rank the 

objects in D, and the number of expected results k. Then a top-k query Q returns the k 

objects with the highest rank in f. In Top-k query, query define on n attribute a1, a2 

,…, an and relation M in the form of R1 ,R2 ,…,RM that each ai (i=1:n) belongs to 

one relation Rj (j=1:M)” [15].    

2.2 Efficient Top-k Query Processing 

Top-k query processing is connected to many database research areas including query 

optimization, indexing method and query languages and it is concerned with finding k 

objects that have the highest overall score. Top-k query processing techniques is 

classified based on multiple design dimensions into the following [7]: 

 Query Model: Top-k query processing techniques are classified according to 

the query model they assume. 

 Selection query model where scores are attached directly to base 

tuple. 

 Join query model where scores are computed over join results. 

 Aggregation query model where interest is in ranking groups of 

tuples. 

 Data Access Methods: Top-k query processing techniques are classified 

according to the data access methods. 

 Random access 
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 Sorted access 

 Implantation Level: Top-k query processing techniques are classified 

according to their level of integration with database systems. 

 Application level includes top-k processing techniques that work 

outside the database engine. 

 Query engine includes techniques that involve modifications to the 

query engine to allow for rank-aware processing and optimization.   

 Ranking Function: Top-k query processing techniques are classified according 

to restriction they impose. 

 Monotone ranking function which is suitable in many practical 

scenarios and most top-k queries assume it. 

 Generic ranking function is used when the top-k queries address in the 

context of constrained function optimization.   

 Unspecified ranking function which know as skyline query which 

returns a set of points that are not dominated by other points in the 

given datasets. 

 Data and Query Certainty: Top-k query processing techniques are classified 

based on certainty involved in data and query models.  

 Certain data and exact methods. 

 Certain data and approximate methods. 

 Uncertain data. 

Figure 2 shows top-k processing techniques. 
 

 

Figure 2: Top-k Processing Techniques [7] 
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Efficient execution of top-k queries is increasingly becoming a major challenge for 

relational database technology and it is a critical requirement in many environments 

that involve huge amounts of data. In particular, efficient top-k processing in domains 

such as Web, distributed system and multimedia search has shown a great effect on 

performance and it is concerned with returns the top-k answers quickly and with 

minimum cost and time [7, 15]. There are some techniques for processing top-k query 

such as Fagin’s algorithm [9], Threshold algorithm, No Random Access algorithm 

[2], Minimal Probing algorithm [12], etc. 

2.2.1 Fagin’s Algorithm 

One of the primary work is Fagin’s algorithm (FA) designed by Dr. Ron Fagin from 

IBM research to find top-k elements. It is correct for monotone aggregation functions 

t. The middleware cost of FA algorithm is O (N
 (m-1)/m 

k
1/m

) if there are N objects in 

database and if the orderings in the sorted lists are probabilistically independent [9]. 

Figure 3 shows FA algorithm. 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 3: FA Algorithm [2] 
 

FA algorithm consists of the following steps [2]: 

 Sorted access in parallel to each of the m lists. 

 Random access for every new object seen in every other list to find ith
 
field xi 

of R. 

 Use aggregation function t(R) = t (x1,……., xm) for every object to calculate 

overall grade and store it in set Y. 

 Define set H containing objects seen is all the lists. 

 Stopping Point – Set H has at least k objects. 

 Sort set Y and output top-k values. 
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The following example briefly reviews how the FA algorithm executes. The user is 

concerned with desirable used cars based on the mileage and age. The mileage and 

age are attributes scoring functions where the car with desired has higher mileage and 

age scores (from 0 to 1). Here let’s assume the following:  

 The user ranking function is F(id) = 2*mileage + age (monotonic)  

 The user is interested with finding k= 2 cars with highest score 

 

 

 

 

 

 

 

 

 

 

 

   

 

# Mileage 

  1 0.9 

2 0.8 

3 0.7 

…. ......... 

…. ……. 

4 0.6 

# Age 

4 0.9 

1 0.8 

2 0.7 

…. ......... 

…. ……. 

3 0.2 

Table 2: Sorted list on Mileage Table 3: Sorted list on Age 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4  0.9  

2 0.8 0.7 2.3 

3 0.7   

# Mileage Age F(id) 

1 0.9   

4  0.9  

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4  0.9  

2 0.8   Table 4: First Iteration 

Table 5: Second Iteration 

Table 6: Third Iteration 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4 0.6 0.9 2.1 

2 0.8 0.7 2.3 

3 0.7 0.2 1.6 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

2 0.8 0.7 2.3 

Table 8: Top-k Results 

Table 7: Fourth Iteration 
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Related to table 8 and based on table 7 can be seen car number 1 and 2 is the top-k 

with higher grade ranking function.  

2.2.2 Threshold Algorithm 

Threshold Algorithm (TA) is similar to FA algorithm with a small modification. It is 

approximation function that is used to find top-k elements with x degree of 

approximation. It is optimal in all the cases and it uses less buffer space since it may 

do m-1 random access for every object not only in the top-k set and stops early [2]. 

Figure 4 shows TA algorithm. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: TA Algorithm [2] 

TA algorithm consists of the following steps [2]:   

 Sorted access in parallel to each of the m lists. 

 Random access for every new object seen in every other list to find ith field 

xi of R. 

 Use aggregation function t(R) = t (x1,……., xm) for every object  to calculate 

overall grade and store it in set Y only if it belongs to top-k objects. 

 Calculate threshold value T of aggregate function after every sorted access. 

 Stopping Point as soon as at least k objects have been seen whose grade is at 

least equal to T. 

 Return set Y which has top-k values. 
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The following example is the same example that is used in FA algorithm that briefly 

reviews how TA algorithm is executed. 

   

 

           

 

 

   

# Mileage 

  1 0.9 

2 0.8 

3 0.7 

…. ......... 

…. ……. 

4 0.6 

# Age 

4 0.9 

1 0.8 

2 0.7 

…. ......... 

…. ……. 

3 0.2 

Table 10: Sorted list on Age Table 9: Sorted list on Mileage   

# Mileage Age F(id) 

1 0.9   

4  0.9  

Table 11: First Iteration 

# Mileage Age F(id) 

1 0.9   

4  0.9  

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4 0.6 0.9 2.1 

Table 12: Second Iteration 

Mileage Age F(id) 

0.9 0.9 2.7 

Table 13: First Threshold 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4 0.6 0.9 2.1 

2 0.8 0.7 2.3 

Mileage Age F(id) 

0.8 0.8 2.4 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

4 0.6 0.9 2.1 

2 0.8 0.7 2.3 

3 0.7 0.2 1.6 Table 14: Third Iteration 

Table 15: Second Threshold 

Table 16: Fourth Iteration 

Mileage Age F(id) 

0.7 0.7 2.1 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

2 0.8 0.7 2.3 
Table 17: Third Threshold 

 Table 18: Top-k Results 
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From the table 16 and based on table 17, can comes up with table 18 as a result of the 

top-k and can be seen car number 1 and 2 is the top-k with higher grade ranking 

function.  

2.2.3 No Random Access Algorithm 

No random access algorithm (NRA) is used in the situation where the random 

accesses are impossible or very expensive. The output consists of the top-k objects, 

without their grades since random access is impossible, it may be much cheaper to 

find top-k objects without their grades. This is because sometimes we can achieve 

some part of information about grades that is enough to determine that an object is in 

top-k objects without know exact it is grade [2].  

NRA algorithm consists of the following steps [2]: 

 Sorted access in parallel to each of the m lists. 

 Access all lists sequentially in parallel. 

 After each cursor move compute the following: 

 Worst-case score, best-case score for each seen r object 

 Sort all seen elements on worst-case score, breaking ties by best-case 

score  

  =  current list scores (this is the best-case score of any unseen 

object) 

 STOP when worst-case score of k
th

 object >  

 If random accesses are possible, compute complete scores of the top-k 

elements. 

 Return the top-k elements. 
 

Figure 5 shows NRA algorithm. 
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Figure 5: NRA Algorithm [2] 

The following example is the same example that is used in FA algorithm that briefly 

reviews how NRA algorithm is executed. 

 

 

 

 

 

     

 

 

 

 

# Mileage 

  1 0.9 

2 0.8 

3 0.7 

…. ......... 

…. ……. 

4 0.6 

# Age 

4 0.9 

1 0.8 

2 0.7 

…. ......... 

…. ……. 

3 0.2 

Table 20: Sorted list on Age   Table 19: Sorted list on Mileage   
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Table 25: Third Iteration 

 

Table 26: Third Threshold   

 

 

 
 

 

 

 

From the table 25 and based on table 26, can comes up with table 27 as a result of the 

top-k and can be seen car number 1 and 2 is the top-k with higher grade ranking 

function.  

2.2.4 Minimal Probing Algorithm  

Minimal Probing algorithm (Mpro) use a priority queue with ceiling scores as 

priorities and it is used when sorted access is impossible. When the ranking function 

is determined at query time so the index structure cannot build which will work as 

sorted access so in this case the sorted list cannot get as assume the previous 

algorithms.  Also when other data source are used for evaluate the predicates like 

some website in this case if this website cannot provide sorted interface so the sorted 

index cannot get and similarly also for joins scenarios [12].    

Mileage Age F(id) 

0.9 0.9 2.7 

# Mileage Age LB 

1 0.9 0.8 2.6 

4  0.9 0.9 

2 0.8  1.6 

Table 22: First Threshold 

Table 21: First Iteration   

# Mileage Age LB 

1 0.9  1.8 

4  0.9 0.9 

Table 23: Second Iteration   

 

Mileage Age F(id) 

0.8 0.8 2.4 

# Mileage Age LB 

1 0.9 0.8 2.6 

4  0.9 0.9 

2 0.8 0.7 2.3 

3 0.7  1.4 

Mileage Age F(id) 

0.7 0.7 2.1 

# Mileage Age F(id) 

1 0.9 0.8 2.6 

2 0.8 0.7 2.3 

Table 27: Top-k Results 

Table 24: Second Threshold 



Theoretical Background  

14 

In this case the random accesses need to perform the to get the missing scores. Since 

random access is expensive our goal is to perform the minimum cost random access 

and our strategy of achieving that is finding out which random access or probe is 

absolutely necessary to find top-k objects. Figure 6 shows the Mpro Algorithm [12]. 
 

 

Figure 6: MPro Algorithm [12] 
 

MPro algorithm consists of the following steps [12]: 

 Calculate the probing scores Sp
(Q)

 and put them in the probing queue Q.top, 

where Q denote the observed information. 

 Probe Q.top, update Q. 

 While the stopping criterion is not satisfied, repeat step 1 and 2. 

The following example briefly reviews how the FA algorithm executes in some a real-

estate retrieval system that maintenance a database house. Here let’s assume the 

following: 

 The user ranking function is F= min (x, pc, pi)  

 The user is interested with finding k= 1 top house 
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Query: select id from house 

 where new (age) x, cheap (price, size) pc, large (size) pi 

 order by min (x, pc, pi)  stop after 5 

 

 

 

 

 

 

 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OID x pc pi F (x, pc, pi) 

a 0.90 0.85 0.75 0.75 

b 0.80 0.78 0.90 0.78 

c 0.70 0.75 0.20 0.20 

d 0.60 0.90 0.90 0.60 

e 0.50 0.70 0.80 0.50 

Table 28: Dataset for query F (x, pc, pi) = min (x, pc, pi)    

OID x 

a 0.90 

b 0.80 

c 0.70 

d 0.60 

e 0.50 

OID x 

a 0.85 

b 0.80 

c 0.70 

d 0.60 

e 0.50 

OID x 

b 0.80 

a 0.75 

c 0.70 

d 0.60 

e 0.50 

Table 31: Third Iteration Table 29: First Iteration Table 30: Second Iteration 

pr (a, pc)=0.85 

 

pr (a, pi)=0.75 
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pr (b, pc)=0.78 

 

 

           

 

 

 

 

 

OID x 

b 0.78 

a 0.75 

c 0.70 

d 0.60 

e 0.50 

OID x 

b 0.78 

OID x 

b 0.78 

a 0.75 

c 0.70 

d 0.60 

e 0.50 

Table 34: Top-k Results 

Top 1 

Table 32: Fourth Iteration Table 33: Fifth Iteration 

pr (b, pi)=0.90 
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2.3 Skyline Query 

Database research communities become much interested in Skyline query and it is one 

of the most and widely used preference queries. It is based on the dominance 

relationship between tuples and it contains a set of points that are not dominated by 

other points in all of dimensions in a set of d-dimension. It is used when it is hard to 

specify the ranking function so in this case the user specifies only some attributes 

ordering. The key advantage of the skyline query is that it does not require any user-

defined information or parameter. In addition, skyline queries are characterized by the 

scaling invariance property, which means that if scaling is applied to any dimension 

values, the result remains unchanged [8, 5]. 

The skyline query is defined as- “Given a set of points p1, p2,……pn, the skyline query 

returns a set of points P (referred to as the skyline points), such that any point pi   P is 

not dominated by any other point in the dataset” [5]. The point domination is defined 

as- “a point pi dominates another point pj if and only if the coordinate of pi on any axis 

is not larger than the corresponding coordinate of pj” [5].  

2.4 Efficient Evaluation of Skyline Queries    

Efficient evaluation of skyline queries is becoming a hot topic in relational database 

and Information retrieval. It is important requirement in many applications that 

involve huge amounts of data since it hard to specify the ranking function in some 

situations. There are some techniques for evaluating skyline query such as Block-

Nested-Loop algorithm [3], Nearest-Neighbor algorithm [4], Sorted list pruning 

algorithm [5], divide and conquer algorithm [3] etc.   

2.4.1 Block-Nested-Loop Algorithm 

Block-Nested-Loop algorithm (BNL) works especially well if the skyline is small, and 

in the best case the skyline fit into the memory and algorithm stops in one or two 

iterations. BNL algorithm runtime complexity in the best case is O(n); n being the 

number of tuples in the input and runtime in the worst case is O(n
2
). It shows very 

good I/O behaviour especially if the window can contain the whole skyline [3]. Figure 

7 shows BNL algorithm. 

BNL algorithm consists of the following steps [3]: 

 Outer loop: repeat over the input list. 

 Inner loop: compare object to all identified candidates. 

 If object is dominated exit to the inner loop. 

 If object dominate candidate from the window, delete the candidate 

from the window. 

 Objects that are remaining in the inner loop are added to the window. 

 If window becomes full write the incomparable objects into temporary file. 

 After outer loop stop 

 The objects that are completed with comparisons are added to the 

output list. 
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 The temporary file is used as input list to manage the remaining 

comparisons.  

 Repeat until the temporary file is empty.  

There are three cases can occur for every tuple p at the beginning [3]:  

 P is dominated by any tuple in the window so p is discarded. 

 P dominates any tuple in the window so p is added in the window and all 

tuples dominated by p are removed from the window.  

 P is incomparable with all tuples in the window so p is added to the window if 

there is space otherwise p is written to a temporary file.  
 

 

Figure 7: BNL Algorithm [3] 



Theoretical Background  

19 

The following example briefly reviews how the BNL algorithm executes. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Table 40 shows the skyline results using the BNL algorithm to input list which shows 

in table 35. Let’s consider the same example but here let’s assume that the memory is 

too small and keeping only two tuples. 

 

 

 

 

 

 

# Price Age 

1 $250 14 

2 $600 15 

3 $2100 9 

4 $9900 3 

5 $1000 9 

6 $9700 3 

# Price Age 

1 $250 14 

# Price Age 

1 $250 14 

3 $2100 9 

# Price Age 

1 $250 14 

3 $2100 9 

4 $9900 3 

# Price Age 

1 $250 14 

4 $9900 3 

5 $1000 9 

# Price Age 

1 $250 14 

5 $1000 9 

6 $9700 3 

# Price Age 

1 $250 14 

# Price Age 

1 $250 14 

3 $2100 9 

# Price Age 

4 $9900 3 

Table 35: Input List 

Table 36: Window 

at first iteration 
Table 37: Window 

at second iteration 

Table 38: Window 

at third iteration 

Table 39: Window 

at fourth iteration 

Table 40: Window 

with skyline results 

Table 41: Window 

at first iteration 
Table 42: Window 

at second iteration 

Table 43: Temporary 

file at third iteration 
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Table 52 shows the skyline results which is the same results as the previous example 

but with more iteration so here can be seen the different in the runtime. 

2.4.2 Nearest-Neighbor Algorithm 

Nearest-Neighbor algorithm (NN) is based on the nearest neighbor search and it is an 

interesting algorithm for the skyline query which returns the nearest neighbor points 

to origin as skyline. The great of this algorithm that the first objects are returned very 

fast and this is a good future since we do not have to wait until all the results identify 

to get the first good initial results [4]. Figure 8 shows the NN algorithm for 2-

dimensions skyline query.  

# Price Age 

1 $250 14 

5 $1000 9 

# Price Age 

4 $9900 3 

6 $9700 3 

# Price Age 

4 $9900 3 

6 $9700 3 

# Price Age 

5 $1000 9 

4 $9900 3 

# Price Age 

5 $1000 9 

# Price Age 

1 $250 14 

# Price Age 

1 $250 14 

5 $1000 9 

6 $9700 3 

# Price Age 

6 $9700 3 

# Price Age 

1 $250 14 

5 $1000 9 

Table 44: Window 

at fourth iteration 
Table 45: Temporary 

file at fifth iteration 

Table 46: New input 

list 

Table 47: First 

output 

Table 48: Window at 

sixth iteration 
Table 49: Window at 

seventh iteration 

Table 50: Second 

output 

Table 51: Window at 

eighth iteration 

Table 52: The 

complete output 
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Figure 8: NN Algorithm for 2-d skyline query [4] 

Nearest-Neighbor can be computed very efficiently if the data set is indexed using 

multi-dimensional such as an R-tree. The following example briefly reviews how the 

NN algorithm executes using the R-tree which contains the following steps: 

 Divide data space into areas. 

 Use the nested bounding boxes for building the tree. 

 Search 

 Start from the root. 

 Check the leaves whose nested bounding box extends over with 

request area or point.  

 

 

 

 

 

 

 

 

 

 

                    Figure 9: Input list using Chart 

 

 

 

# Price Age 

1 $250 14 

2 $600 15 

3 $2100 9 

4 $9900 3 

5 $1000 9 

6 $9700 3 

Table 53: Input List 
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                 Figure 10: First Iteration                      Figure 11: Second Iteration         

 

 

 

 

 

 

 

 

 

 

              

 

Figure 13: Third Iteration 

Figure 14: Fifth Iteration Figure 15: Sixth Iteration 

Figure 12: Fourth Iteration 
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(xn, yn, zn) n 

n 
n 

p 

p 

p p 

n p p 

 

 

              Figure 16: Seventh Iteration 

Figure 16 shows the skyline results and can be seen also car 1, 5 and 6 are the 

skylines. Now let’s show how the NN algorithm can be applied to skyline queries that 

involve more than two dimensions. Figure 16 shows three dimensional data space (x, 

y, z) and the nearest neighbor n in the data space. Figure 18, 19 and 20 shows the 

other regions which need to be considered in the steps with NN algorithm which is 

shown in figure 8 [4]. 

    

 

 

 

 

 

              Figure 18: Region 1 (xn,∞,∞) 

 

 

 

 

 

                    Figure 20: Region 3 (∞,∞,zn) 

 

Figure 17: The forth regions 

Figure 19: Region 2 (∞,yn,∞) 
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The same point of the skyline can found twice or even more since the regions in a d 

dimensional data space (d > 2) overlap in such a way but this duplicate could not 

happen in the NN algorithm for 2-dimensional queries. To see how the duplicate is 

happened let’s look for the point p as can be seen in the above figures. Let’s assume 

that p is a part of skyline so p is not dominated by n since p is better in dimension y 

and z. P is included in the both regions 2 and 3 as can be seen in figure 19 and 20 so p 

will produced twice, once when processing region 2 and once when processing region 

3 using NN algorithm. This duplicate can effect on the performance of the NN 

algorithm [4].  

2.4.3 Branch and Bound Skyline Algorithm 

Branch and Bound Skyline Algorithm (BBS) is based also on the nearest neighbor 

search and it is an interesting algorithm for the skyline query which returns the skyline 

results. The important of this algorithm that it is easy to manage the user preferences 

and it does not require any pre-computation except building the R-tree. Also it can be 

used to any subset of dimensions and it is efficient for both progressive and complete 

skyline computation. The algorithm uses a priority queue, where R-tree entries are 

prioritized by the mindist value and the mindist of minimum bounding rectangles 

(MBR) is the L1 distance between its lower-left corner and the origin [5] as can be 

seen in figure 21. Figure 22 shows the BBS algorithm. 

         

 

 

 

 

 

 

 

 

         Figure 22: BBS Algoritm [5] 

 

The algorithm consists of the following steps: 

 Select the best R-tree entity to check based on the mindist measure.  

 Compute the mindist of the entities and add them into the priority queue. 

 Add the discovered skyline points into the set S. 

 If the top of queue is a data point, check if it is dominated by any point in S or 

not. If it is dominated the point is rejected otherwise it is added into S. 

The following example briefly reviews how the BBS algorithm executes using the R-

tree. R-tree shows in figure 23 and here let’s assume the following: 

Figure 21: Mindist (e.mbr) 
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 All the points are indexed using R-tree. 

 Nearby points are grouped in minimum bounding rectangles (MBR). 

 Mindist (MBR) = the L1 distance between its lower-left corner and the 

origin. 

 

 

Figure 23: R-tree for BBS algorithm example 
 

 

Figure 24: BBS Algorithm- First Iteration 

 Each heap entry keeps 

the mindist of MBR.  
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Figure 25: BBS Algorithm- Second Iteration 

 

 

Figure 26: BBS Algorithm- Third Iteration 
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Figure 27: BBS Algorithm- Fourth Iteration 

 

 

Figure 28: BBS Algorithm- Fifth Iteration 
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Figure 29: BBS Algorithm- Sixth Iteration 

 

 

Figure 30: BBS Algorithm- Seventh Iteration 
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Related to figure 30 can be seen that the final skyline results are i, a and k points. 

2.4.4 Divide and Conquer Algorithm 

Divide and Conquer algorithm (DC) is the best theoretical known algorithm for the 

worst case. It divides the datasets into partitions so each partition fits into the memory 

and it uses the main-memory algorithm for compute the partial skyline of the point in 

every partition. It works very efficient with the small datasets since the datasets fits in 

the memory so only one request for the main-memory algorithm. In the large datasets 

the partitioning process needs reading and writing the datasets once so this will effect 

on the I/O cost [3]. Figure 31 shows the DC algorithm. 
 

 

Figure 31: DC Algorithm [3] 
 

The DC algorithm consists of the following steps: 

 Calculate the median. 

 Divide the tuples into two partitions. 
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Values less 

than midian 

Median for 

dimension B  

 Calculate the skyline for each partition. 

 Merge partitions. 

The following example briefly reviews how the DC algorithm executes. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 35: Divide datasets into 2 parts   
 

 

 

 

 

 

 

 

 

 

Figure 33: Median mA for all points Figure 32: Input Data 

Figure 34: Calculate skyline S1and S2 

Figure 36: Remove points in S2 

dominated by S1 
Figure 37: Calculate median (mB) 

for S1 
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S21 smaller value 

in dimension B  

Figure 40: Partition and Merge 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 shows that S21 is not dominated since S1x better than S2x in dimension A 

and Sx1 better than Sx2 in dimension B. 

 

 

 

 

 

 

 

 

 

 

Figure 40 shows the merge between S11& S21, S11& S22 and S12& S22. The final 

skyline of AB is {P2, P3, and P5}. 

Figure 39: Divide S1 and S2 into S11, S12, 

S21 and S22 
Figure 38: S21 is not dominated 
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2.5 Skyline Query Problem 

Skyline query have caused much attention for it helps users make intelligent decisions 

over complex data. It have been commend for their ability to find the most interesting 

points to the user in a data sets but with high dimensional data sets there are too many 

skylines points as a result, figure 1 show the problem with the skyline query with high 

dimensionality which known as curse of dimensionality. It returns a set of points that 

are not dominated by other points in the given datasets but unfortunately the chance of 

one point to dominate another point is very low by increase the number of 

dimensions. The skyline results size are unmanageable since the exponential increase 

with the numbers of the query predicates and this mean that the numbers of 

dimensions will increase since each dimension represent one attribute in the database. 

Increasing in the dimensionality will effect on the skyline results since the same point 

of the skyline can retrieve twice or even more as we can see in figure 19 and 20, and 

this duplicates make the size of the skyline results are unmanageable [4, 14].       
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3 Methods 
This chapter presents the plans and methods that are used for the purpose of achieving 

our objectives. Method plays a big role in any research since it refers to the way in 

which the research is managed and how the data is collected. In order to achieve the 

quality and validity of our research we need to follow a suitable research method that 

can manage our research.   

3.1 Research Method  

Research method is the way how research is conducted to keep running in a 

systematic and scientific way. To achieve the research goals there is need to follow 

some of these methods since there are a lot of research methods. In this research, the 

design science method will be used since this research is focused more to design new 

framework architecture.  Also the choosing of this method is based on the problem 

that have in the research and the objectives that will be achieved.   

3.1.1 Design science method 

This research project employs a research approach known as design science to address 

the research problem. This method offers specific guidelines for evaluation and 

iteration within research project. Figure 40 shows the reasoning in the design cycle 

which can be used in this type of research [16].  

 

Figure 41: Reasoning in the design cycle [16] 

Related to figure 41 process steps can be seen in this design are begins with awareness 

of a problem. In this research project the first awareness of the problem on which the 

research would focus is how to find the best match query answers in the huge numbers 

of exactly match answers, since the End-user is always interested in the most relevant 

answers. The output of this step is a proposal which is used for new research.  

The next step in this design is suggestions for the problem solution which comes up 

from the existing knowledge for the problem area. Based on the existing knowledge 

about the top-k query found that there is a lot of algorithms that is used to process and 

evaluate these type of query based on the scenario that exist as can be seen in table 1. 

This thesis suggests that in order to gather these algorithms that are existed and the 
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new algorithms that will be developed later in a middleware of algorithms and build 

new framework based on this middleware of algorithms to provide the most relevant 

answers to the end-user.  This suggestion come up after reading more literature which 

is related to this topic and understand the key concepts like top-k query and efficient 

top-k processing. Also understanding and applying some examples to the algorithms 

which are represented in theoretical background like Fagin’s algorithm, No random 

access algorithm etc. gives the start point to come up with this suggestion.    

In the development step an artifact implementation is developed according to the 

suggested solution for the problem. The new framework is implemented as can be 

seen in figure 42 which is used to provide the most relevant answers to the users with 

considering the cost based optimization. This new framework architecture will be 

developed and presented in details in the result chapter.    

The fourth step in the design is evaluation. In this research project the evaluation will 

be based where this work answers the research question that helps to achieve the 

objective of this work or not. The Black-Box test will be used to test the functionality 

of the new framework to ensure that all the components work together without any 

problem and the framework meets it is requirements. Also there is a need to test the 

performance and the usability of the framework to see how it is act with end-user. The 

system evaluation will be presented in details in the system evaluation chapter. 

New knowledge production is shown in figure 41 by the arrows labeled 

circumscription and operation and goal knowledge. The circumscription process is 

important to understand design science research and it is a logical method that 

assumes that every fragment of knowledge is valid only in specific situation. Finally, 

this research process is concerned with developing new framework architecture as can 

be seen in figure 42 which is used to process the top-k query to provide the most 

relevant answers to the end-user with good performance (time, cost).  

3.2 Data Collection Techniques  

Data collection is an important part of any type of research. It is planning for 

receiving useful information on the quality way which is produced by the researcher 

process. The purpose of collecting the data is to provide information about specific 

topic that can give the researcher a clear picture about this topic. There are many 

methods that are used for collecting the data like interview, questionnaires, literature 

review, observation, portfolios etc.  

Literature review is an account about what is published on this topic by the 

researchers and scholars. It helps to understand the topic and to come up with the 

research questions and gives the objectives of this work. In order to give the limitation 

of this thesis a lot of suitable literatures reviewed to get a clear picture about the 

results and works that has been done so far in this filed.  

Literature review is the main part for creating the theoretical background in this 

thesis. It gives a clear picture about the key concepts like top-k and skyline queries, 

top-k query processing and skyline query evaluation which gives the starting point for 

writing the theoretical background section. Also it plays a good role in the result 

section which is come up by the intensive study and review of different literatures to 

understand these concepts and answers the research questions that helps to achieve the 

objectives in this work.       



Results 

35 

4 Results 
This chapter presents the result of this work which is come up from answering the 

research questions which is introduced in chapter 1. First, the architecture of the 

framework will be clarified. The functions of each component in this architecture will 

be clarified also a scenario will be applied using this framework. This framework is 

used to find the best matching (top-k) answers of the user query in the huge number of 

exact match answers based on the user ranking function.   

The second result is a new strategy will be used to managing the skyline point’s size 

in the high dimensional based on the skyline frequency and binary tree strategy. Also 

a scenario will be applied using this strategy. The new strategy will be used when it 

difficult for the user to specify the user ranking function so this mean that the previous 

framework cannot be apply in this situation so the skyline query with new strategy 

will be used to find top-k result to the user.   

4.1 Framework  

This section will provide a framework which is used to find the best match query 

answers in the huge numbers of exactly match answers to the End-user (Top-k result). 

This framework is based on the existing algorithms which been developed to 

processing the Top-k query like these algorithms which is introduced in theoretical 

background chapter. 

4.1.1 Architecture of the Framework 

 

Figure 42: Framework Architecture 
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The new framework make integration between the database and information retrieval 

to return the top-k results to the user based on the ranking function. It consists of four 

main parts (user, query formalization, database and rank processing) outlined in figure 

42. The four parts are defined as the following: 

 User: In this part the user has some preferences which tell about it and 

receives the top-k results for example assume that the user is interested in the 

top three hotels that are close to the beach and close to a conference center. 

Further the user wants the summation of the distance to be the minimum 

possible.  

 Query formulization: In this part the user preferences are expressed into 

database management system queries which are usually expressed by using 

SQL. For example the previous example which is related to the hotel can 

express like this: 

 select hotels.name 

       from hotels 

       order by min (hotels.Distance_beach+hotels.Distance_conference) 

 stop after 3 

 Database: A single or collection of databases that consists a collection of data. 

The data is accessed by the query to return the relevant objects. 

 Rank processing: This part is used to return the best match query answers in 

the huge numbers of exactly match answers to the user (top-k results) based on 

the top-k middleware algorithm that is used to answer these types of queries 

and the ranking function. Top-k middleware algorithm contains all the 

algorithms that can be used to process the top-k query based on the scenario 

some of the scenarios as our scenario which is presented in section 4.1.3 used 

only one of these algorithms to find top-k answer but in other scenarios may 

be there is need to use more than one algorithm to find top-k answer based on 

the data source that exists.      

4.1.2 Features of the Framework 

This framework can be considering useful since: 

 It considers the cost based optimization based on the existing top-k algorithms 

since there is a middleware of algorithms so the best algorithms can be used 

based on the type of scenario. 

 It considers the dynamic search over space or different databases and it can 

specify the cost of access (dynamic or sorted access) at run time.  

4.1.3 Scenario 

Let’s consider this real example which is provided by www.ooyyo.se that allows the 

users to tell about the preferences that are interested in.  Figure 43 shows how the user 

can specify the preferences to get the result that wants. 

http://www.ooyyo.se/
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Figure 43: Specify User Preferences 

Related to this figure 43 found that the user can specify the: 

 Country: Sweden, Italy, Russia, etc. but Sweden is already chosen.  

 Make: BMW, Audi, Volvo, etc. 

 Model: The model of make. 

 Trim: The trim of model. 

 Price from to. 

 Year from to. 

 Mileage from to. 

 Body type: Mini, Sedan, Coupe, etc. 

 Fuel type: Auto gas, Diesel, Hybrid, etc.  

In this website it is obvious that the result is dynamic, this mean that the result is 

changed based on the user preferences. By specify only the country; it is found there 

are 117,559 vehicles are available in Sweden on 23-09-2012 as can be seen in figure 

43.    
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Figure 44: Results based on User Preferences 

Figure 44 shows the results for answer the user query. Based on the preferences that 

the user specified it found there are 88 results that match the user query on 23-09-

2012. This website allows the user to sort the results ascending or descending based 

on the year, mile and price as can be seen on the top of the figure 44 but this sort 

based on only one preference so this mean that the results cannot be sorted based on 

two or more preferences in the same time.   

Let’s consider car number 1 and 3 in figure 44 the car number 1 and 3 have the same 

year and price but car number 3 is better than car  number 1 in the mileage so the 

question here why car number 3 is not coming in top-1 instead of car number 1. Also 

considering car number 4 and 5 it is seen that car number 4 and 5 have the same year 

but car number 5 is better than car number 4 with price and mileage so the question 

here why car number 4 is coming in the top-4 if car number 5 is better with price and 

mileage which is coming in top-5.   

The compression was easy when the two cars have the same year but how will be the 

compression when the cars not have same year. Let’s consider car number 1 and 2 car 

number 1 is better than car number 2 in the price and mileage but in the same time car 

number 2 is better than car number 1 in the year so which car can be the top-1?  

Based on these explanation our architecture works to find the best matching (top-k) 

answers of the user query in the huge number of exact match answers based on the 

top-query existing algorithms, cost based optimization (sorted and random access) and 

user preferences that will be considered in the same time to retrieve the best match 

answer to the end-user as noticed in the following section.   
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4.1.3.1 Applying the Scenario to the New Framework  

In this section the framework parts which are presented in figure 42 will be followed 

to find the best match answer of the query (top-k) in the huge exact match answer.  

 User: In this part the user tell about the preferences that are wanting as we can 

see in figure 43. In this scenario the user specify country to Sweden, make to 

Volkswagen, model to Golf, trim to 1.6, Price from 0 until 150 000 SEK, year 

from 2011 to 2012 and mileage from 0 until 20 000 mile.    

 Query formulization: The user preferences are expressed into database 

management system queries. Using the SQL in this scenario the query will be 

look like: 

SELECT * FROM database_name 

WHERE Country=´Sweden´ AND Make=´Volkswagen` AND Model=´Golf´ 

AND Trim=1.6 AND Price BETWEEN 0 AND 150000 AND Year 

BETWEEN 2011 AND 2012 AND Mileage BETWEEN 0 AND 20000 

 Database: To execute the previous query the database will be accessed by the 

query to return the relevant data. Related to figure 44 can be seen there are 88 

results which are relevant to this query. 

 Rank processing: This part is used to return the top-k result in the huge 

number of answers. In this scenario the total result are 88 but we will work on 

the first 5 results (applying the framework on 5 or 88 results will be in the 

same way but we chose 5 results only for saving the time and number of report 

pages) which come up from executing the previous query as can be seen in 

figure 44. To do this let’s assume the following:  

 The user ranking function is F(id) = 2* year + mileage + price 

(monotonic)  

 The user is interested with finding k= 3 cars with highest score  

In the rank processing part in the framework (figure 42) can be seen that there is need 

to give scores for every preference. So there is need to specify score for the year, 

mileage and price. The score is between 0 and 1 (1 > score > 0) and the score will be 

based logically on the preference this mean that the car which is made in 2012 for 

example will have higher score than the car which is made in 2011 and also the car 

which have less price will have higher score than the car which have high price and so 

on.  

Table 54 shows sorted score list on the year and this list is based on figure 44. Here 

can be seen that car number 2 have the highest score because it is made in 2012 and 

the other cars have less scores because they are made in 2011. Table 55 shows sorted 

score list on the mileage and this list is also based on figure 44. In this list can be seen 

that car number 3 have the highest score because it is have the less mileage and car 

number 4 have the less score because it is have biggest mileage and so on with other 

cars. Table 56 shows sorted score list on the price and this list is based on figure 44. 

Here can be seen that car number 1, 3 and 5 have the highest score because they have 

the fewest prices and car number 4 have the fewest score because it is have the 

biggest price and so with other cars.   
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Now, the user ranking function and the numbers of cars that the user is interested on 

(k) are specified and the sorted lists of scores on preferences are ready so the next step 

in rank processing part is to define the suitable top-k algorithm which is appropriate 

for this scenario. Fagin’s algorithm (FA) which is presented on theoretical 

background chapter (figure 3) is one of the suitable algorithm in this scenario since 

there are sorted lists on the all preferences that the user are interested on and the 

random access can be done but since we work on 5 results only so the random access 

we do not need it but if we work on 88 results the random access will be very useful 

since it allow us to find the top-k result fast because the number of algorithm 

iterations will be skipped which is mean less time and cost.            

# Year Mileage Price F(id) 

3 0.8 0.9 0.9 3.4 

2 0.9 0.7 0.8 3.3 

1 0.8 0.8 0.9 3.3 

5 0.8 0.8 0.9 3.3 

4 0.8 0.6 0.7 2.9 

 

Related to table 57 which come up from appendix 1 and based on the user ranking 

function we can see that car number 3 is the top-1 and car number 1, 2 and 5 is top-2 

and finally car number 4 is top-3. The result that gets from the framework is logically 

more correct if the comparison with result which is shown in figure 44 is applied for 

these reasons:  

 Car number 3 is top-3 in the real life example in figure 44 but using the 

framework it is top-1 and it is correct because car number 3 is better than car 

number 1, 4 and 5 logically and also better than car number 2 based on the 

user ranking function. 

# Year 

  2 0.9 

1 0.8 

3 0.8 

4 0.8 

5 0.8 

# Mileage 

  3 0.9 

1 0.8 

5 0.8 

2 0.7 

4 0.6 

# Price 

  1 0.9 

3 0.9 

5 0.9 

2 0.8 

4 0.7 

Table 55: Sorted list on Mileage Table 56: Sorted list on Price Table 54: Sorted list on Year 

Table 57: Top-3 Result 



Results 

41 

 Car number 1 and 5 using the framework both cars have the same top-k 

which is top-2 and logically it is correct because they have the same year, 

price and mileage but in the real life example in figure 44 they are top-1 and 

top-5 which is not correct logically also.      

 Car number 4 is top-4 in the real life example which is logically not correct 

because car number 5 which is on the top-5 in the real life example is better 

than car number 4 but using the framework car number 4 is the last one 

because it is have the worst price and mileage compared with other cars in 

the same scenario.    

4.2 Managing Skyline Size 

Skyline query is used in many decision-making applications to find the skyline points 

in multidimensional datasets. Figure 1 show the size of average result sets for 

different number of dimensions (3, 5, and 10). Related to figure 1 found that on the 

law-dimensional space the skyline query has managed size since the there are few 

number of skyline points that is used to answer the user query. In the high-

dimensional space the skyline query does not offer any interesting intuitions sine they 

are too many numbers of skyline points which makes hard to find the best points to 

answer the user query since they are too many. Binary tree strategy can be used in the 

high-dimensional skyline query to minimize the number of skyline points in the high-

dimensional space.  

4.2.1 Skyline Frequency 

Skyline frequency is used to compare and rank the interesting skyline points based on 

how often they are returned in the skyline when different numbers of dimensions are 

considered. Moreover, skyline frequency requires computing the skyline points in 

each subset of dimensions so “Given a set of n-dimensional data points, the skyline 

frequency of a data point is determined by the 2n − 1 distinct skyline queries, one for 

each possible non-empty subset of the attributes”. Top-k skyline frequency point is 

more interesting in the skyline frequency since it can be dominated on fewer 

combinations of dimensions [17].  

 

The most straightforward approach to compute top-k frequent skylines is the 

following two-phase approach.  

 Compute the skyline points for each subspace by using an existing algorithm. 

 Compute the skyline frequency of each point p by summing up the number of 

subspaces for which p is a skyline.  

4.2.2 Binary Tree 

Binary tree is a tree of data structure which has at most two child nodes usually 

distinguished as "left" and "right". Nodes with children are parent nodes and the child 

nodes may contains references to their parents. Any node in this tree can be reached 

by starting at root node and repeatedly following references to either the left or right 

child. Figure 45 shows a simple binary tree. 
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Based on the binary tree and skyline frequency strategies, these strategies will applied 

to manage the size of skyline points in the high-dimensional skyline as the following: 

 Start from the high dimension as the root for the tree and go down in the tree 

until we receive the leaf node that have no children which represents the 

skyline with one dimension. Figure 46 show three-dimension skyline using 

binary tree strategy. 

 

  

 

 

 

 
 

 

Related to figure 46 we can see that the root of this tree represents the skyline with 

three-dimension. The second level of tree represents the skyline with two-dimension 

and the last level (leaf) represents the skyline with one-dimension.  

 

 Compute the skyline points for each dimension using one of the suitable 

algorithms that used to find the skyline points. Figure 47 shows the skyline 

tree with skyline points.  

  

{distance, price, age} 

{distance, price} {distance,age} {price, age} 

{distance} {price} {age} 

Figure 45: Binary Tree 

Figure 46: 3-Dimentions skyline using Binary Tree 
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 Calculate the skyline frequency of each skyline points in every dimension 

(subspace). 

Related to figure 47 that show the scenario where the user is interested in a good 

hotel. There are three important attributes distance, price and age where the user is 

interested in so if considers all these attributes so all these five hotels are skyline 

which does not help at all. In this case if the user wants to find the top one or top two 

etc. one idea is using the skyline frequency. So in this example since the hotel b is 

skyline in different five subspaces which is the most skyline frequency hence it like to 

be a good result since it is satisfy many different attributes that the user consider. 

Related to this example and based on skyline frequency we find that: 

 Top-1 skyline frequency: {b} 

 Top-2 skyline frequency: {b, a} 

 Top-3 skyline frequency: {b, a, c} 

The new strategy which is based on the binary tree and skyline frequency is useful in: 

 Narrow down the huge number of skylines points in the high-dimensional 

skyline to few number of skyline points which can be useful to give a good 

answer to the user query. 

 Allow the user to determine the number of top-k answers that want so this 

strategy can be used to bridge between the skyline query and top-k query.     

4.2.3 Scenario  

In this section the previous scenario which presented under section 4.1.3 will applied 

on the new strategy which is presented in the previous section (4.2.2).  

{distance, price, age} 

{a, b, c, d, e} 

{distance, price} 

{b, c} 
{distance, age} 

{a, b, c, d} 

{price, age} 

{a, b} 

{distance} 

{c} 

{price} 

{b} 

{age} 

{a} 

Figure 47: Skyline tree with skyline points 
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4.2.3.1 Applying the Scenario to the New Strategy   

In this section the new strategy parts is followed to find the best match answer of the 

query (top-k) in the huge number of skyline points. In this scenario the total result are 

88 but we will work on the first 5 results (applying the strategy on 5 or 88 results will 

be in the same way but we chose 5 results only for saving the time and number of 

report pages) which come up from executing the previous query as can be seen in 

figure 44. To do this let’s assume the following: 

 The five cars which come up from executing the previous query as can be seen 

in figure 44 are skyline points in 3-dimintional skyline. 

 The user is interested with finding k= 3 cars this means top-1, top 2 and top-3. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48 shows the 3-dimentions with our assumption that the five cars are skylines 

points in the 3-dimentions. Next step is to compute the skyline points for each 

dimension to do this the Block-Nested-Loop algorithm which is presented in the 

theoretical background chapter (figure 7) is used. After applying this algorithm which 

presented in appendix 2 found the following skyline points: 

 {Year, Mileage}  {2, 3}  

 {Year, Price}  {1, 2, 3, 5} 

 {Mileage, Price}  {3} 

 {Year}  {2} 

 {Mileage}  {3} 

 {Price}  {1, 3, 5} 

 

 

 

 

 

 

 

{Year, Mileage, Price} 

{1, 2, 3, 4, 5} 

{Year, Milage} 

 
{Year, Price} 

 

{Mileage, Price} 

 

{Year} 

 

{Mileage} 

 

{Price} 

 

Figure 48: 3-Dimentions skyline using Binary Tree 
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Figure 49 shows the skyline tree with skyline points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The next step is to calculate the skyline frequency of each skyline points in every 

dimension (subspace). Based on the skyline frequency found the following: 

 Car number 3 is the top-1 and logically this is correct since car number 3 is 

satisfied in many subspaces as can be seen in figure 49 and have the best 

mileage but in the real life example this car is top-3 which is not correct 

logically also.  

 Car number 2 is top-2 and logically this is correct since car number 2 is 

satisfied in many subspaces as can be seen in figure 49 and has the best year 

and this is the same with real life example. 

 Car number 1 and 5  is the top-3 and logically this is correct since car number 

1 and 5 is satisfied in many subspaces as can be seen in figure 49 and also 

have the same year, mileage and price but in the real life example these cars 

are top-1 and top-5 which is not correct logically also. 

 

{Year, Mileage, Price} 

{1, 2, 3, 4, 5} 

{Year, Mileage} 

{2, 3} 

{Year, Price} 

{1, 2, 3, 5} 
{Mileage, Price} 

{3} 

{Year} 

{2} 
{Mileage} 

{3} 

{Price} 

{1, 3, 5} 

Figure 49: Skyline tree with skyline points 
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5 Conclusion and discussion 
Top-k and skyline queries are important for several database and information retrieval 

applications including customer information system, decision making and data 

visualization. In this report the author has been able to present representations 
generated by deriving the top-k and skyline query specification for database and 

information retrieval. This operates in two stages. The first stage defines a framework 

that used to retrieve the top-k result to the user when the user is able to define the user 

ranking function. The second stage defines a new strategy that can be used to manage 

the size of skyline points and retrieve the top-k result to the user when the user is not 

able to define the user ranking function. This chapter present a brief discussion of the 

result achieved during this thesis and some future work were also given.   

 

5.1 Discussion of the results  

As stated in the introduction part of this work, the top-k query is concerned with 

giving the top-k query result based on the user’s ranks functions. Skyline query 

returns a set of points that are not dominated by other points in the given datasets and 

identify the most interesting objects to the user. This thesis work was about 

developing a framework that can be used to process the top-k query using the user 

ranking function and also new strategy that can be used to manage the size of skyline 

points and evaluate skyline query without using user ranking function. The author 

believes that the developed representations for the top-k and skyline query are not 

perfect but provides a good solution to have an efficient query evaluation and process 

and manage the size of skyline points. 

As mentioned in chapters 1 to direct the work, three research questions were the basic 

for this thesis; to build a framework to return the most relevant answer to the user; 

secondly to manage the size of skyline points in the high dimensional; and the third 

one to bridge between top-k and skyline query, the bridge mean here that the user can 

determine the number of results to retrieve in the skyline query which is come from 

top-k query specification. Here is shown the scope to which these questions have been 

addressed:  

To answer the first question, it was concluded a lot of algorithms that can be used to 

process the top-k query. The new framework based on these algorithms provides the 

steps how and when to use these algorithms to return the most relevant answer to the 

user and also provides a middleware of algorithms that contains all the top-k 

algorithms since in the big scenario sometimes there is need to use more than one 

algorithm to processing the query. The framework is applied in the real life scenario 

when the user can specify the user ranking function and found that framework result 

is more logically (the user can see the different between the two results by comparing 

between them) than the real life scenario result.  
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To the second question, it was concluded that skyline query in the high dimensional is 

useless sine there is a lot of skyline points (unmanaged size) can be appear as a result 

to the user as can be seen in figure 1 and this behavior makes the skyline query a weak 

concept and producing many incomparable result objects with increasing numbers of 

dimensions. The new strategy which used to evaluate skyline query without user 

ranking function and based on the skyline frequency and binary tree which presented 

on the result chapter can be a good solution to manage the size of skyline in the high 

dimensional since it is used minimize the number of skyline points and return the 

most relevant points to the user. 

Finding answer to the third question proved a bit tricky since the author need to use 

the advantage of top-k query and apply it on the skyline query to have a bridge 

between them this mean to allow the user in the skyline query to be able to determine 

the number of top-k most relevant answers to be returns.  The new strategy which 

used to evaluate the skyline query and presented in the result chapter can be used to 

find number of top-k skyline points that the user is determined. The strategy is applied 

on real life scenario when the user cannot specify the user ranking function and found 

that the results that come up from using this strategy are more logically (the user can 

see the different between the two results by comparing between them) than the real 

life scenario result.     

5.2 Future Work   

There are four main avenues for future work. First, the author plan to improve the 

performance of the framework that used to process top-k query. Second, the author 

would like to find a way to implement this framework to be used in the real life 

scenarios since this framework will be very useful when there are a huge number of 

exact match answers to be used. Third, the author plan also to improve the 

performance of the new strategy which is used to evaluate the skyline query when the 

user cannot specify the user ranking function. Fourth, the author would like also to 

find a way to implement this strategy to be used in the real life scenarios since this 

strategy will be very useful when there are a huge number of skyline points to be used 

and when the user need specific number of the most relevant answer to be returned.    
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7 Appendix 

7.1 Appendix 1: Applying Fagin’s Algorithm on the Scenario  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# Year 

  2 0.9 

1 0.8 

3 0.8 

4 0.8 

5 0.8 

Table A: Sorted list on Year 

# Mileage 

  3 0.9 

1 0.8 

5 0.8 

2 0.7 

4 0.6 

# Price 

  1 0.9 

3 0.9 

5 0.9 

2 0.8 

4 0.7 

Table B: Sorted list on Mileage Table C: Sorted list on Price 

# Year Mileage Price F(id) 

2 0.9    

3  0.9   

1   0.9  

# Year Mileage Price F(id) 

2 0.9    

3  0.9 0.9  

1 0.8 0.8 0.9 3.3 

Table E: Second Iteration Table D: First Iteration 

# Year Mileage Price F(id) 

2 0.9    

3 0.8 0.9 0.9 3.4 

1 0.8 0.8 0.9 3.3 

5  0.8 0.9  

# Year Mileage Price F(id) 

2 0.9 0.7 0.8 3.3 

3 0.8 0.9 0.9 3.4 

1 0.8 0.8 0.9 3.3 

5  0.8 0.9  

4 0.8    Table F: Third Iteration 

Table G: Fourth Iteration 
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7.2 Appendix 2: Applying Block-Nested-Loop Algorithm on 

the Scenario 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# Year Mileage Price F(id) 

2 0.9 0.7 0.8 3.3 

3 0.8 0.9 0.9 3.4 

1 0.8 0.8 0.9 3.3 

5 0.8 0.8 0.9 3.3 

4 0.8 0.6 0.7 2.9 

# Year Mileage Price F(id) 

3 0.8 0.9 0.9 3.4 

2 0.9 0.7 0.8 3.3 

1 0.8 0.8 0.9 3.3 

5 0.8 0.8 0.9 3.3 

4 0.8 0.6 0.7 2.9 

Table H: Fifth Iteration Table I: Top-3 Result  

# Year Mileage 

1 2011 3000 

2 2012 3112 

3 2011 2500 

4 2011 3348 

5 2011 3000 

Table A: Input List 

# Year Mileage 

1 2011 3000 

# Year Mileage 

2 2012 3112 

3 2011 2500 

# Year Mileage 

1 2011 3000 

2 2012 3112 

Table B: First Iteration 

Table E: Third Iteration 

# Year Mileage 

2 2012 3112 

3 2011 2500 
Table C: Second Iteration 

Table F: Skyline Points 

# Year Price 

1 2011 139 000   

2 2012 144 900 

3 2011 139 000 

4 2011 149 000 

5 2011 139 000 

# Year Price 

1 2011 139 000 

# Year Price 

1 2011 139 000 

2 2012 144 900 

3 2011 139 000 

Table B: First Iteration 

Table A: Input List 

# Year Price 

1 2011 139 000 

2 2012 144 900 

Table D: Third Iteration 

Table C: Second Iteration 
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# Year Price 

1 2011 139 000 

2 2012 144 900 

3 2011 139 000 

5 2011 139 000 

# Year Price 

1 2011 139 000 

2 2012 144 900 

3 2011 139 000 

5 2011 139 000 

Table E: Fourth Iteration Table F: Skyline Points 

# Mileage Price 

1 3000 139 000 

2 3112 144 900 

3 2500 139 000 

4 3348 149 000 

5 3000 139 000 

Table A: Input List 

# Mileage Price 

1 3000 139 000 

# Mileage Price 

3 2500 139 000 

Table B: First Iteration Table D: Skyline Point 

# Mileage Price 

3 2500 139 000 

Table C: Second Iteration 

# Year 

1 2011 

2 2012 

3 2011 

4 2011 

5 2011 

Table A: Input List 

# Year 

1 2011 

# Year 

2 2012 

Table D: Skyline Point  Table B: First Iteration 

# Year 

2 2012 

Table C: Second Iteration 
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# Mileage 

1 3000 

2 3112 

3 2500 

4 3348 

5 3000 

Table A: Input List 

# Mileage 

1 3000 

# Mileage 

3 2500 

Table B: First Iteration Table D: Skyline Point  

# Mileage 

3 2500 

Table C: Second Iteration 

# Price 

1 139 000 

2 144 900 

3 139 000 

4 149 000 

5 139 000 

Table A: Input List 

# Price 

1 139 000 

# Price 

1 139 000 

3 139 000 

5 139 000 

Table B: First Iteration 

# Price 

1 139 000 

3 139 000 

Table C: Second Iteration 

Table D: Third Iteration 

# Price 

1 139 000 

3 139 000 

5 139 000 

Table E: Skyline Points 


