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Abstract. 

With the recent advancements in location-based services, 

many online and offline spatial games have been developed. 

In spatial games, players use certain terrain features or game 

maps of actual urban games, survival games, or virtual game 

spaces and play as either red or blue players in the game. The 

blue players compete against red players and engage in war 

games when running into red players. The blue players can 

increase their odds of winning the game if they can identify 

the locations of nearby red players and the risks they pose in 

advance. In this paper, we propose an application for 

searching red players with low risk to increase the odds of 

winning the game through a dynamic skyline query. A 

dynamic skyline query is an extension of the skyline query, 

which is a query scheme for multiple attributes. Conventional 

studies have demonstrated the application of skyline queries 

in spatial games; however, there are certain shortcomings 

regarding the search time. These shortcomings were resolved 

using a dynamic skyline query, and a simulation showed that 

such a query is fast when searching for surrounding red 

players. 
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INTRODUCTION 

Computer games have advanced from being single-player 

games into network-based war games. Currently, there are 

many multiplayer games where multiple players can 

participate in a single game simultaneously. With 

improvements in the mobile environment and map services, 

location-based spatial games have appeared and have been 

mainly used in war games such as Gears of War [1] and first-

person shooter (FPS) games such as Overwatch [2]. 

 

Spatial games are played by identifying red and blue players 

on a map. In particular, blue players compete against red 

player and engage in war games when running into red 

players. If a blue player obtains information on the 

surrounding red players in advance, it can influence the 

outcome of the game. The odds of winning a spatial game 

increases when choosing easier opponents by identifying the 

locations and risks posed by opponents, that is, the game 

level. 

 

Skyline queries have been conducted in spatial or mobile 

games to search for opponent gamers or safe routes for 

finding a nearby location with high odds of winning the game 

[3]. The use of a skyline query to search for data objects by 

comparing two or more attributes in a database has been 

studied. However, it is currently used to filter data in a 

network [4] or database [5]. In spatial games, the query point 

at the center of a search should be moved because each player 

searches for other players and participates in war games while 

moving. 

 

This study applies a dynamic skyline query to search for 

opponents by identifying the surrounding red players in 

spatial games. That is, this study aims to verify a new 

applicability to improve the odds of winning games by 

applying a dynamic skyline query to the game area.  

 

This paper contributes to spatial games in the following ways. 

▪ It quickly searches for opponents near a moving player 

in spatial games. 

▪  It determines nearby, low-risk, and high-priority war 

opponents from the surrounding opponents. 

▪ It describes the development of a new application area 

for dynamic skyline query. 

 

 

BACKGROUND INFORMATION 

We study the application of dynamic skyline queries to search 

for nearby low-risk red players in a spatial game. This section 

briefly describes two schemes: skyline query and dynamic 

skyline query. 

 

Skyline Query 
The skyline query was proposed by Stephan Borzsonyi [6] in 

2001 to improve the query performance of multi-attribute data 

in a database. The search for multi-attribute data in a database 

uses sub-queries with SELECT statements. The worst 

performance is O(n^m) because the sub-query iterates m 

searches for each attribute. 

 

A skyline query simultaneously determines two or more 

attributes. For example, if the criteria for a user’s preferred 

hotel are the distance from the beach and price, then it 

searches for a cheap hotel that is close to the beach. In this 

way, a skyline query improves search performance by 

significantly reducing the number of search objects when 

searching for objects having two or more attributes. 

 

The definition of a skyline query is as follows. 

 

Definition: Skyline query. 

If data objects p1 and p2 having two-dimensional 

attributes are elements of dataset P, and p1 ≼ p2 for two 

attributes or p1 <p2 for at least one attribute, then p1 

dominates p2. Here, the dominant object p1 is included in 

the skyline query result. 
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As described in the definition, if object a is under more 

favorable conditions than object b for each attribute, then a 

dominates b. Because the dominated data b are removed, the 

target data for a search are reduced as the number of data 

objects in the dominated region are removed. 

 

A detailed description of the skyline query is as follows. In 

general, the quadrants are divided into four spaces by drawing 

a cross symbol on a center point. The first quadrant is an 

upper-right space and the counterclockwise quadrant is the 

second quadrant. 

 

When the space is divided into four quadrants based on c, as 

shown in Figure 1, the objects (a, b) in the first quadrant are 

dominated by c because they have larger values than c in 

terms of distance and price. These data are excluded from the 

search. However, the objects in the second and fourth 

quadrants are not completely dominated by c with two 

attributes and should be re-evaluated because they have a 

larger or smaller value than c. For example, f in the fourth 

quadrant has a larger distance but lower price than c, and thus, 

it is not considered to be completely dominated by c. Instead, f 

is dominated by an object e as the comparison proceeds. 

Consequently, the final skyline objects are {c, e, h, j}. 

 

 
Figure 1: Skyline query and objects in a dataset 

 

Dynamic Skyline Query 

A dynamic skyline query can search for cheap and nearby 

hotels based on the changes in position of the user in a mobile 

environment. This differs from the static query point of a 

skyline query. That is, all objects in the second, third, and 

fourth quadrants should be moved to the first quadrant to 

evaluate the surrounding objects [7]. For example, if the query 

point of a user moves to a position that is 1 mile away, as 

shown in Figure 3, it is not easy to reasonably determine the 

objects (a, c, f, e, h, i, j) in terms of distance and price. This is 

because the objectivity of an evaluation is low compared to 

when all objects are in the same quadrant. Therefore, a 

dynamic skyline query executes a skyline query after moving 

the objects to the first quadrant of query point q. This is done 

to fairly compare the objects in each quadrant as the query 

point moves. 

The differences between a skyline query and a dynamic 

skyline query for evaluating the surrounding objects of a 

gamer are analyzed in the next section. 

 

 
Figure 2: Dynamic Skyline query 

 

 

SEARCHING FOR SURROUNDING PLAYERS 

This section provides an analysis of the two skyline query 

schemes to search for surrounding players in spatial games 

while a player is moving. It also describes the advantages of 

dynamic skyline query by comparing a skyline query with a 

dynamic skyline query. 

 

Spatial Game and Skyline Query 

In spatial games, searching for low-risk players from 

surrounding players while moving relies highly on the search 

time cost. In addition, the search for low-risk and nearby 

objects from the current position requires two comparison 

operations and demonstrates high complexity. A skyline query 

improves search performance by building a quadrant based on 

the query point and eliminating attributes with values higher 

than that of the query point from the search targets. 

 

The process for determining the surrounding red players when 

using a skyline query is shown in Figure 3. The skyline query 

always uses a 90° range to the right, namely, the first 

quadrant, as the evaluation area based on the origin. 

Therefore, each quadrant should be searched in the 

counterclockwise direction to evaluate all surrounding objects. 

The skyline objects in each quadrant are {b, a, f, e, h, i}, as 

shown in Figure 3. 

 

Figure 4 shows a skyline query algorithm. First, select an 

arbitrary object ob1 from the data read from a disk and 

calculate the center coordinates (line 01–04). Calculate the 

coordinates of the quadrants based on the center coordinates, 

and eliminate all data of obj1 in the first quadrant from the 

search targets (lines 05 and 06). If there are no data 

dominating obj1, then obj1 is registered as a skyline 

candidate, and all non-dominated objects are stored in 

candidates_sky (lines 07 and 08). Skyline candidate objects 

also include objects of the second or fourth quadrant that 

cannot yet be determined as being dominated or not. 

Candidates are compared again, and skyline objects are 

obtained by storing objects that are not completely dominated 

into a skyline_set (lines 10–14). 

 

0.5

30

60

90

120

150

P
ri

ce
($

)

Distance (miles)

a d

c

g

f

e

b

i

jh

q

0
1 1.5 2 2.5

100

P
ri

ce
($

)

Distance (miles)

q

0
1 2



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 2 (2018) pp. 1496-1500 

© Research India Publications.  http://www.ripublication.com 

1498 

 
Figure 3: Skyline objects from first to fourth quadrants 

 

The skyline query maintains low complexity by significantly 

reducing the search targets based on the dominant 

relationship. However, the calculation time increases because 

one more evaluation is conducted by integrating skyline 

objects in each quadrant. Table 1 summarizes the differences 

from the query point for searched objects in the skyline query. 

In this way, the final target should be selected by re-

evaluating the skyline objects of each quadrant based on the 

risk and distance from the location of the player. 

 

Algorithm-1: Skyline Query 

01: Read data from disk; 

02: Do 
03:    Select an obj1 randomly; 

04:    center.x <- obj1.x; center.y <- obj1.y; 

05:    Calculates of 1, 2, 3, and 4-quadrant.x and quardrant.y for  
identifying the quadrants; 

06:    Delete all data from 1st quardrant of obj1;  

07:    if any objects does not dominate obj1; 
08:       candidates_sky <- obj1; 

09: Loop 

10: Do 
11:    Compare all data in candidates_sky; 

12:    if there are no objects each other in dominance relationship; 

13:    skyline_set <- obj1; 
14: Loop 

 

Figure 4: Skyline query algorithm 

 

Table 1 shows the absolute values of the differences between 

query point q and each object. Although the skyline objects 

are searched in each quadrant, the dominant relationship must 

be determined based on the moving direction of each object. 

Therefore, comparison operations between the skyline objects 

are required. The skyline objects after a recalculation based on 

the absolute value are {a, b, f}. The first and second quadrants 

contain objects for a skyline query, but there are no objects in 

the third or fourth quadrants. This is because e, h, and i are 

dominated by b in the relation f ≼ h, b ≼ e, and b ≼ i. As a 

result, the objects of each quadrant might not be included 

because the absolute value is evaluated based on the 

difference from q. 

 

Spatial Search of Dynamic Skyline Query 

To evaluate all objects, the dynamic skyline query moves the 

surrounding objects to the first quadrant based on the direction 

toward which the query point moves. This solves the delay 

problem that occurs when the skyline query collects and re-

evaluates the skyline objects after first evaluating the objects 

in each quadrant. In this way, opponents in spatial games can 

be quickly evaluated because they are based on the moving 

position of the player. 

 

Table 1: Skyline objects in each quadrant and their 

differences from query point q 

 
Quadrants Skyline Objects ABS. from q (1,70) 

1 b (1.3, 80) b (0.3, 10) 

2 a (0.9, 40), f (0.8, 100) a (0.1, 70), f (0.2, 30) 

3 e (0.5, 40) e (0.5, 30) 

4 h (1.5, 30), i (2, 55) h (0.5, 40), i (1, 15) 

 

In a dynamic skyline query, all objects in each quadrant are 

moved to the first quadrant, allowing a player to search for 

opponent gamers while moving, as shown in Figure 5. The 

moved objects are evaluated in the first quadrant, and the 

skyline objects are {a, b, f, i}. 

 

 
Figure 5: Moving objects to the first quadrant in dynamic 

skyline query 

 

The difference between the dynamic skyline query and the 

skyline query algorithm, shown in Figures 6 and 3, is moving 

the objects in each quadrant to the first quadrant. All objects 

are moved to the first quadrant, and just like with the skyline 

query, objects are searched based on query point q. 

 

Algorithm-2: Dynamic Skyline Query 

01: Read data from disk; 

02: i = 2; 

03: Do 
04:    Move objects in Q-i to Q-1;  

05:    i++; 
06: Loop 

07: ...... //Same codes with Algorithm-1  

 

Figure 6: Dynamic skyline query algorithm 

 

 

PERFORMANCE EVALUATION 

This section describes a simulation of the skyline and dynamic 

skyline queries and applies it to spatial games.  

 

 

0.5

30

60

90

120

150
P

ri
ce

($
)

Distance (miles)

a d

c

g

f

e

b

i

j
h

q

0
1 1.5 2 2.5

Moving

Q-1Q-2

Q-3 Q-4

0.5

30

60

90

120

150

R
is

k 
le

v
el

(%
)

Distance (miles)

a d

c

g

f

e

b

i

j
h

q

é
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Simulation Environments 
We created 100 K virtual objects using a spatial data 

generator [8] that contains the location of the gamers. A 

uniform distribution and a Gaussian distribution are used to 

measure the performance of the virtual data according to the 

distribution of the data, as shown in Figure 7. 

 

The simulation environments are as follows. The spatial 

objects used are the real and synthetic data. The real data were 

obtained from building locations in Korea and synthetic data 

were generated by a tool. The distribution of real data is not 

uniform; however, the synthetic data follow uniform and 

Gaussian distributions. The spatial objects are managed with 

R-tree because they have two-dimensional data of location. 

 

Table 2: Simulation environments and data summary 

Category Real Data Synthetic Data 

Spatial objects 65,536 100,000 

Distribution Skewed Uniform, Gaussian 

Index R-tree (with risky level attributes) 

Region Seoul, Korea Virtual space 

Dev. Language C++ 

Schemes Skyline Query, Dynamic Query 

System 
Linux (Fedora), RAM 8 GB, Intel Xeon 

3.2 GHz 

 

Table 3 shows the conditions for generating Gaussian 

distribution data. The spatial objects are generated by setting 

the entire space to 100 K. The mean and sigma are set to 50 

and 30 K, respectively. The dataset generated is two-

dimensional spatial data, because the gamers are located on a 

map or within a geographic space in a game. The space size is 

a virtual space. In Table 3, boxes are spatial objects, and the 

size is randomly generated based on 19,372 seeds. 

 

Table 3: Data generation conditions for Gaussian distribution 

 

World Settings: 

Dimensions [1..3]: 2 
Size [1..100000, 1..100000]: 100000, 100000 

Generator Settings: 

Boxes created [1..100000]: 100000 

High ranges for the box size [1..99999, 1..99999]: 20, 30 

Variable size of boxes: Yes 
Non-zero size of boxes: Yes 

Distribution: Gauss (Mean: 50000.00, Sigma: 30000.00) 

Seed [1..65535]: 19327 

 

R-tree [9] indexes are used for spatial objects, and each node 

is adjusted to include the risk. This simulation used building 

data in Seoul [10] to compare the performance when using 

real spatial data (Figure 8). The dataset used in the experiment 

is divided into 20 K units. The search time denotes the 

average values performed 10 times for each unit. Here, the 

components of the data are changed by composing 10 groups 

of 20 K data differently each time. 

 

Search Performance of Skylines 
The search performance must be evaluated to ensure the speed 

of the game and compare the results between a skyline query 

and a dynamic skyline query.  

 

(a) Uniform 
 

 

(b) Gaussian 

 

Figure 7: Synthetic dataset generated by spatial data 

generator in uniform and Gaussian distributions 

 

 

 

Figure 8: Spatial data of buildings in Seoul, Korea 

 

Figure 9 shows the measured time taken to search for skyline 

objects in a uniformly distributed dataset of synthetic data. A 

dynamic skyline query shows a faster processing time than a 

skyline query, as shown in Figure 9. A skyline query requires 

a longer search time than a dynamic skyline query because it 

executes a skyline query in each quadrant when searching for 

objects, and then executes a skyline query one more time. The 

point at which the search time begins to increase is 80 K. 

 

Figure 10 shows the search time of skyline objects in a 

Gaussian distribution. There is no difference in the search 

time up to the initial 20 K. However, it takes longer as the 

amount of data increases. That is, a Gaussian distribution 

shows a performance degradation of approximately 0.23 and 

0.25 for a skyline query and a dynamic skyline query, 

respectively, compared with a uniform distribution. This 

reflects that the data are concentrated in a Gaussian 
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distribution. However, a skyline query takes more time than a 

dynamic skyline query because it searches for skyline objects 

in each quadrant and then re-calculates them for all of the 

quadrants. 

 

 

Figure 9: Search time for a uniform distribution 

 

A search using real data shows a faster search time compared 

to using the virtual experimental data, as shown in Figure 11. 

This reflects the sparsely distributed buildings in Seoul, as 

shown in Figure 8. 

 

The experiment showed that a dynamic skyline results in a 

faster search performance than the existing skyline for both 

virtual and real data. A skyline query influences the search 

speed because it first obtains the skyline objects in each 

quadrant and recalculates all of them again. Contrary to this, a 

dynamic skyline is relatively fast because it moves spatial 

objects to the first quadrant, and then searches for the skyline 

objects in a single operation. Although it takes time for 

dynamic skyline to move the objects from the second, third, 

and fourth quadrants to the first quadrant, this has little effect 

on the overall search performance. 

 

 

Figure 10: Search time for Gaussian distribution 

 

 

CONCLUSION 

The dynamic skyline query applied in this study showed a 

faster search than a skyline query when searching for 

surrounding gamers. This helps increase the odds of winning a 

game by quickly identifying low-risk opponents that are 

nearby. In particular, a dynamic skyline query can search for 

surrounding gamers more comprehensively than a skyline 

query, thus reducing the search time and achieving a high 

accuracy search for skyline objects. 

 

This study proved the feasibility of a new type of game search 

by applying the skyline method, which is a search scheme for 

data with multiple attributes in a game area. In future, we will 

analyze and evaluate more advanced search methods by 

expanding various types of skyline queries into different 

games. 

 

 

Figure 11: Search time for real dataset 
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