
Abstract 
Data sorting is an important procedure with many applications in computer science. Thus, various methods that improve
the performance of sorting algorithms have been published. Most existing algorithms mainly aim to achieve a faster
processing time for sorting and require memory space to load all data in the set. Such designs can be a burden for small
devices that have relatively insufficient resources. This paper proposes a new sorting method for mobile devices that
finds the minimum and maximum values by reading only a portion of the data into memory, unlike existing methods that
read all data into memory. This phase is repeated as often as necessary in accordance with the size of the data set. The
min/max values that are determined are written at the start and end point of the data set in storage. As the process is
repeated, sorting can take place even if a small amount of memory is available, such as when using a mobile device. In order
to evaluate the proposed method, we implemented a prototype for a music recommendation system, and we conducted
comparative experiments with representative sorting methods. The results indicate that the proposed method consumed
significantly less memory, and we confirmed the effectiveness and potentiality of the proposed method.
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1. Introduction

Recently, various types of portable devices have gained
widespread use due to the rapid growth of information
technology. Previously many tasks had to be carried
out at fixed locations by using desktops equipped with
wired Internet, but these can now be performed on the
move. Users can access services through various appli-
cations, such as to exchange instant messages with their
acquaintances and to share their favorite images, with-
out any constraints over time and space. Most of these
applications manage and store various types of data1,2,

and they such data is often sorted to offer more useful
functions. For instance, address books, e-mail, docu-
ments, chat logs, and stored images are often presented
as lists. In addition, modern music players sort data to
record the number of times that a track is played and
recommend items according to the user’s favorite music.
The amount data to be sorted can increase dramatically
depending on the user’s propensity to use the device.

Recently, various types of portable devices have gained
widespread use due to the rapid growth of information
technology. Previously many tasks had to be carried
out at fixed locations by using desktops equipped with
wired Internet, but these can now be performed on the
move. Users can access services through various appli-
cations, such as to exchange instant messages with their
acquaintances and to share their favorite images, with-
out any constraints over time and space. Most of these
applications manage and store various types of data1,2,
and they such data is often sorted to offer more useful
functions. For instance, address books, e-mail, docu-
ments, chat logs, and stored images are often presented
as lists. In addition, modern music players sort data to
record the number of times that a track is played and
recommend items according to the user’s favorite music.
The amount data to be sorted can increase dramatically
depending on the user’s propensity to use the device.
In fact, most applications for mp3 music players man-
age additional information of about 2 Kbytes per song.
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Thus, if there are 1,000 music files, the size of the playlist 
increases to about 2Mbytes. Even though the computing 
power of portable devices is continually improving, the 
memory constraints and battery consumption are impor-
tant issues. Therefore, the size of the data may be a burden 
when using the device. As a result, we propose what may 
be a more efficient way to sort data on portable devices 
that have limited resources.
Data sorting is an important procedure in the field of 
computer science. Thus, various methods that improve 
the performance of sorting algorithms have been 
proposed. Most existing algorithms aim for a faster pro-
cessing time3, and while speed is an important factor, we 
have also taken note of the limited resources of portable 
devices. In general, well-known sorting algorithms, such 
as quick sort or shell sort, load all data from storage into 
memory and then conduct the sorting process. As it was 
described above, the amount of data may dramatically 
increase depending on the situation, and processing the 
data can be an excessive burden for portable devices. On 
the other hand, selection sort may be relatively slow, but 
it also allows sorting even when only part of the data 
has been loaded. Therefore, if the processing time can 
be improved, this method may be a suitable for portable 
devices that have small amounts of memory available.
In this paper, we propose a new sorting method that finds 
the min and max values by reading only a portion of the 
data unlike existing methods that read all data to memory. 
This phase is repeated as many times as necessary accord-
ing to the size of the data set. The min/max values that 
are determined are written in storage at the start and end 
points of the data set. As the process is repeated, the size 
of the data set is reduced by as much as n-2. Therefore, 
sorting can take place even if the amount of memory 
is small, such as in mobile devices, and the results after 
sorting can be obtained more quickly when compared to 
selection sort, which only finds the minimum value. 
We conducted various experiments to evaluate the pro-
posed method, and we compared the proposed method 
with existing representative methods in terms of the 
memory workload and processing time. In the series 
of experiments, the proposed method consumed sig-
nificantly less memory and also exhibited a reasonable 
processing time. These results indicate that proposed 
method is effective and has potential for use.
The remainder of the paper is organized as follows. In 
Section 2, we introduce the characteristics of the

existing representative sorting algorithms. In Section 
3, we propose a new sorting method that is designed to 
overcome the resource limitations of mobile devices and 
also describe a music player application that implements 
the proposed method. Section 4 explains the experi-
ments and the evaluation results for the proposed sorting 
method. Finally, Section 5 presents the conclusion.

2.	 Related Work
Quick sort is a well-known traditional sorting algorithm 
that was developed in 1960 by T. Hoare4,5. It is a repre-
sentative divide and conquer algorithm that first divides 
a large array into two smaller sub-arrays and recursively 
sorts the sub-arrays. It makes O(n log n) comparisons 
to sort n items on average6. The advantage of using this 
method is that it has a high processing speed. The method 
is often faster in practice than other O(n log n) algorithms, 
and the pseudo code to sort elements i through k (inclu-
sive) of an array A can be expressed compactly as follows7:

quick sort(A, i, k):
if  i < k
      p  := partition(A, i, k)
quicksort(A, i, p – 1)

      quicksort(A, p + 1, k)

Many researchers have proposed a number of variant 
algorithms that improve the performance of this method. 
Bentley and McIlroy8 show how to mitigate the worst 
case by making a careful selection of a pivot. They pro-
pose using a dynamic method based on the array size 
instead of picking the first or a random pivot. After many 
years, Yaroslavskiy9 proposed the dual-pivot quicksort to 
improve both the average and the worst cases by picking 
two pivots instead of one pivot10. In addition, there are 
many methods, such as three-way radix quicksort (which 
is also known as the multikey quicksort) that combines 
some of the characteristics of radix sort and quick sort11. 
Williams and Floyd proposed heapsort, a classical sort-
ing algorithm that provides good performance12,13. The 
method uses a heap, which is a simple data structure, to 
efficiently support the priority of the data set. The method 
starts by constructing a heap, and once the heap is con-
structed, the element in the first position of the array will
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be defined as the maximum and can be swapped into 
its correct position. The method can be thought of as an 
improved selection sort. Although in practice it is some-
what slower on most machines than a well-implemented 
quicksort, it has the advantage of having a more favor-
able worst-case O(n log n) runtime14. In addition, it has 
many variant algorithms, such as bottom-up heapsort15 
and weak-heapsort16,17. 
These methods mainly aim for a faster processing time 
and provide good performance. However, they require 
a memory space to load all of the data set that is to be 
sorted. As the services provided by applications continue 
to diversify, the data that is managed can often grow 
enormously. This can be a burden for small devices that 
have relatively insufficient resources. Moreover, when the 
method is implemented with an array type, the array size 
should be designated as the maximum in the light of the 
fact that the amount of data may become more massive.
Although the selection sort algorithm has a lower pro-
cessing time with O(n2) time complexity, it can perform 
ordering without loading all data into memory at the 
same time. The method looks for the minimum value in 
a list and interchanges the first element with it. Then it 
looks for the second minimum value in the list excluding 
the first element, which was found in the previous step. 
This process is continued until the list is arranged. The 
pseudo code for the method can be expressed as follows:

classical selection sort(A, n):
for  i ← 0  to  n – 1
// where n is the size of the data set
do
       min_val ← A[ i ]
       for  j ← i + 1  to  n – 1
       do
              if  A[ j ] < min_val
                    min_val ← A[ j ]
       done
       if  min_val  !=  A[ i ]

                exchange A[ i ] min<->val
done

The method is notable for its simplicity. It can also sort 
if even one element is loaded from the list, and all of 
the data to be sorted does not load into memory at once 
because it finds a minimum value. If the processing time

improves, it may be suitable for portable devices with lim-
ited resources.

Figure 1.  Conventional methods should read the all data 
to be sorted into memory.

Researchers have proposed many algorithms to improve 
thecf the list by a factor of 2, eliminating some loop 
overhead without actually decreasing the number of com-
parisons or swaps. It more often refers to a bidirectional 
variant of bubble sort.
Our ideas for the proposed system also began by finding 
the minimum and maximum values at the same time, and 
we made an attempt to improve the existing algorithm in 
order to suit devices with limited resources.

3.  Proposed System
The proposed method is designed to perform efficient 
sorting in small devices that have relatively insufficient 
resources. The core idea is very simple. The method reads 
only one element from a data list and sets up the data as 
the initial minimum and maximum values. Subsequently, 
it finds actual minimum and maximum values by com-
paring the initial values with the remaining elements. The 
values that are found are exchanged with each data at the 
start/end point of the list, and this process is repeated for 
the remaining elements until all data is sorted.

Figure 2.  Comparative case for existing selection sort and 
proposed method.
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The pseudo code for the method is shown as follows:

proposed selection sort(A, n):
for  i ← 0  to  n – 1
// where n is the size of the data set
do
       max ← min ←  i 
       for  j ← i + 1  to  n – 1
       do
              if  A[ j ] < A[ min ]
                    min ← j
              else if  A[ j ] > A[ max ]
                    max ← j
       done
       if  min !=  i

                exchange A[ i ] <-> A[ min ]
        if  max !=  n – 1
                exchange A[ n - 1 ] <-> A[ max ]
        n ← n - 1
done

The algorithm needs size-1 comparisons in a manner 
similar to selection sort. However, the actual process-
ing time can greatly improve due to decrease in size for 
the data set and for the number of times each step is 
repeated. Figure 2 presents a comparison between the 
existing selection sort, which finds the minimum value 
and exchanges it with the value of the first element, and 
the proposed method.
The proposed method allows reading only one instead 
of all entities at once, which would be loaded into mem-
ory by using the min/max value. In order to explain the 
efficacy of the method, we have designed a music recom-
mendation system that adopts such functionality.
When the user selects the ‘recommend’ button, the system 
executes a function that rearranges the playback order 
according to the number of times that a track has been 
played. This application produces a personalized playlist 
of music that reflects the user’s preferences. During the 
initial operation, the system reads the information from 
mp3 music files within the specified path and makes a 
playlist. As in most existing music player applications, the 
playlist conforms to the XML format and includes various 
description of the recorded song.

The file includes not only basic information, such as the 
song title, artist, and genre of the music, but also a unique 
number to manage the song, path, and play/skip count. 
We use the line number of the song in the playlist file as 
a unique number. The skip count may be considered as 
negative feedback from the user for the recommendation. 
The size of the data that is managed is of about 1–2Kbytes 
per song. As mentioned above, if about 1,000 songs are 
managed, the size of the playlist file may grow to about 
2Mbytes. Figure 3 shows a sample of the structure of the 
playlist that has been determined.

<song>
       : 
</song>
<song>

<key> ID</key>
<integer>102</integer>
<key>Name</key>
<string>I’m Yours </string>
<key>Artist</key>
<string>Jason Mraz</string>
<key>Location</key>
<string>file://localhost/....</string>

:
<key>PlayCount</key>
<integer>23</integer>
<key>SkipCount</key>
<integer>2</integer>

</song>
<song>
       :
</song>

Figure 3.  Playlist sample.

Figure 4.  Playlist sorting.
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The information for the song used in the sorting process 
is the song’s ID (line number, index) and play count. The 
proposed system reads the first element of the playlist, 
sets the initial index, and the min/max variables. Then, 
the system loads the next element, compares it with the 
min/max variables, and renews the variables if necessary.

After all of the elements have been checked, and 
the actual min/max values are found, the system 
exchanges the first/last elements in the list with the ele-
ment that has the value that was found. The size of 
the list is reduced by as much as a factor of 2, and this 
process is repeated when the size of the list is zero.
As a result, although the proposed method executes 
many comparison processes, it is able to sort even if 
only four integer variables and one structure variable 
are to be recorded as an element in the swap process.

4.  System Evaluation
A desktop computer (Intel Core i5 CPU 750, 2.67GHz, 
2GB RAM, Linux operating system) was used to com-
pare the performance of the proposed sorting method 
to that of existing methods. We also implemented 
a prototype for the music recommendation system.
For the first experiment, we measured the processing 
time by changing the size of the data set. Randomly gen-
erated integers were used as data for sorting, and the time 
was calculated as the average speed of 10 repetitions.
The processing times for the bubble, insertion, and selec-
tion algorithms were very slow, and those of the shell 
and quick algorithms were remarkable, as expected. The 
quick sort algorithm exhibited the fastest speed, but its 
relative performance changed significantly for the worst 
case, e.g., for the reverse order. Moreover, sometimes 
the sorting process did not run because the increase in 
data resulted in memory overflow since the method is 
generally implemented as a type of recursive function.
The processing time for the proposed method was 
slower than that of the shell or quick methods. However, 
when compared to the results of selection sort, it is rea-
sonable if the lower memory footprint is considered. 
Table 1 and Figure 5 show a comparison of the results.
Next, we sorted the playlist and compared the results 
of the proposed system with those of the selec-
tion and quick algorithms. The time was calculated 
like in the preceding tests as the average speed for 
10 repetitions. The proposed system exhibited faster

results than the existing selection sort algorithm.

Figure 5.  Comparisons of processing time (integer).

Figure 6.  Comparisons of processing time (playlist).

The processing time for the proposed method was 
slower than that of the shell or quick methods. However, 
when compared to the results of selection sort, it is rea-
sonable if the lower memory footprint is considered. 
Table 1 and Figure 5 show a comparison of the results. 
Next, we sorted the playlist and compared the results 
of the proposed system with those of the selec-
tion and quick algorithms. The time was calculated 
like in the preceding tests as the average speed for 
10 repetitions. The proposed system exhibited faster 
results than the existing selection sort algorithm.
The second experiment compared memory consump-
tion. To this end, we wrote a simple script (i.e., ps aux 
| grep ‘./sort’ >> mem.txt) to continually monitored 
changes. The results for the existing methods changed 
as the size of the data set changed because the data 
were loaded by using the dynamic allocation. In con-
trast, the space complexity of the proposed method is 
O(1). As a result, we confirm that the proposed method 
can perform data sorting by using only significantly 
less memory. Table 1 shows the experiment results.
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