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ON SOME PROPERTIES OF BUBBLE SORT
WITH LOGIC CONTROL OF ORDER FOR
LARGE SCALE DATA SETS

Summary. Sorting is a one of very important topics for computer scien-
ce. In the modern computing, computers must operate on bigger and bigger
amounts of data. Therefore we try to analyze modified version of bubble
sort algorithm and its properties for large data sets. Article aims to show
and analyze the possible behavior of bubble sort with logic control of order
for large scale data sets.

O WELASNOSCIACH ALGORYTMU SORTOWANIA
BABELKOWEGO Z FUNKCJA KONTROLI
ULOZENIA ELEMENTOW DLA DUZYCH ZBIOROW
DANYCH

Streszczenie. Sortowanie jest jednym z bardzo waznych tematéw
wspolczesnej informatyki. We wspolczesnej informatyce komputery musza
pracowaé¢ na coraz wigkszej liczbie danych, dlatego staramy sie analizo-
wacé jeden z podstawowych algorytmoéw sortowania i jego wilasciwosci dla
duzych zbiorow danych. Artykul ma na celu przeanalizowanie mozliwego
zachowania badanej wersji algorytmu z funkcja logicznej kontroli utozenia
dla duzych zbioréw danych.
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1. Introduction

In the literature [1,2,10,11,16] are presented some interesting versions of classic
bubble sort algorithm. However classic interpretation of bubble sort algorithm does
not have the possibility of intelligent control over the arrangement. Control of the
content accelerates the process of sorting. To control the order was introduced
a special boolean variable. Having information about ordering, the process will be
shorter. The analysis presented in Section 3. will answer how it contributes to the
acceleration of the speed of the algorithm and how it determines it’s impact on the
complexity, which is important for large data sets. Let us now present examined
version of algorithm with logic control of order.

2. Bubble sort with logic control of order

Modifications of this method and the references to its interesting derivatives
are also described in [1,2,10,11,16]. However, the authors of [5,9,12,14,18] show the
possibility of constructing adaptive algorithms to improve sorting and data mining.
At the same time in [3-7,12] are presented interesting solutions for special data
structures. Bubble sort algorithm is converting elements in the following pairs.
The procedure swaps compared elements. The biggest one is moved to the end
of sequence in following iterations. Therefore, in subsequent iterations, each time
we consider decreased sequence. A special bubble sort with logic control of order
is also known from [1,2,10,11, 16]. Many interesting implementations of sorting
methods and their derivatives for parallel systems are presented by the authors
of [5,8,12-15,18]. Let us now present the examined bubble sort algorithm wit logic
control.

Our implementation of examined version was programmed in CLR standard for
MS Visual Studio. In Figure 2 is presented a block diagram of examined algorithm.

2.1. Time complexity

Let us now talk about theoretical time complexity of bubble sort with logic
control of order. If we sort worst-case, which is the reverse order of arrangement
of the elements, at each step we swap all possible elements. In this case theoretical
time complexity is equal to classic version described in [17]. We can also talk about
the complexity of the best case, in which we only compare n — 1 times. Time
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complexity is then ¢¥(n) . However most interesting is average time complexity for
all input sequences. Let us denote the number of comparisons by t = n — k, where
k ranges from 1 to n — 1. If the sorting stop after checking all the elements then
k = mn — 1. It is important to remember that there is exactly one such sequence.

Start
Load data
Set starting index 4
1 Set logic variable {1 = true
2 if Inaded sequence is sorted then
‘ Return to 6
else
Set lgic variable t1 = false
Return to 3
end if
3 if check if element of index i is lnst one then
‘ Return to 6
else
‘ Return to 4
end if
4 Start sorting
Take next element with index j to compare
if element with index j 15 not the last one then
if next element s bigger then
Swap elements
Set logic variable ¢1 = true

else
| Return to b

end if

Increase index j + 4
Return to 2

else

Increase index 7 4 +4
Return to 1
end if
6 Write sorted sequence
Stop

c

Fig. 1. Bubble sort algorithm with logic control of order

Rys. 1. Algrytm sortowania babelkowego z funkcja kontroli ulozenia elementéw



50 M. Wozniak, Z. Marszatek

( sorth(array<int=" a) )
v

n= a->Length;
i=0:t1=true;

X
v

j=1:t1=false;

If,
a[j-1]=a[j] ?

YES

temp=al[j];

a[jl=alj-1]:

afj-1]=temp; NO
tl=true;

Fig. 2. The block diagram of implemented bubble sort algorithm with logic control of

order
Rys. 2. Schemat blokowy zaimplementowango algrytmu sortowania babelkowego z funk-

cja kontroli utozenia elementéw
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Therefore similarities of elements permutations can be approximated by a special
linear function. In Figure 3 there is shown theoretical approximation of a linear

function.

Fig. 3. Possible approximations of probability permutations of the elements in the con-

trol function
Rys. 3. Pogladowy rysunek przyblizenia warto$ci prawdopodobienstwa permutacji ele-

mentéw w trakcie dzialania funkcji kontrolnej
Let us explain, origin for the approximation in Figure 3.

Theorem 1. Average bubble sort time with logic control of order is

Vavg(n) = ipn(k) idy (k), (1)

where n means the number of sorted elements, id, (k) — number of actions we do

to sort a sequence, p,(k) — probability to stop sorting in k-th iteration.

Proof. Formula for approximation by a linear function in general form is
y=azx+b. (2)
In examined example important are assumptions (3) and (4)

fln—1)=1, (3)
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Substituting (3) into (2) we have formula (5) for coefficient b
b=1-—a-(n—-1). (5)

Let us now set formula for coefficient a. The total amount of all the events bre-
aking bubble sort algorithm with logic control of order is equal to the number of
permutations in n sequence according to the formula

i—1

Z(a-i—i—b):n!. (6)

n—1
Substituting value of b from formula (5) into (6), we have

i—1

Z(a-i—l—l—a-(n—l)):n!. (7)

n—1

Then performing further mathematical operations described by formulas (8)—(10),
we can determine the final form of a factor

i(a-i+1—a~n+a)):i(—a-(n—i—l)—l—l). (8)
n—1 n—1

Thus, there is the following equality

i1 i—1
—a Z(n—z—l)—i—Zl—n' 9)

Setting the sum in formula (9), we obtain the general form

_a.%(”—l):m—nﬂ. (10)

Thus, we can finally write a formula for the coefficient of linear approximation

2-(nl—n+1)
n—2)-(n—-1) (11)

a =

At the same time finally putting the formula (11) into equation (5), we obtain the
form factor b designated as an approximation

2-(nl—n+1)

b=1+ ————=. 12
My (12)
After some mathematical operations the final form of coefficient b is
2.1 —
b= snn (13)

n—2
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Fig. 4. Approximation of probability of permutations in the control function

Rys. 4. Przyblizenie wartosci prawdopodobienstwa permutacji elementéw w trakcie dzia-
tania funkcji kontrolnej

Approximation of stop probability for n = 11 elements sequence shows Figure 4.
Thus, probability of stop in k-th step of n sorted elements can be described

a-k+b
(k) = - (14)
Moreover the number of actions is
—14+k)-(n—k
idy(k) = MZLER) (= k) (15)

2
Thus, the average sort time and thus theoretical time complexity of the bubble
sort with logic control of order describes formula

Dung(n) = S palk) - idu(R), (16)
k=1

this ends our discussion. [l

Theoretical assumptions were examined and the results are presented in Sec-
tion 3.

3. Experimantal results

Bubble sort with logic control of order was examined for the level of 1000000
elements. Above this number of elements, discussed method can take a considerable
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amount of time, even if we apply the control function. Research results were plotted

in Figures 5—6.
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Fig. 5. The average CPU clock cycles of bubble sort with logic control of order

Rys. 5. Srednia liczba cykli zegarowych procesora w trakcie sortowania babelkowego

z funkcji kontroli utozenia elementéow

The average number of CPU clock cycles has shown that it increases slower

than for the classic version shown in [17].
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Fig. 6. Charts of the standard deviation and the average deviation of results

Rys. 6. Wykres odchylenia standardowego oraz odchylenia sredniego wynikéw

Average number of CPU clock cycles is shown in Figure 5 is related to the
standard deviation and average deviation shown in Figure 6. The size of these



On some properties of bubble sort with logic control of order. .. 55

characteristics shows that the control function allows speeding up the algorithm
for large data sets. Let us see other time statistics. Research results were plotted
in Figures 7-8.

time
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Fig. 7. The average time of bubble sort with logic control of order

Rys. 7. Sredni czas sortowania babelkowego z funkcjg kontroli utozenia elementéw

Figure 7 shows that time increases practically linear with the number of sorted
elements. This phenomenon is similar to the classical form.
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Fig. 8. Charts of the standard deviation and the average deviation of results

Rys. 8. Wykres odchylenia standardowego oraz odchylenia $redniego wynikéw badan

The standard deviation and average deviation shown in Figure 8 indicate that
the bubble sort algorithm with control of order for large sequences of data charac-
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terizes lower volatility than the classic one. Coefficients of variation of the bubble
sort with logic control of order are shown in Figure 9. Analysis of the coefficient
of variation shows that the proposed modification is able to increase efficiency of
sorting. Characteristic curves, approximated by polynomials are shown in Figure 9.

coefficient of variation
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Fig. 9. Polynomial approximation of coefficient of variation for bubble sort with logic

control of order
Rys. 9. Aproksymacja wielomianowa wspélczynnika zmiennoéci dla sortowania babelko-

wego z funkcja kontroli ulozenia elementéw

In Figure 9 we can see that high volatility characterize the CPU clock cycles of
the algorithm, in particular for the collection of sequences over 100000 elements.
Other characteristic of time variation is stable. This means that the nature of
the operations performed in the algorithm of bubble sort with logic control of
order does not affect the duration of the task. The results indicate the possibility
of variation of the effective application of the algorithm in the range under 10000
elements. This is a larger number than for insertion sort algorithm described in [17]
and classic bubble sort. The results, suggest that the modification increases the
efficiency for large collections.
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4. Conclusions

In conclusion, we can asses that the presented version of the algorithm with

logic control of order is more efficient for large data sets and allows acceleration of

the sorting. Therefore, it seems appropriate to use it for large data sets. Interesting

improvement for examined sorting algorithm can be multiprocessing or applying

cloud computing.
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Omowienie

W artykule przedstawiono analize algorytmu sortowania babelkowego z funkcja

kontrolna utozenia elementéw. Przeprowadzone badania wykazaty stuszno$é¢ wpro-

wadzenia opisanej modyfikacji zwlaszcza dla duzych zbioréw danych. Jak wykazaly

testy i poréwnania, funkcja kontrolna moze pozytywnie wplywac na przyspieszenie

procesu sortowania duzych zbioréw danych.



