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Abstract. Sorting is one of the most used and fundamental operation in 
computer science since the first time it had been tried to arrange list of items in 
some sequence. A large number of sorting algorithms were designed in order to 
have best performance in terms of computational complexity, memory usage, 
stability, and methods. In addition, in algorithmic problem solving, not all 
algorithms have same efficiency. This paper makes comparison research and 
discusses four different types of sorting algorithms: bubble sort, quick sort, 
insertion sort, and merge sort. The algorithms are tested and compared for data 
usage and time spent for sorting given amount of data. 
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Hokk 

Amnnarna. Cypeinray — Genrini 6ip Ti36eKTeri 1eMeHTTepAIH Ti3iMiH 
peTTeyre apHaira”H KO)[HL]OTepHiK FBUIBIMIA €H )KIIi KOJIJAaHbUIATBIH 

omeparsIapasH 6ipi. KenTeren cyprimTay aIropuTMaepi ecentey KypAemimiri 
TYPFBICETHAH eH JKaKCHI 6HIMIILTIK, JKaJl, TYPaKTBIIBIK KaHe 0ackKa Ja aicTepMeH 
mafifanaHy YIIH KypacThIpbimFaH. COHBIMEH KaTap, aaTOPHTMIIK ecemTepi 
menry KesiHue OGapnaelk AmroputMuep Oipreil THiMIimikke me emec. byr 
Makagajga CanbiCTHIPMAlbl 3epTTeylep OKYprisilienl 3keHe —cCyphImTay 
AIrOpUTMIEPIHIH TOPT TYPIi Typiepi TalKbUIAHAZBI: KOMIPIIIKTI CYpHIITay, 
JKBUIIAM CYpBINTAy, KIPICTIPY apKbLIEI CYPBINTAy KoHEe OIPIKTIPY apKBLTBI 
cypemTay. Anroputvzep Oenrimi  Gip JepekTep KeJleMiH —CYpBINTayFa 
JKYMCATaThIH  YaKBITHI MeH KONJIAHBITy JKAarblHaH TecTiTeHemi JKaHe 
CAIIBICTHIPBITAIBL 

Tyilin cesxep: CypsINTay aIropHIMIepi, GaceKemik Iporpammanay, 
KOMIPIIIKTI CYPHINTAy. eHri3y apKbIIEl CYPHIITAY, KbITIaM CYPHIITay, GIpIKTIpY 
ApKBUTBI CYPBINITAY. 

Hokok 

Annoranust. COPTHPOBKA ABIAETCS OIHOIT 13 HanboIee ICIOIb3yeMbIX I 

(yHIaMeHTAIBHBIX ONepalil B KOMIBIOTEPHOII HAYKe C TeX I0p, KaK BIEpBbIe 
Opl1a NPEaNpHHATA IIONBITKA YIOPAXOYHTE CIIHCOK 3JI€MEHTOB B HSKOTDpDfi 

TOCTeI0BAaTeTPHOCTH. BOoNbIIOe KOMIYeCTBO alropHTMOB COPTHPOBKH OBITO 
pa3paboTaHo, UTOOBI IMeTh JYHIIYK MPOH3BOIMTEIHHOCTh C TOUKH 3peHIs 
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BBIYIC/INTENBHOIl  CIOKHOCTH, IICIIONB30BAHNS IAMSTI, CTaOIUIBHOCTH I 
MeTozoB. KpoMe Toro, Ipir peleHnn anropHTMIYeCKHX 3a/1a4 He BCe alrOpHTMEI 
HMeIOT O/IIHAKOBYIO 3 beKTHBHOCTE. B 370l cTaThe IPOBOMIITCS CPAaBHUTEIEHOE 
HCCIeIOBAaHIE H pAcCMATPHBAIOTCSH UYeThIpe pPasIHUHBIX THIA AITOPHTMOB 
COPTHPOBKH: Ty3BIPBKOBasZ COPTHPOBKA, OBICTpas COPTHPOBKA, BCTaBKa M 
COPTHPOBKA CIIISHIEM. AITOPHTMBI TECTHPYIOTCS Il CPABHHBAIOTCS HA IpeaMeT 
HCTIONB30BAHNSA JaHHEIX I BpeMeHII, 3aTpauliBaeMoro Ha COPTHPOBKY 3aaHHOTO 
o0BeMa JaHHBIX. 

KaoueBble  ¢10Ba:  QITOPHTMEI  COPTHPOBKI, — KOHKYPEHTHOe 
NPOrpaMMIIPOBAHIe, Iy3bIPBKOBAas ~ COPTHPOBKA, OBICTpas — COPTIPOBKA, 
COpPTHPOBKA BCTABOK, COPTHPOBKA CIIAHIEM. 

Introduction 
Sorting is a process of placing any kind of items in a list in certain order 

or sequence, i.e. either ascending or descending order. Since first time people 
tried to write some algorithms in order to sort unsorted order of elements, there 
were built many algorithms. Through the years, problems needed less time to 

sort arranged data. For example, bubble sort analyzed in early 1956s [1]. It 
requires linearithmic time - O(n?) — in worst case, for better performance it is 
possible in O(n) time. Quick sort is found more advanced for in-place data, 
which is initiated by C.A.R. Hoarein 1961 and it is considered as the best 
algorithm for decades [2]. After years another types of sorting algorithms were 
built, i.e. quick sort, merge sort, binary search tree that require less time in 

asymptotic Big-O notation. By 21st century asymptotically optimal algorithms 
also have been invented, with now widely used Timsort dating to 2002, and the 
Library sort being first published in 2006 [1]. Therefore, sorting algorithms have 
always attracted a great deal of research. 

There are two types of sorting techniques such as comparison-based and 
non-comparison sorting technique. A comparison-based sort is a type of sorting 
that reads list of elements and then decides which element must be placed first 
and which one is next to make order items of the list at the final state. Bubble, 
selection, insertion, etc. can be example for this type of sorting. Non-comparison 
sorting technique sorts elements by their type and composition without 
compering. Bucket sort and count sort can be example for this category of sorting 
algorithm [2]. In this work, comparison-based sorting types are included. 

The most important thing in sorting algorithms is their time complexity 
and memory usage while using them. During competitive programming, most 
problems require definite time and memory for running and executing the 
solution written for the given problem. So, during comparison, most frequently 
used sorting algorithms will be compared for by these two features. 

Competitive programming is based on developing programming skills by 

solving problems and tasks. Most competitive problems require their participants 
to some tasks by its features such as data usage, memory and most often time for 
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running their solution to problem. For this purpose, most people prefer to use 
comparison-based technique of sorting algorithm. Actually, this type of sorting 
is simpler than another one and it recommends different kinds of sorting 
algorithms that require less code by strength. As most often used sorting 
algorithms in competitive programming, four types of sorting algorithms will be 

discussed and analyzed. 
Working procedure 

A. Bubble sort 
Basic idea of Bubble sort to compare two values and interchange them if 

they are not in proper order is each element is compared with its adjacent element 
to check which element is bigger and which element is smaller [3]. 

Analysis: Bubble is generally considered as the simplest sorting 
algorithm, and for this purpose it is one of the most often taught sorting algorithm 
while learning sort types in introductory courses [1]. Programming code strength 
is less and can be completed easily. Time complexity of bubble sort is as follows: 
O(n?) for worst and average case whereas O(n) for already sorted array. Effective 

for sorting small amount of data. Let’s consider bubble sort on example (Figure 

1). 

B. Insertion sort 
As its name says, in insertion sort works by inserting each item in its 

proper place in the final list. The algorithm works by comparing first two 
elements and swap it for required order, then increase it to by one element and 
repeat first step until final sequence [3]. 

Analysis: Like bubble sort it is efficient for on small lists. In worst case 
its time complexity O(n?). If data is already sorted, then its best case is O(n) [2]. 
Programming code can be written in a few lines of code and easy to understand 
as shown in the Figure 2. 

C. Quick sort 
Quick sort woks by partitioning, the pivot element is chosen and if given 

element is bigger or equal to pivot, it is placed to right side, otherwise it is put to 
left part of the pivot element. This operation is recursively called until all given 
elements are sorted [5]. 

Quick sort is the best example of sorting that is based on divide and 
conquers strategy. It is one of the fastest sorting algorithms. That is why is used 
in many libraries of programming languages [4]. 

Analysis: Running time of quick sort mostly depends on the selection of 
pivot element. If pivot is selected randomly, then its runtime is O (n log n). For 
the worst case its running time is O (n®) which happens rarely. It is not stable 
algorithm but it is an in-place [4]. An example of work process is shown in the 
Figure 3. 
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Figure 1. Bubble Sort example for sorting 7 elements in an array 
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Figure 2. Insertion sort example for sorting 8 elements in an array 

D. Merge sort 

Main idea of the merge sort is divide and conquer strategy technique 
and is one of the most popular problem solving algorithm [4]. Extra array is 
needed when dividing array into 2 parts until it gets to 2 elements, then swap 
them if they are not in corresponding order. After comparing them join this 
array to second sorted array. This process continues until final sorted list. 
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Analysis: For all cases (best, average and worst) for running time is O 
(n log n). Unlike quick sort, it is not in-place algorithm, but it is stable [3]. The 
strength of programming code takes much more lines than other three sorting 
algorithms given above. That is why it is harder to complete algorithm. 
However, it is easy to understand and complete without programming code 

(Figure 4). 

(@) 321 |s5|8]4|3]7 

o []z2]3]s]s]a]3] Pivot 

@ |1f2f3]|a]s]|s]8]7 Final position 

@ |1|2[3[3]|4]|5]|7|8 

e |1 |2|3|3|4]|5]|7]|8 

Figure 3. Quick sort example for sorting 8 elements in an array 
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Figure 4. Merge sort example for sorting 7 elements in an array 

Comparative analysis 

In previous sections, learned about most often used sorting algorithms, 
their working process, and algorithm and for what purposes they can be used. 
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According to that basic knowledge about those algorithms, they can be 
summarized into one (Table 1). 

Algorithms were tested on Operating System Windows 8.1 64-bit, Intel 
(R) Pentium (R) CPU 2020M @ 2.40 GHz for 100, 1000, 10000 and 30000 

elements of unsorted array. For 100 items of an array they all sorted in 0 

seconds, but for larger data got different results (Figure 5). 
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Figure 5. Time complexity tested for various amount of data 

Table 1. Comparative study 
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Conclusion 
In this paper, four different types of sorting algorithms are discussed and 

analyzed. Bubble and Insertion sorts are simple and easy to implement. Insertion 
sort is faster than bubble sort. But both of them are inefficient for large data list. 
Quick sort is very fast and it requires very less additional space. Merge sort is 
also one of the fastest sort types, but it requires twice the space in memory as 
compared with quick sort algorithm. For huge amount of data, merge and quick 
sorts are preferable. If amount of data is small and definite size is already sorted, 
quick sort is not good choice. 
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