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Abstract. The performance of computers and programs is the most important thing for a user nowadays.
Sorting algorithms appeared in the 19th century, but nowadays, developers often forget about the effectiveness
of these algorithms and always use only a couple of algorithms, which are not always the best solution for
certain tasks. This slows down the performance of certain important applications for professionals as well as
for ordinary users. In this work was told and implemented different numerical sorting algorithms. The
development environment here was “Microsoft Visual Studio 2017”. Was used the C++ programming
language. Knowledge of sorting algorithms will always help you to optimize your program (if there used
sorting), which will have a positive impact on user feedback about your application also this knowledge has a
positive effect on the thought processes, allowing you to make the right decisions in the shortest time.
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levads

Jau no paSa sakuma (20.gs.) tika pievérsta daudz uzmanibu kartoSanas problémam. Ka
piemers, burbula kartoSana tika apskatita 1956. gada. Neskatoties uz to, ka jau ir daudz
kartoSanas algoritmus, cilveki izgudro vél jauno kartoSanas veidus. KartoSanas algoritmi ir plasi
izplatiti iesac€jiem IT, ka arT tur, kur cilveki tiks iepazistinati ar algoritmiem.[1]

Ka reals piemérs, Twitter, pirmajas dienas péc izveides saskaras ar raZiguma problémam.
Tas bija saistitas ar kartoSanas algoritmiem, jo algoritms bija paredzets tikai neliclam datu
apjomam. [2]

Ir uzskats, ka lai klitu par programmeéSanas inZenieri, jasak macit algoritmus un datu
struktiiras. Un kad biis saprotami to pamati, tie biis redzami visur, un palidzes tev visas dzives
garuma, ipasi darba IT nozaré.[3]

Misdienas arvien vairak cilvéku ir ieintereséti informacijas tehnologijam, ipasi
programmeésanas. Interneta visbiezak paradas neapstiprinata informacija. Lidz ar to visbiezak
rodas problémas, tas viss nes sev Iidzi negativas sekas, kas ietekm€ programmu un ierici
veiktspeju.

Darba merkis ir realizét dazus kartoSanas algoritmus un novertét to efektivitati sava
starpa.

Materiali un metodes
Petijjuma merkis ir pieradit hipotezi, ka “burbula” kartoSanas algoritms ir 1énak neka “atras”
kartoSanas algoritms uz datu apjomu no 300 tiikstoSiem veseliem skaitliem.

Saja darba tika izskatiti un Tstenotie vairaki skaitlu karto$anas algoritmi. izmantota
izstrades vide Seit ir “Microsoft Visual Studio 2017”. Tika izmantota programmeé&sanas valoda
C++.

Darba uzdevumi:

1. Parskatit visplasak un vismazak izplatitos kartoSanas algoritmus;
2. Realizet vairakus kartoSanas algoritmus;
3. Novertet iegiitos kartoSanas algoritmus rezultatus.
P&tijuma ir pielietotas vairakas metodes:
. praktiskas p&tijuma metodes
o eksperiments;
° salidzinasanas metodes;
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. tabulas un grafiskas metodes;
° zinatnisko rakstu analizes metodes;

Kartosanas algoritmi
KartoSanas algoritms ienem nozimigu vietu programmé&Sanas joma. KartoSana nozime
noteikta saraksta elementus izvietoSana noteikta seciba. Lai optimiz€ti izmantotu tadus
algoritmus, ka mekl€Sanas un apvienoSanas algoritmus, kartoSanas algoritmiem jabut
efektivam. Viss ir savstarp€ji saistits. KartoSanas algoritmi tiek parveidotas un paradas lidz pat
Sai dienai, tas ir saistits ar tos svarigumu IT nozarg. [4]
Visi kartosanas algoritmi tiek klasific€ti péc:

e algoritma sarezgitiba (labaka, sliktaka, vidgja), kas ir atkarigi no saraksta izméra
(skat. 1.1.1. att€lu);

e atminas izmantoSana;

o rekursijas pielietosana (vai ir rekursija, vai n€) (kad funkcija izraisa sevi);

e stabilitate (ilgtsp€jiga kartoSana nemaina savstarpgjo izvietojumu vienadiem
elementiem. Sada Tpasiba var biit loti noderiga, ja elementi sastav no vairakiem
laukiem) (piem&ram, stabila ir burbula, ievietoSanas, sapludinaSanas kartoSana) (sk.
1.1.2.,1.1.3. att.);

¢ kartoSanas metode (apvienoSana, maina, ievietoSana);

e piclagosana (vai ir efektivi, apstradajot jau sakartoti ( dal&ji) sakartoti dati)

Klasifikacija sastav

Algorithm Time Complexity

Best Average Worst
Selection Sort Q{n*2) a(n*2) Q{n"2)
Bubble Sort () a(n*2) Q(n"2)
nsertion Sort Qin) a(n*2) Q{n"2)
Heap Sort Q{n log(n)) a(n log(n}) Q(n log(n})
Quick Sort Qin login)) a(n log(n)) Q{n"2)
Merge Sort Q{n log(n)) a(n log(n}) Q(n log(n})
Bucket Sort Q(n+k) a(n+k) Q(n"2)
Radix Sort Q{nk) a(nk) Q(nk)

1. att. Algoritma sarezgitiba
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2. att. Stabila kartoSana
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3. att. Nestabila kartoSana

Apskatisim sarezgitibas:
O (O-notacija). O(f(n)) — no zime, ka algoritma darba laika pieaugSana ir atkariga no datu
apjoma ne atrak par konstanti, kas reizinata ar f(n).
0 (O —teta). f(x)=0O(g(n)), nozimg, ka f, tapat ka g, aug tad, kad n tiecas uz bezgalibu.
Q (Q—omega. Q (nlogn) pieprasa ne mazak ka (n log n) laika, bet aug§eja robeza nav zinams.
O(n) - ir lineara sarezgitiba. Tas nozime, ka darba laiks pieaug lineari, palielinoties izméra
ievadito datu.
O(log n) - ir logaritmiska sarezgitiba. Ja masivs ir sakartots, més varam parbaudit, vai taja ir
kada 1paSa vertiba, to sadalot uz pusi. M&s parbaudisim vid€jo elementu, ja tas ir vairak neka
tas, ko mes meklgjam, tad varam izmest masiva otro pusi - tur tas nav tiesi tur. Ja tas ir mazaks,
tad otradi — varam izmest sakotngjo pusi. Tapec mes turpinam sadalit to pa pusém, galu gala
més parbaudam (log n) elementus.
O(n?) - ir kvadratiska sarezgitiba. Algoritms ar §o sarezgitibu sastav no divam ciklam: viens,
kas iet caur visu masivu, un otrais, lai atrastu vietu nakamajam elementam jau noskirtaja dala.
Tadgjadi operaciju skaits biis atkarigs no masiva lieluma n * n, tas ir, n’.
O(n log n) — §1 sarezgitiba ir lidziga ar O(n), jo vina aiznem aptuveni divreiz vairak laiku divreiz
vairakam problémam. Vins ir efektivs, jo logaritmi aug loti 1éni.[10] (sk. 4. att.)
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4. att. Sarezgitibas atkariba no elementa skaitu

Rezultati
Katrs algoritms sava veida un kaut kada vidg ir labs, bet nemt pirmo ieraudzito kludains
risindjums. Tas nozime, ka nepiecieSams sikak iepazities ar to, kads ir gadijjums un kadu
algoritmu efektivak izvelet.

Iegttie eksperimentala dala rezultati (pec 5 reizes videji parbaudes) tika paraditi tabula,
kur “Sort” — pats algoritms, “CPU”- viss kods milisekundés (1 sekunde = 1000 milisekundes).
Var secinat, ka atras kartoSanas algoritms intervala no 10000 lidz 5000000 elementiem
neapSaubami labak neka burbula kartoSana, bet intervala no 100 ( ka art no 1) Iidz 10000 nav
kritiskas atSkiribas izveletaja algoritma. SapludinaSanas kartoSana, salidzinot ar atras
karto$anas metodem, paradija vispar nav daudz sliktako rezultatu. Sis algoritms arf var tikt

lietots. levietoSanas kartoSana, tapat ka burbula kartoSana, bija efektiva intervala no 1 lidz
10000. (sk. 1.tab.)

1. tab.
KartoSanas rezultati
Elements 100 1000 10000 100000 1000000 5000000
Name\
Bubble sort Oms 1,8ms 238,8ms 28501,4ms | too long too long
Bubble(CPU) 3,8ms 7,4ms 248,2ms 28830,8ms | too long too long
Insertion sort Oms Oms 73,2ms 7106,2ms too long too long
Insertion(CPU) 4,2ms 4,6ms 80,6ms 7128,4ms too long too long
Quick sort Oms Oms ims 12ms 120,8ms 617,8ms
Quick(CPU) 4,6ms 5,4ms 10,6ms 75,8ms 683,6ms 3589,6ms
Merge sort Oms 0,4ms 3ms 29,2ms 311,2ms 1628,8ms
Merge(CPU) 4,8ms 4,.6ms 13,8ms 93,8ms 904,2ms 4446,2ms

Secinajumi
1. Darba hipotéze tiek apstiprinata, atras kartoSanas algoritms paradija sevi labak neka burbula
kartoSanas algoritms, bet reali nozimiga atSkiriba ir pe€c 10000 elementiem. Lidz 10000
elementiem burbula kartoSana var biit izmantota.
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2. Izmantota programmatiira (eksperimentala dala) lauj veiksmigi veikt algoritma dzilu
testé€Sanu ( ja tas ir nepiecieSams ).

3. Pati kartoSanas algoritmi interneta ir korekti stradajosie, bet datu (skaitlu) sagatavoSana
pirms kartoSanas procesa ir jabiit parbaudita, jo tur daZzos gadijumos var biit atrasta kltida,
kas nelaus kartoSanai stradat.

4. Algoritma sarezgitiba, miisu gadijuma, loti stipri ietekmé uz kartoSanas laiku tikai tad, kad
elementu skaits parsniedz 10000.

5. Var pateikt, ka darbs ir veiksmigs, jo mérkis tika sasniegts, dazi algoritmi tika realizeti un
noverteti, darba uzdevumi tika izpilditi veiksmigi.

6. Neskatoties uz to, ka kartoSanas algoritmiem ir tikai viens mérkis, vini atskiras péc daudzam
ipasibam, ka piemers, stabilitate, izpildes atrums un laiks, rekursijas pieejamiba, algoritma
sarezgitibas.

Summary

The document discusses and implemented popular sorting algorithms and talked about
non popular algorithms that can be found on the internet. In this work no in-depth study of
Some sorting algorithms, but they re available for each explained principle work and some of
their implementation in the programming language with summing up of the results. Sorting
algorithms are relevant today. More and more people are buying new mobile phones and
computers with the internet, must be sorted and stored a lot of information, but unreliable and
unverified algorithms lead to countless problems with the performance of the application or
some site. In work all tasks completed, the main goal is successfully achieved. Software, that
has been used for testing is available on the internet to everyone for free, this means, that
everyone after reading this work, the reader will understand the meaning of sorting algorithms
and will be able to implement them.
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