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O ABSTRACT 0O

Since the beginning of using computing, the sorting problem has attracted a large
number of researchers; this is because of the complexity of finding the best solution to it.
For example, bubble sorting was first analyzed in the early 1960s. Although many consider
it a resolved problem, new sorting algorithms are still being invented to date (for example,
library sorting was first published in 2004). In this paper, we study sorting algorithms as
classified by:

Implementation
Design paradigm
Field of study
Complexity.

This research aims at assessing some sorting algorithms, comparing their complexity
and classification, and finding the best solution to the problem of sorting records on an
Internet Service Provider (ISP) database.

keywords: sorting algorithm, complexity, recursion, iteration, deterministic, divide and
conquer, dynamic programming, reduction, search and enumeration, probabilistic and
heuristic.
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Notation Intuition Definition
g is an asymptotic

f(n) € O(g(n)) upper bound on f (up 3(C > 0),n0: ¥(n > no) | f(n)| < |Cg(n)|
to constant factor)
g is an asymptotic

f(n) € Q(g(n)) lower bound on f (up 3(C > 0),n0: ¥(n > ng) |Cg(n)| < |f(n)]
to constant factor)

f(n) € ©(g(n)) f is bounded tightly

by g asymptotically (C,C" > 0),n0: ¥(n > ng) [Cg(n)| < |f(n)| < |C'g(n)|

f is dominated by g

Fn) € olg(m) | 1 ically ¥(C > 0),3n0: ¥(n > no) | £(w)] < |Cy(n)|
dom
fm) ewlgn)) LT ¥(€ > 0),3n : ¥(n > no) [Cg(n)] < | f(n)
f(n) ~ g(n) | asymptotically equal im % =1

(ot ull g8 C ol ) b sl Gy 33 G (2) dssad
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Notation Name Example
O(1) Constant Determining if a number is even or odd
. Amortized time per operation when using a
o (a(n)} Inverse Ackermann disjoint-set (union-find) data structure
* . N The find algorithm of Hopcroft and Ullman
O (log" n) iterated logarithmic | % & ioint set
. Finding an item in a sorted list with the
O (log n) Logarithmic binary search algorithm
) ((log n)r:) Polylogarithmic Deciding if n is prime with the AKS

primality test

On%),0<c<1

fractional power

searching in a kd-tree

O (n) Linear Finding an item in an unsorted list
linearithmic, . . . .
O (n log n) loglinear, or ﬁg;’flng a list with heapsort, computing a
quasilinear
2 . Sorting a list with insertion sort, computing
QO (n ) Quadratic S DET
polynomial, - .
e . ; Finding the shortest path on a weighted
O (n ) > 1 sometimes called digraph with the Floyd-Warshall algorithm
algebraic
_ exponential, Finding the (exact) solution to the traveling
O (") sometimes called salesman problem (under the assumption
geometric that P # NP)
Determining if two logical statements are
O (n ,) factorial, sometimes |equivalent[1], traveling salesman problem,
- called combinatorial |or any other NP-complete problem via
brute-force search
O (n") nto the n

double exponential

Finding a complete set of associative-
commutative unifiers[2]
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pAall) b oAl 8l (e gl 38 (e s :EXChange sorts Juaally 5,40 -1
il Aavan dua) lod o el ,al A )ea :Bubble sort algorithm e lsdll 5yl ) ylsa =
OS 1) Lagadlse diaiig 5w JS (A Gpaic A3lRay ))Sia JSG L) 8 ol AaB) e Jsailly ol e
AU o e o0 ) Jias ol ehal dals dllia 0 Y o ) Dol iy crna st Lagails
Al el ) 5 (cle @) spall pabiall ()5S Aids (e L) lsad) Lt Ciela 1335580 Cinpil
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[13],[5] & Laasies 45
BUBBLE SORT ALGORITHM
(* Algorithm to sort the list A[1],...A[n] in ascending order. *)
1. set scan equal to 1
2. while scan less or equal to n-1 do the following:
a. set pos equal to 1.
b. while pos less or equal to n-1 do the following:
bl. if A[pos] > A[pos+1] then do the following:
(* swap A[pos] €=> A[pos+1])
b1l. set temp equal to A[pos]
b12. set A[pos] equal to A[pos+1]
b13 set A[pos+1] equal to temp

b2.set pos equal to pos+1
c. set scan equal to scan+1

o) ) 8 Wl 5 9830 L o) chle a8k JS ST e 330 G AU (3) Jgaad)
D (stae s Lab Luslan L 4pe Jaal) clily o088 Laais )

statement # of times executed

1 1

2 N

A N-1

B N x (N —1)

bl (N—Dx(N-1)

bt (N4 (N-2)4.t241= S (N —scan) :w
scan=1

12 (V-0 (N-2) s 2013 (N soam) - (DD
scan=1
scan=N-1 _

b13 (N-D+(N-2)+...+2+1= Z(N—scan)=w
scan=1

b2 (N-Dx(N-2)

¢ N-1
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el 558 Baa s e la lal) Qlel e su€ (8 Wl Ll e LaaVly 55 cilaa) s Ao gane
G daodlule palie jda e dpe))lsall o adied L lSally Joatll Gl lsa (e (& dae))lsall 028
ety AasSll Jind 3 dad iaal o) 2l el 3 dad 5T s 4) Cus heap dasS gaill e il
o Aaplsal) o3 aat Aad L iipe JS0 el 8 Al ()5S Cua o i (En Y O ) sl g5 ddee
[12],[10] .O(nlog n) 4l (e
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r

DoSie 0 ) e A ylsall sda aaiad istrand  sort algorithm JAsball 5 ,all 2 lsa =
Sl Ayl aaliall (e Aludis Cimas S5 S & a3 3] caaly A ghian b lgnads 2o (he Aja Judld
L8 (e cipdangll Allall 8 O(N log N) Al e o8 Gaa)lsall oda 2t dayy . Lae Judld) 02a zads
Jsd) WY 3 O(n?) 5 LB A s O(n)

[11] sdalll by lsadl 580 e sl 138 (e e zlSertion sorts sdadly 5 dl -3

aaind o ddare 58 due),lsd oo Bl 25 cinsertion sort algorithm ially 5al dua) )l =
Crsliall adgall b opdiag JLSS JS (& J3all AadY (e eaie Cada o Aaalsal) o3 (L ADEAL ) o
aally) i () eaiall L) dulee (65 Rl AV (B jeaie gl dlia Gu Y ol ) s Al e
oda oL Alladll dga ey - OlSally D)8 Ane))ld e Bilie (& Aay)lsall ol o) LAdlsde JAal A (e
Guiail) Al Leaal Lall (he aaally aai LSl eibiay il (Bl (g 5l ilslll o Aallad J8 dua) 5)540)
Toud) sl 3 LF O(N) 48y (o & i) Dlall 5 Leidlad o) Cam c3pinall bl agan dal (e bl
el Ja) i Alad (55 daag sl o3ay «O(N) Aty e (Waind Aa) Lgtallad 6 el AL
Laalis lly cCigia o cDlaw die (e Ailpal) 0l Giatll gl alasinlys Allall oda 3y ceiiliall da)
rainll Jad) J8 eaiel)l sl Ses LAY o) e B2 Dl 8 puaiall el e3P AABY) (e
o OSay Al (g e BB ()5S puaie AT 8 (e o) die ol udall Jany S 125 ¢ )
oo S5 L) e

ey lsad Lagens Jiad 358 dpahylsd e 3)le a5 :shell sort algorithm vl 5 4yl =
ol O LS 0y Ay A fipe Jaal) Al Cutl€ 1Y Ylab pimy pally a0 of AdaaMe pa ydally 54l
Cald e S 8 aaly aisa laiar (g peamiall lipaty o Y L clllad e daaild iy Lases Ldall
O Sy A V) Byilie byslatia e jealic Alhay ylially 5l dae) s Gty aall 5l $e) )i
Alall 5 O(N) 4l Loy lsall oda aiat dayd 1li . emaall dndge W Lo jeaie Jil ol 45ad) cillee
LAY el s O(nlog® n) 4l g il s 8 T

Sl 5 ctree sort gyl Al Jie sdally 5 e le g Ji g AT Gilial ) d3Layl las =
Jayes .. Wlibrary sort

:Merge sorts gaally 3,40 —4

i @A) ) B e lsa a5 cdijlie O(n 0g N) cha) e AaE 58 Lajhss (e Bile s
il 3 iy and Tage o aainiy « piall zyall 8 Agslaiall jualiall Jaall cagp o dadlas
VA AaY S i o5 ey sl L cptinsbidio oind () AU aandi o 1 L LS A ylsal) 020
B3 yde AaDU) (58 by canly jeaic Joha @ilsd () dom o ) el iy b (pifiya GiiaY
I STy el Jaall Aa3Y JiSi sale] i of () 13Sa5 ciipe JS8 Gidiall ouiaDU) mes sale] iy &
el Uy by $puiall AN 58 o £l (0 Sa) (8 A oAl o3 4 (53 Cppenl By g sk
o Y (e By pde Y SIS G gl Lin (ke (inEY (e Bygske A IS5 O LS 800 (e
[1] o e
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) G gl 138 (re 3es :NON-cOMparison  sorts Adall e aaing ¥ g3 80 -5
ALl e lsad)

DoY) o asl 58 A s e Ble s radix sort algorithm olull 5 yd Gl
Sl Sl I Lelly Jdias 3l cualall Qlef aos A8 A LEbla dalles PIA (e dagaial)
sle Aliall Al S5 AHED G e Gile sane dallas (0 Ble 8 masall 222l GULA dallee o8
Most  dseal ,ASY) 25all Ly Less  Significant Digit sl J3V1 A 25ia L ¢y 2al
O Al eilaall 05%5 28 LSD el J8Y) A58 A5)lae (el 54 Ala & . Significant Digit
L 1) A saaY) cld Al e Tea s el i) dallae 125 cgrme Guladd vy 4l cllally Glal
A5 A LAl U 55K o bl ol 8) deal LAY ASAN ) JEss o(Orad) ] 8 A018Y)
LAY G35 3 Uy Lialles 235 Al cblal) I LSles 4ea] J8Y) A1 om0 Al 8 Lginlles
0(N) 38y oo s 2l )l (puadV) 2all Apaal SY)

e ) A8 geiadll A8 A leall o2 o5& tbucket sort algorithm ansbiall 5,8l i)l =
OoSaall alaanh bl @l sd e sl pladialy Jaadie J< Mamy Lgie S 558 4ty Baliall (4o 45
@odia S5 o d2)lh Adghine g o0 1l LS (Aliall ol dpe))lsa dexi L ualiall Al 43 Al
D Gsdia JS 3)b o8 Gy paldl) distia 3 seaie S gy RlaY) Aghiad) e Jeaill i 5 g ld
) e oy DA Aaa)ld e dagy ALY Aghad) ) A8 e Gulial) e jalial salels ¢ )lé
.0O(n)

«pigeonhole sort «counting sort Jie le sed JAY) e lsal) (e de sana ) d3LaYL 12 =
.tally sort

.Network sort «Topological sort Wbl (s :gal J&i -6

reiluagilly colaliiay|
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Adangl) Al crancaly o3e ] Adpall Aaupal) JMA (e L) lliags 3 iliill Ladli (4) Jgaadl com
8 ahall pualind) 330 9a N Eua Lgtald i A cilaa i) (e JI Tead) Allatly

Name szrag Worst Me;/nor Stgbl Method Other notes
Bubblesort| — ][ O || 0(1) | Yes ||[Exchanging]|
Cocktail — o(n?) O(1) || Yes ||[Exchanging
sort
Comb sort 0 Ioog n) O(nlogn)|| O(1) || No [|Exchanging Small code size
Gnomesort|| — || O(m?) | 0@) || Yes |[Exchanging]|
Selse(;::;on o(n?) o(n?) O(1) || No || Selection || Can be implemented as a stable sort
Insertion . d is the number of inversions, which is
sort O(n +d) o(n?) O(1) || Yes || Insertion o)
[ Shellsort || — [omiogzm|[ O@) ][ No |[ Insertion || |
tree sort ||o(mlogn)|| O(miogn) || O(n) || Yes || Insertion When using a self-balancing binary
search tree

[Library sort][omlogn)|[ o) || O(n) ][ Yes || Insertion || |
[ Merge sort [[on logn)|[ ot logn) || O(n) |[ Yes || Merging || |
| Heapsort |[o(logn)|| o(nlogn) || O(1) || No |[ Selection || |

0 Naive variants use O(n) space; can be
Quicksort |[O(nlogn)|| O(n?) No |[|[Exchanging|| O(n log n) worst case if median pivot
(log ) is used
Patience . Finds all the longest increasing
sort o () O(n) || No || Insertion subsequences within O(n log n)
[ Strand sort [[omlogn)][ o) || O(n) || Yes || Selection || |
Pigeonhole || oo || ome2i9 || O2K) || Yes Non
sort comparison
Bucket sort || O(n-k) || O(nz-k) || o(n-K) || Yes Non_ Assumes uniform dls_trlputlon of
comparison ||elements from the domain in the array.
Counting || o o || o2k || o2k || Yes Non
sort comparison
LSD Radix || o o |l opkis) || om || Yes Nan
sort comparison
MSD Radix . o(n-(k/s)-2s|| © Non
sort Olhids) ) ((kis)-2s) No comparison

A Gyl e o g paad) ilae sl laliala ) aieil) il of LidaaY
0(1), O(n), O(log (n)) , O(n log(n)) , O( log (log (n) ) ), O(kn),O(nZ) .......
2l Aay e i O(N) 5 daadl aaa o Laaldie) aaes dpaylall cli e o O(1) o) s
Al el days e J O(KN) 5 daape aiiad G Lo J5 O(N?) 5 dukadll e sl

(AALS N alt Uy cilayal) o 3gd ABNAN algil) b o dgase Ajlha hany (5) Jsaadly
loglog | logn n nlogn n’
n
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- 0 1 0 1

0 1 2 2 4

1 2 4 8 16
1.85 3 8 24 64

2 4 16 64 256
2.32 5 32 160 1024
2.6 6 64 384 4096

3 8 256 | 2.05x10° | 6.55x10*
3.32 10 1024 | 1.02x10* | 1.05x10%
4.32 20 | 1048576 | 2.1x107 | 1.1x10%

o A 2l Sl Gn Ak Sl (20,00 2)USH s
.(n,nlogn, n%) Ll (b —2) Jsall .(log log n, log n, n) 4s)lae (@ —2)Jsal
e lmaen Slapall el (d —2)dsa(n?, nd, 27, djis (c —2)dsal

L e e e Y 1111 ey el et i et Al et et el
‘ ‘ Vi P o J
\ - L] e e
] B \;f D Lo
e 000 - -1 - —aeme- .
-'1 . e a '_‘_)”'"'__ [ - n
i H ,,_J ' SOt ---1t ) - - ___: . i
. _/’ . . /f
e leglogin)  clogimy o0l o
1t : ; P lozin} n
] im0 ;W 4 & AD 0 W 2 30 40 50 B W 8 9 10
r n
.(log log n, log n, n) 4,k (a) .(n,nlog n, n?) 4k (b)

(n? n% 2") 4,a (C) aylal) asan Jiay(d)
AN aderl) cilags oAby 4ja (2) g

O Adsiaa e Quick, merge, bubble, insert i) dxy ¥ by lsal) sy L e (ki€
Processor Al cilicalsall el cola e @llyy ddlida o 3ac Jal (e laylials Lblsdall damal) sl
:(1) Llaal) 385 Celeron 1.60GHz, RAM 256MB.
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n=2000;i=0;
:b:c:d:O;

Bl

B2

B3

B4

end

b=c=d=a;i++,

a=srand(NULL

V

|

Start=clock();

Srand(NULL);

End=0;

Call Sort

End=clock

|

End-start/clok_tck
n; \n;

|

c=asam[n], a=asai[n], b=asaq[n], &) cus cluall A cadiel Al 4 lsall 8810l hbdal) gy (1) kbdal)
Lhial s Al B1, B2, B3, B4 dliaally dagpdiall cileaj sall o8l alil) 6148 aa Lgda JS padiad (llg d=asal[n]
ol JSAN L Lt baaa)

Al el 85080 Aay ) ciliajledd) 3d3 oo A3l ka3l addl) ¢pa(6) Jgaad) B LaS guilidl) cuilsd

N quick merge Insert Bubble
2000 0 0 0.015 0.031
4000 0 0 0.031 0.109
8000 0.001 0.01 0.135 0.425

16000 0.004 0.015 0.54 1.625
32000 0.015 0.031 2.109 6.5
64000 0.029 0.047 8.515 22.89
128000 0.046 0.109 33.59 75.2

JY) cuslsa Microsoft  Excel 2003 gl yully A yall 4 bl cillabadiall asy 5130 alasiuly Lud
(6) Jsand) b dal) Aap ) cilaa lsal ool gy (3) S
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60

50

—e— quick

—=— merge
insert
bubble

40

30

20

dag 1 b lsdd) o)) gy (3) s
Tabaia a0l catine el A3,lie qUick,Merge i slsd (A Wyiaas madll coyla 1k,
(4) JSE) S8 Lagy (ala

0.12

0.1 -

0.08 A

—e— quick
0.06

1

—=— merge

0.04

0.02

1

0 » I 1 I I T T
2000 4000 8000 16000 32000 64000 1E+05

quick, merge guisailedd s muags (4) Jsal

S il el s o Jeal) 138 Lk LS
processor Intel core™ 2 1.60GHz, RAM 1GB.
processor Penetum D 3.0GHz, RAM 1GB.
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Ly Ly e il i) ADle Cum e JY) Gaslall ae danasie bl il

rof Lang (€l Alaay

e G335 L 1aag insert,bubble by slsall (e mals IS 4lled ST quick,merge <l lsall -
Jgyhail) Gl

Jras Laa QUICK Zaaplsa (e ST Jsa e 2205 e Lise A ghma plasind) MeErge due)lsa ki -
o paliall sae 3y LS ¢ 1oy & G5 quick Aaa) )l

g s Lo J2 ol (5 Letie T i Al 2l Ay @l S ey lal) o mealgl e
-85l AU Sl ) sy Ll Lgdial 4 praal

Shell ¢ Jasall 5all Lgabial (s Ayl sl aggell dayn ld <l lsad) saa) slaiely ) ag
il s Wl LS e )l ey il yleall o3a of Lde Heapsort <Merge sort ctree sort «sort
llarall 4y Ul Laglal Caliny 3) oY1 8 Apglacia e A8aal) 8 Ll V) 1) Al 8 dgline
A llaall o3a AT Jlaal puty Y Ling) Ly dlyall bl (a0 b deddiiusal
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Cre Al Sy JUlhy cAasaia ad e Hle a5 indeXes Guledll H5 Alee & UL 32c @ 3 54l
Batee Ul 3acl 4 o dapend oSy WS ol clilll sacli e Goludl Laad) Gkl

raalmal)

1- N. WIRTH, Algorithms and Data Structures, New York; Springer-Verlag,) August 2004

62



Tishreen University Journal. Eng. Sciences Series 2008 (4) 2321l (30) adaal) dsusigh aslall @ 0050 daala dlae

2- LARRY NYHOFF. C++ An introduction to Data Structures. Hall U.K. Limited.
London 1998.

3- LARRY NYHOFF. Data Structures in Pascal. Hall U.K. Limited. London 1991.

4- BY H. M. DEITEL - DEITEL & ASSOCIATES, INC., P.J. DEITEL - DEITEL &
ASSOCIATES, INC. Java™ How to Program, Sixth Edition, Prentice Hall August
04, 2004

5-, P.J. DEITEL - DEITEL & ASSOCIATES, INC. C++ ™ How to Program, Fifth
Edition, Prentice Hall 2004.

6 TANTALO ASYMP, Introduction to Analysis of Algorithms, Fall 2003

7-LAWRENCE C PAULSON Foundations of Computer Science, Computer Laboratory,
University of Cambridge, Copyright ¢ ° 2000.

8- IAN PARBERRY, parallel complexity Theory, Pitman, London 1997.

9-XING HUANG, BO HUANG, description of program for Pennysort, School of
Software, Tsinghua University, Beijing 100084, China, March 30, 2006

10-INA PARBERRY, Lecture Notes on Algorithm Analysis and Computational
Complexity (Fourth Edition) Computer Science, University of North Texas,

December 2001.

11-THOMAS NIEMANN, Sorting and Searching Algorithms, McGraw-Hill, New York
2001.

12-Additional Laboratory in ADA TDDB 57, Data structures and algorithms, Fall
September 2006.

13- NSF GRANTS, Bubble Sort: An Archaeological Algorithmic Analysis, Computer
Science Department, Duke University, 2000.

14- LAWRENCE C PAULSON Foundations of Computer Science, Computer Laboratory,
University of Cambridge, Copyright ¢ ° 2000.

63



3aiaal) bl acld D 4B 5 A ylsa

Optimal Sorting Algorithm for complex database

64



