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1- Introduction.

2- Analysis of algorithms and standard algorithms.
3- Data structures and abstract data type.

4 — Stacks.

5- queues.

6- lists More linked lists .

7 - Binary trees & Hash tables.

8-Binary search tree.

9- AVL Tree.
9- Graphs & digraphs .
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Void main()
{ int i; int *A; cout<<“Enter array size "; cin>>i;
A=new int[i];
delete []A;

Stack dikaie (ress A ol piw JLllig i paxsdl aglae pdio cduypai@s ©
heap&.&h@w‘a\.@.‘}.‘;zﬂp.q_wRunTime.u.:.LW.QMWMMQBJLMAJ.&p@JQAPiM .
Stack Lahais § s929lls Lgdimnell (il giall rasaill yi3ll IS (0 ¥] heap Ul Jguogll adatun¥ main pldl  ©
.Dynamic allocationJL G,xnle lia  ©

ByS1Il Gyl ¥ Sdelete [JA Ldds o of cuzms Lo o LW e heap (ross Bigxme 4ol 4]

L Lyl Jlome e oyl i Slal JSdn Ldds> o stack eo ol>lad) @
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Lelasias o jS05 8l 1da I Lele Gylatin (Jly Sldaall go (o puadl lud vy
Existence 3¢ arivaill .1
v Physical DS as Arrays, linked list ( Array fixed list, consecutive ; linked list can distributed in memory).
v Logical DS Can’t be created independently as Stack, Queues, Trees, Graphs.
85131 § Lebose Al i g byl gl Led aings of ooy Al | olglaall (g @
.Based on Memory Allocation 53¢ adaddl .2
v Static (or fixed sized) DS Such as Arrays.
v Dynamic DS (change size as needed) Such as Linked List.
Based on Representation §d¢ adaill .3
v’ Linear DS such as Arrays, Linked list, Stack, Queues.
v Non Linear DS such as Trees, Graphs.
:Operations on DS &ldaall o e el oldoall @

v Traversing, Searching, Insertion, Deletion, Sorting and Merging,.
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Lllie i ayloield Bleviunl Lploslad (s piieiad ciluaiylys g recursive algorithms Zsgall cilahslssll 4
Nl Glus 40))l95
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Algorithm Efficiency D dua)ylgtl Adlas -2-6
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 Crnbol do daiad (Ao Aoyl odedl cdat Aoyt i A b 3dSg . o
.Space complexity Léq.z.zﬂ il b yayg Lol e 48| ;Lh.c!g Sldoall sda oyl e})&" 8,S1t o> .1
Time complexity ;do3ll sdatlh C8ya19 dea)ylgdedl dudi wogllall 2idgllg 8,101 JI Sldaall Jlao¥ oD cdoll .2
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fi_jll.l'l_cl_l[
ALGORITHM TO CALCULATE MEAN : Statement # of times
(*Algorithm to read a set of n numbers and calculate their mean*®) executed
1. Read n. 1 1
2. Initialize Sum To 0. p) 1
3. Initialize I To 1. 3 1
4. While I<=N Do The Following 4 n+1
A. Read Number.
A n
B. Add Number To Sum.
C.Increment | By 1. B n
5. Calculate Mean = Sum/N C n
500 1 Lo JS i AB,C Loty Bl 8ye a5 1,2, 3,5 ilglasell e S of > 1
B0 N1 0235 4 Leisy Total: 4n+5

cewdy JBal A clliS Ciudg dawd (ndas couss 085 sglasedl :alasdler gl olus dalylgs udad do s Jias (1-6) Jou>
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dsl 7 T(n) o iz A8Mall (pag Joudl @b sue 0 i T(n)=4n+5  A8Mally daylgtl ol AUl el Jamy deleg

o liadl suay deaitd! e 285e(1-6) JSA!
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:a8Mall sda (e (1-6) JSA! § | Gledl Jasdl anign an Jas (a0

T() = 4n+5 { T(n) = O(n) }
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ojligJi
CRois yan Lo aluseiwls Bale 2lld e amyg (Qrder of magnitude n) n &Gy (0 ol n e Ldas 3l e T(n) o Jgds
N &G0 oo B T(N) deeyl gl Judis e 1 JLIS 055339 T(n)=0(n) : 8sle 4 34 9BON 5811 (O)
(s LaS I3 oo paig f(n) o n @ Lo aals A pe oy Lo Ayl duaid a3 (a3l 0 Jodis daladl Ll 9
T(n) o ST g4 f(n) Ll ol ‘zgi (lowudl) oylall ggladl uxdl asymptotic upper bound <éya9 T(n) = O( f(n) )
e ylacug (o <Ny U.‘."""'-L"u"’ijm‘
T(n)< C.f(n) ;for all n>n, : 48all oladzyC, n s LT smgl3| Lasdy 13]

alads o el n e USI (n) aalid) Beed 3 Ligyune Lo cgld 2 Bardy (ol of yiuo) (AW (oo s9umaT(n) o 4
T(n)=4n+5=4n+5<4n+n for n>5=T(n)<5n for all n>5 bdagd LI Lue olg g das

ool ol Gld adle
f(n)=n,n, =5and C=5=T(n)=0(n)

T(n)=4n+5 pldlg 5.6(n)=5n 5f(n)=n al ¢l (2-6) JS&II g
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T(n)
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T(n)=4n+5 pldlg 5.f(n)=5n 5 f(n)=n ! I (2-6) JSa!
n>=5 Leie 5.f(n) >=T(n) ol lasy

o T(n )asbld asymptotic upper bound 4 lec.f(n) by
c=5and n, >=5 calidl (>

W Aeayyloidl i dudind C+ daly Lxabiy oo (1-6) yald!
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aLlll asymptotic upper bound als ga f(n)=n" pldl Jals f(n) upper bound of T(n) as n>=n; :(1) Jls
2 o o ST 9w 4 W3 oY o 3w (e d> iy T(n)<f(n) Ol azes il T(n)=4n” +4n +6
oy syt o sllac] IS oo Jodd Susly 5yl g wlld i o

YL Nif and only if exists 3 C, n, .GEsY¥ Liomd 09SQ _mm

asymptotic upper a5 f(n) 03 Lasic T(n)<=Cf(n) dslall 0
.T(n) aatld bound 1 14 1 no
(Aado) Ao g Amizmio i N Janig C=1 (554, 2 30 16 no
T(n)<O(Cf(n)) x> Al Gaxts 398 Log Ny =3 5 C=1 Lactic s 3 54 81 yes

.og¢lall gasf(n) upper bound of T(n) i I
Ol uzs Sl S a, b o8 JS Jol e T(n) = an+b a Ll asymptogic upper bound Al ga f(n)=n? pldl Ja :(2)JLs
3 e ST 098w 2 ¥l Y cnae i day an+b<C n?
(n=3)aza [Aell 3azma (ras do wie O9Saw ASH ¥l G¥ o2 § 307 =0(n")Ja :(3) Il
U3 3axs ng >39 03 @il o) 3n? +15< Cn? Gazs nj 9 C o JSI dads i (e S 2 § 3 n? +15=0(n?) Ja:(4) JLie
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oedue sl @3 13) Laddg 13) .T(n) alild asymptotic lower bound al ga f(n) Ll ol Jgas : T(n) = L (f(n)) Ja

: n>=n, Eu . T(n)>=Cf(n)>=0 Lol (o Edzis N, o C (naedo

T(n) olall US4 ‘3 »
| CHn) g2 Joii T(n) = Q f(n) ? Ja f(n)=n? 9 T(n) =4 n? +4n +6 5,4, : 1L

T(n)>=CH(n)>=0 Lagla] (50 $axis g 5 € rinatls (oo sl g5 13] Lacid 13
1348 41 Jo (0 Addms riaid C=1 Hliks 4n° +4n+6>=Cn’ n>= nj cu>
J ¥ Jois T(n) =2 f(n) ? Ja f(n)=n> s T(n) =4 n? +4n +6 _» 4, :2 L

| _. upper (2.4 il e ST 4l T(n)>=Cf(n)>=0 !
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asymptotic tight bound 8,19 &Ml Cavatin § 055 oiBig Theta Notation (0)(Average Case) (Jowell dlxtl-3
ol Ly ST Ll

sluel &6 slay! 03 13) Jaddg 13) .T(n) 2Ll asymptotic tight bound a5 ga f(n) ald! ol Jgds : T(n) = O (f(n)) Ja
n>=n, J> ¢ . 0<= C2f(n)<=T(n)<=C1f(n) Ll>| o Gaz=is N,y 9 C1, C2 daplo

Suzy (e g8 €1, C2 culidly . pglall JSCad! § LS (L2 Wlndls O Wladl g ady)

c1f(n) .T(n) =0 f(n) Lauie T(n) = O f(n) and T(n)= Q f(n)éi lower, upper
o ) Leuic 0ai T(n) = OF(n?) & T(n) =4 n? +4n +2Ja (1) JLe
_c2f(n) 4 o pSYIC1 oud S J21 (0 Addma (407 +4n+2<C 0% suzs
Wiza P47 +4n+6>Cn° suzi Ledic @ai § T(n) = f(n?) & Ja Uiy
e n = ol i LY T(n) = 0 (n2) Qs 4 o isodl C2 03 IS ol (o
(n=4, c1>4, c2<4) C suzmy (a9 413 ga W1 (¥ aub ldag
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it
ST ¥l ¥ Upper bound L e T(n)= Of(n°) P:T(n)= 0 f(n%) P JaT(n)=4 n” +4n+2 5I€13):(2) Il
oo¥ udi (e a8 03] Blelly (G Doy il AT aual 0.y P 130 ST ¥ oY Tykas (lower) Q cwd oSg
S
(s JRPCe diglude slS gls Lower é‘ Q é\ﬁj.ua! oS ¢dg Upper ‘5‘ Oh % »Sig(n) Ll 1 IS15) salasdle
a9 sl ads Ladl Lasy Lol ys pisg small Q ssmallO > g99

O(g(n)) Q(g(n))
O(g(n))
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Algorithm Efficiency 10 st 10
#include "stdafx.h"
#include<iostream>
using namespace std;
void main(void)
{

intn,i; float Sum; float Number;

cin>>n;

Sum=0.0; i=1;

while(i<=n)

{cin>>Number; Sum += Number;i++;}
float mean=Sum / n;cout<<mean<<end|;

system("pause");
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: . : Cost Repeatation Total
int sumOfList( int A[ ], int n) Lt
{

INt sum = 0, |; =—— 1 1 1

for(i=0;i<n;i++t)—————1+1+1 1+(n+tl)+n 2n +2
SUM = sum + A ] ;=—— 2 n 2n

return SUM; m—— 1 1 1

Total Time required
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Examples of algorithm effectiveness 2
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for (inti=n;i>1;i/=2){ -

/* constant time expressions O(1) */
}

1 Golun o J8T N suall muay G iy (k oSd) @bl (e sue n/2 Jose it 3adylssd! Juleiy
log,n s k. cz=i ondu bl miylés) islis n 2 e Jumi 2 A5 §,b iy 1/ 2 < T Je Jiamis
COVSPIPE I INUF-P P EIRI L g ({0 ISR EAN (IS ES| & (k olshs) oldeadl se 2 k o Co
Aty le gl a5l e T Jog,n ga

log, OsSsx 5 oyl (K 1319 fog, 05K Lele puudtd) of 2.5 oyl Bolasell (1555 Loie 1 Alasdla

Lot Jelatl Laslad Tlas JBY1 culoyadl Jagrs add (oMl Ao yul) i g pladl JSaJ1 81 2 Aasdle

o 2 Agalyleidl Allad e Al
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function(int n)
{ if(n==1) return;
for (int i=1; i<=n; i++)
{
for (int j=1; j<=n; j++)
{ printf("*"); break;
}

}
}
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function(int n)
{ if(n==1) return;
for (inti=1; i<=n; i++)
{ //Innerloop executes only one time due to break statement.
for (int j=1; j<=n; j++)
{ printf("*"); break;
}

}

Time Complexity: O(n), Even though the inner loop is bounded by n, but due to the break

statement, it is executing only once.
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void function(int n)
{ intcount=0;
for (inti=n/2; i<=n; i++)
for (intj=1; j<=n; j =2 *j)

for (int k=1; k<=n; k =k * 2)

count++;

[Zﬁ

6)jliaJl
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Examples of algorithm effectiveness 4

void function(int n)
{ intcount=0;
for (inti=n/2; i<=n; i++)
// Executes n/2 times
for (intj=1; j<=n; j =2 *j)
// Executes O(Log n) times
for (int k=1; k<=n; k =k * 2)
// Executes O(Log n) times
count++;

}
Time Complexity: O(n log”n).

[y

6jliall

4 deaiyl gl adlasd e alia]
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Examples of algorithm effectiveness 5

void function(int n)

{ intcount=0;
for (inti=n/2; i<=n; i++)
for (intj=1; j+n/2<=n; j = j++)

for (intk=1; k<=n; k=k * 2)

count++;

[Py

6)jliaJl

5 dwaiylgdtl adlasd Lo aial

2024/2025 1< 1 slabne i — dilla slae Fwia - 5 Lidl) dasla

https://manara.edu.sy/

45/27


https://manara.edu.sy/

Y

Examples of algorithm effectiveness 5 e 5 l‘-‘})‘ 2 1 2l u‘-‘; 1L i

§)liall
void function(int n)
{ intcount=0;
// outer loop executes n/2 times
for (inti=n/2; i<=n; i++)
// middle loop executes n/2 times
for (intj=1; j+n/2<=n; j = j++)
// inner loop executes logn times
for (intk=1; k<=n; k=k * 2)
count++;

}
Time Complexity: O(n’logn).
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TABLE 1-3 Time for f(n) instructions ) w 27

on a computer that executes 1 billion 10

instructions per second (1 GHz) £(n) = nlog,n
0 | ] e - fm=n

003ps 0.003ys 0.033us 0.1ps

20 0.02us 0.004u8 0.086ps Qdps 1ms 6

30 0.03us 0.005us 0.147us 0.9s Is ’ (ﬂ] |

40 004us 0005 0:213us 16 18.3min

50 00Sss  0.006us 0.282u8 2.5 13 days 4 i) = logzn
100 0.10ps 0.007ps 0.664us 10ps 410" years

1000 1.00us 0.010us 9.966us lms 2

10,000 10ps 0013 130us 100ms /

100,000 0.10ms 0.017us 1.6Tms 10s U /

1,000,000 1my 0.020us 19.93ens 16.7m 0 2 4 n 6 8 l 0
10,000,000 001s 0.023us 0.23s 1.16 days Figure 1_4 GI'OWth rate

100000000 0.10s 0.027us 2.66% 1157 days

of functions in Table 1-3

Data Structures Using C++
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(Linear or Sequential Search) @.gu.ﬁbi ol L di-1
(Binary Search) JLd| &= Jl-2

aleia¥| O9s (Array) Gud § Ljses Lalus| (re demis A o]l Ol Crus fiae Jasd Ll Jasdl Ll ys wie oirus
a9l (dudiad Azyo) Aedlad Al e (o yall 1 S35 oo 5,531 Jsdlly

H(abd!) Jasedl e dl diajslgs -2-3-6
LINEAR SEARCH ALGORITHM (Sequential)

Gle G Jgogll ol cgllall paiall J Jguo gl G alidly Gudll prolic gane 8,58 e Jaddd!| cemdl &a)ylgs pgds
(2-7-6) aajyl gl (mlitly) ;531 915 oo lg Gl o lic ps Lasloms] 31511 Aol 26 lis o35 o (G
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LINEAR SEARCH ALGORITHM Statement # of times
(*Algorithm to search the list A[1],............. ,A[n] for Item, executed
Found is set to true and LOC is set to the position of Item if
the search is successful ; otherwise , Found is set to false.*) 1 1

1. set Found equal to false. 2 1

2.set LOC equal to 1. 3 n+1

3. while LOC<=n and not Found do the following : A n
a. if Item = A[LOC]then B 0
b. setFound equal to true. C n

Else total: 3n+3
c. increase LOCby 1. ol Ganall 4 )l A 285 (1 ) (2-6) Jsas

aren e 5oyl piiw Lasie (Y1 puarall o) 39mg0 sé parall 058y Louic (Big O Lioj Jobdl1) o¥les¥l gl 3
(60929 pue Al) Galuad| (2-6)doumdl § e 92 LeS Bylee JS ddis e St (9559 Guudd ! piolie
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6)liadl

t s LeS BON (o5 aludeiwly dudiall o) oo peaill adaiud dele

T, (nN)=3n+3=T, (n)=0(n)

3
2O S

3n+3 <=4n forall n>=3

:f(n), T(n),c.f(n) ol gl oo JSI Gleddl Jasedl (3-6) JSCad! (g n0=3, C=4,f(n)=n o éi

sue Babiy ([das) shyols 3153 (Tl Aladl 3) yuaiadl slams¥ AU a3l oY U3y Adaselly Apajylgiell sia Cucose Bg
() yoliall
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#include "stdafx.h"
#include<iostream>
#include <iomanip> // for setw()
using namespace std;
void main(void)
{ const int n=10;
int A[n]={7,3,1,0,21,5,17,99,2,-5};

for (int 1=0;i<n;i++) cout<<setw(4)<<A[1i]; cout<<endl;

for (int i=0;i<n;i++) cout<<setw(4)<<i+1; cout<<endl;
int found; // bolean flag

int loc ; int item;
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cout<<"Input Item to search for : "; cin>>item;

found = @ ; //set found equal to false.
//set loc equal to the first location (9).

loc =0 ;

while ( (loc < n) && (!found) )

{ if (item== A[loc]) found = 1;

else loc++;

}

if(found)cout<<item<<"™ was found at location #"<<loc+1;

else cout<<"item was not found!"; cout<<endl;
system("pause");

¥
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6jliall

U Gemd! Agalylgs -3-3-6

BINARY SEARCH ALGORITHM )

reladl e Gud (sd piaic adge dyimil Linear search  (akll Sexdl 4yl (e Y. Binary search S Sexmdl Ados ausind

Aiye Lo Sl s @1 puoliall 0985 o coms Byl sa Gadatl oSy Liie) Baajslgll sda Aullasl clldg (S poliall sue 98 Lovic

Ol ooy Lo 4a¥l Slghsll e dw)ylgitl sl ol (Goebas a5yl uoliadl Liislie & eimiwg Ld3Ls ol Guelias) comdl duleny aleall S8
: moliadl sue ga n du Aln] G>9 A[1] (o o liadl (o ddtge AU

A[1] A[2] A[3] A[mid] A[n-1] A[n]

ki e iz sy J) Ao iy g Almid] o liadl 2oy § Tasos¥l paiall dzgi-1
Al M) YLl daf g Litie g die S g Ul Key 7 Ll an paiadl 1da o)las -2

AU (e Jo¥1 inaddl § Oliol 139290 0 0f) Lt Ladl 5 puaiall 058 Ladic s Key < A[mid] -1

Lalem] 05 paiadly gl 08 Eeedl (955 Lacie g Key = A[mid] -o

AU (e S igaidl § Qlial 135290 08 o)) Lai L2315 paiall 0585 Ladic y Key > Almid] -z
Jo¥1 ciaill) paiall oz of adgns G dee all Al e Adsludl ool ghasedl 5,86 Ak yld Lae Jolat I poliadl ¥ S5 @Iy paiall Jgiosdl oty o 13) -3
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6jliall

BINARY SEARCH ALGORITHM
(*Algorithm to search the list A[1].......A[n] for Item using a binary search. Found is set to true and Mid is
set to the position of Item if the search is successful; otherwise Found is set to false.*)
1. set Found equal to false.
2. set First equal to 1.
3. set Last equal to n.
4. while First <= Last and not Found do the following :
a. calculate Mid = (First +Last) div 2.
b. if Key >A[Mid] then
b1. set First equal to Mid +1.
c. else if Key <A[Mid] then
cl.set last =Mid-1

d. else set Found equal to true.
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Tz (n)=9+5log, (n)
9+5log,(n) <10+5log,(n)

9+5log,(n) < log,(2*) +5log, (n)

;56 152 JS Ul oo 451 Jasdlig
9+5log, (n) < log,(n*)+log, (n°)

9+5log, (n) < log, (n™)

9+5log,(n) <15.log,(n)
To(N) =0(L0g, (N))  :JEE deablsaall aedni s o2 eaill BON pluiel ey Jlls
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#include "stdafx.h"
#include<iostream>
#include <iomanip> // for setw()
using namespace std;
void main(void)
{ const int n=10;
int A[n]={-5,0,1,2,3,5,7,17,21,99};

cout<<" A = ";

for (int i=0;i<n;i++) cout<<setw(4)<<A[1i];
cout<<endl;

cout<<"loc = ";

for (int i=0;i<n;i++) cout<<setw(4)<<i+1;
cout<<endl;
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oLal
int found; // bolean flag
int loc,key,first,last,mid;
cout<<"Input Key to search for : "; cin>>key;
found = loc = first = @; last = n-1 ;
while ( (first <= last) && (!found) )
{ mid = ( first + last ) / 2 ;
if ( key > A[mid] ) first= mid +1;
else if ( key < A[mid] ) 1last =mid-1;
else { found =1;loc=mid; }

}

if(found) cout<<key<<" was found at location #"<<loc+1;

else cout<<key<<" was not found! \n";
system("pause");

1

"4

2024/2025 1<d 1 glhhne b — Ale shea duia - 3 jlial) dxala https://manara.edu.sy/ 45/45


https://manara.edu.sy/

|

Lot daied! o s 25,k oia oy

Lis - 4-3-6

L 4
*»

<l
P

&

3}

|

L 4

SHRD

*»

*

*
L 4

156801 &

-

D g
o)lial

o, ) ’ ‘;
wdledl § cf(n) e I
[943‘;yJLaﬁ
S Spaitdl a3 el umed
LIS o w

&

3

H
LINEAR AND BINARY SEA;R)(;I 1
ALGORITHMS COMPARIS

v |u}..¢..3‘.a5né

. (5-6)
)

*

- i - ."
>20 Leie 15.Log,(n) <4n o (s
n

a,la 5-6)
-3 | [ |CﬂgLA=Q)LLn(
- ;~:o‘ ‘ 4 A
Gy SLddly Jasdl Eeed

--- 1----
----- 1--4 _
ity EA e | _ _
---4- _
N ] ; _ | I _I 1
_ " 1 " ! "||||..||||"| :
1 ! . _
1 - _ _ o~
1 - - _ _
TN _ | ; _ 1 1 Ju
| : _l !
" 1 “ : " l-lllllu.llll_ ul
I SRR | _
_ i .l-llll-ll — I I : __
P TN] BTN, : | _
1 i _ _ _ _ _ g
1 : | o
| _ 1 _llll_.llllJ _ __
" i N _ " -
e - | ; _ I I A
_ _ _ et o™ et Dy
_ _ ; o o - -
1 . _
_ I I N IILIII_ _ _
"||||r||||"|||_ " : " 1 Q
_ : _ ! ! “ i8]
_ Nm _ i Qs 2 T 4
. \m, g _ Lo
& _ " ! ol
| . 1 1 ! ;. |
- | | : —ll 1. _ n
Co -_----1---d " ¥
B llJ— - : _ I I
_ m - - _ _ [ QNS W S
1 : i ) _
- 1 | —IIIILIII_ _ _
: Il . N—— _
CEUU N "
" N
1 T : ||_|||||_|||_ _ _
1 g : i _
_IIII-III _ - _ 1 I
_ 1 1 : - | _ N
1 ! | Bh
1 1 ! .lll.._llllT _ _
1 1 W N _ _ _ _
i~ I | : : | | -
| : |
_ " _ " o o o
e (ra
_ o =
o =] = = =
- = v = A
= N el
= (am (o}
4

45/46

https://manara.edu.sy/

I
40 50 60 70 &0 9

30

10

/2025 ¢l 5 ;U —A—U }XMM_& - 5 jlal) dxala
= g



https://manara.edu.sy/

LINEAR AND BINARY SEARCH Pﬂ Eeed| Syl g (e dylie - 4-3-6
ALGORITHMS COMPARISON 2 ool 2 L ey Jail

6)ligall

Baiylgs oo (gmel) Juiadl ol Sl aylgs 095 pdae poliall sie 09 Loie 4T LoDl JSCATI crag
ol Ll poliadl sue 28 LS S IS o Ll ) &0l 95 ()8 o liald s suadl ae Lol L) G|
Sleaslgs 455Lal dayyug Bydilin 8ySH clac| (o (SCos BON (aguttd! (o coms 108l ASTE 08T cnaiid ¥ cn a3 3yl
Alileie e Ledl 3omis Baoaia

Eomdl da)ylgied O(Logy(n)) (A Sl Ceomedl Aalylgdely O(n) (P odedl el daiylgs wudad days O Lesg
cra dadl asell demdl o8 paesedl Bpduall w1 sl Jai (e g ByeaSTI il ol lasell Gl Acaylgd oo Juiadl 5L
el mad | oo Tomel 93 Loy i (ps b (oo Al il ol LI ek | O s syl slaalyutdlg LS e

il Jliag Lo Ogka 20 aes lCu sfuad Lo uds 3 Aial Az (s Lamali s i () o0 Aaid e 43)LaaSy
dol Slily e Jgazll ogllall oS5 (o Lide Jio) b lres Loy paded JST Ols i 1da (§ 3,8 JST Aininses
s sloms¥ AU elactl (a3t L Ailin Sn 1 S Butar g Ao daty cwls e ddi malipd! 0T 8 ey ol
15*Log,(20000000)=363.80 micro second < 0.5 second b L Somd dayl g 399 39S DLl
90 Joizell elac¥l cpa3ll old Jasedl Sl dealylgs 389 Ll

B0 219 Jlgzms 48T a3l 0T g1 4*20000000= 80000000 micro second =80 second = 1.33 minutes

https://manara.edu.sy/


https://manara.edu.sy/

[

&jliall

Jod! g gl &l i lea il

2025/2024 J5Y) deaill s —1 i — Ll slaall durigh 2 - 5Ll dasls https://manara.edu.sy/ 45/48


https://manara.edu.sy/

Big-O Examples D
Example-1 Find upper bound for f(n) =3n + 8

Solution: 3n +8<4n,foralln>8 ~.3n+8=0(n)withc=4and n, =8

Example-2 Find upper bound for f(n) = n?+ 1
Solution: n2+1<2n?,foralln21 -~ n?+1=0(n?)withc=2andn,=1
Example-3 Find upper bound for f(n) = n* + 100n2 + 50
Solution: n*+100n2+50<2n%,foralln>11

~» n*+100n?+ 50 = 0O(n*) withc=2and ny =11
Example-4 Find upper bound for f(n) = 2 n3— 2n?
Solution: 2n3-2n?<2n3, foralln>1 .. 2n3-2n?2=0(2n3)withc=2and n,=1
Example-5 Find upper bound for f(n) = n

Solution:n<n,foralln>1 . n=0(n)withc=1andn,=1
Example-6 Find upper bound for f(n) = 410
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Example-1 Find upper bound for fin) =3n + 8 Pjv

Solution: 3n+ 8 <4dn, foralln=8
~3n+8=0(n)withc=4and n;=8 8L il

Example-2 Find upper bound for fin) = n® + 1

Solution: n +1 < 2n?, foralln=1
s+ 1=0(n") withc =2and ny=1

Example-3 Find upper bound for fin) = n* + 100n? + 50
Solution: n* + 100n” + 50 < 2n%, forall n = 11

-.n*+100n” + 50 = O(n* ) withc = 2 and ny = 11
Example-4 Find upper bound for f(n) = 2n® — 2n?
Solution: 2n° — 2n? = 2n°, foralln > 1

=2 = 2n? = O(n? ) with ¢ = 2 and n;=1
Example-5 Find upper bound for fin) =n

Solution: n=n, foralln=1
~n=0(n)withc =1andny=1

Example-6 Find upper bound for f{n) = 410

Solution: 410 < 410, foralln > 1
~410=0(1) withc=1andny=1
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Q Examples D
Example -1 Find lower bound for f(n) =5n?.
Solution: 3 C, nySuch that: 0 < ¢cn?<5n?= cn’<5n?= c=1and n, =1
.5n2=Q(n?%) withc=1and n, =1

Example-2 Prove f(n) = 100n + 5 # Q (n?).

Solution: 3 C, n,Such that: 0<cn?<100n+5

100n +5<100n +5n (V n >1) =105n

cn?<105n = n(cn-105)<0

Since n is positive = ¢cn -105 <0 ® n £ 105/c

= Contradiction: n cannot be smaller then a constant

Example-3 2n =Q (n), n3 = Q (n3), logn = Q (logn).
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© Examples PA

n® n O)LiaJl
Example 1 Find ® bound for f(n) ==-—3 "
Z Z
Solution: n? = n? —g < néforall,n=2
n? .ﬂ 2 :
=== thc;=1/5,c,=1and ny =2
= ®(n*)withc, c; =1 and n,
Example 2 Prove n # ©(n?)
Solution: c; n’ < n < c,n® = only holds for: n < 1/,
~.n#0(n)
Example 3 Prove 6n° # O(n%)
Solution: ¢, n’< 6n° < ¢, n> = only holds for: n < c, /6 P33 Data
3 5 Structures And
< 6n”# O(n%) Algorithms Made
Easy

Example 4 Prove n # ©(logn)

Solution: c,logn < n < c;logn = c; = ﬁ, ¥ n = ny — Impossible
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“Hﬂﬂﬂ Py
A
“ 60 100 20 40 20

Deatline
The Knapsack Problem
100 60 40 20 20 Greedy algorithm,
Knapsack algorithm
1 2 3 1-Fractional Knapsack

_ 1 I3 2- Knapsack

Greedy algorithm, Job sequencing

R, T
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3 3 a
F 4 4 6
Took this First 1o start after 2 Nireshes Then took this Here, 8; and f, are the starting and the finishing time of the activity ay.

n a2 “
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Efficiency
definiteness
Uniqueness
generality
effectiveness
sequential
parallel
backtracking
recursive

divide and conquer
dynamic
programming
optimization
Greedy

Activity selection
Job sequencing
Knapsack
algorithm
Huffman coding

divide and conquer
dynamic programming
optimization

Greedy

Activity selection

Job sequencing
Knapsack algorithm

Huffman coding

Space complexity
asymptotic upper
bound
asymptotic lower
bound
asymptotic tight
bound

profit

magnitude
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