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(Existence, Based on Memory Allocation, Based on Representation) 389 oldasll do dduas e ®

:Existence 39 auiiaidl .1
v Physical DS as Arrays, linked list ( Array fixed list (Sequential) ; linked list can distributed in memory).

v Logical DS Can’t be created independently as Stack, Queues, Trees, Graphs.
.5,5‘.'\1‘@‘-@.\.«.9@? &Hbjﬂﬁ%b‘jﬂ‘W&kﬁOi%W‘ﬂw‘@ .
:Based on Memory Allocation §3¢ diadll .2

v’ Static (or fixed sized) DS Such as Static Arrays.
v Dynamic DS (change size as needed) Such as Linked List, Dynamic Arrays.
: Based on Representation 339 cadadl .3

v’ Linear DS such as Arrays, Linked list, Stack, Queues.

v Non Linear DS such as Trees, Graphs.

:Operations on DS &ildaall do e dcwlad cldaall @

v Traversing, Searching, Insertion, Deletion, Sorting and Merging,.
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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
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asymptotic upper pli ga f(n)=n* pldl Ja Is f(n)= n® upper bound of T(n) =4 n* +4n +6 as n>=n; :(1) Jlx
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~ c2mn) (o Bamiy ng 9 €1, C2 Aads sluel S slmy) 05 13) daddg 13] .T(n) aolld

n>=n, J> ¢ . 0<= C2f(n)<=T(n)<=C1f(n)

n > 3u (16 9 C1, €2 Sl pgleell JSad) § Lo (2 dllnlly O Al (o i)
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6)ligall
#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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Examples of algorithm effectiveness 1 d=ols 1 34‘..5.4”‘3::)‘ Zt.j.n.aﬁ u‘.& Zt.\lni

6jliall

: . : 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

J

Total Time required
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Examples of algorithm effectiveness 2 o > l“i)‘ 211 2 Lad g‘-‘- AL, i

&)Ll
for(inti=n;i>1;i/=2){
/* constant time expressions O(1) */

}
9l J8T n e pall i saadl zuay G cldg (k oS) Sl e sue 1/2 Joe piuw Aahylosd! =ty ©
i bl minlég) islip n s 2 e JmmiZ' d8Ma)l 5, s /2 < T Je Jiamis 1 Solun
dxdad Ao ol JWly oMol dminsll Awiylazdl 3 (k wlghas) ldaall se 2 k o/ Co log,n < k.
Ayl ol 35,L o (g1 fogon sa dwslgt]

log, 9S Lple muuds] 9l X o oyl Q\S\Slﬁ log, OsSs Lple muuds) 912 s ol selasedl: 1AM ©

Lot Jelall Laslad Tyl (81 oyl Jageg (swolil Sy ¥ B yuld e By ale Sy 2 dlasdle @
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§)ial
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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Examples of algorithm effectiveness 3 e 3 l“})‘ 2 1 2l ‘JLS‘- 1L i

5ol
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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Examples of algorithm effectiveness 4 o 4 l“i)‘ 211 2] Lad g‘-‘- AL, i

&)Ll
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++;
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Examples of algorithm effectiveness 4 o 4 l“i)‘ 211 2] Lad g‘-‘- AL, i

§)iaJ
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).
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6)liadl
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++;
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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 (int k=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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Big-O Examples [>A

Example-1 Find upper bound for f(n) =3n + 8
Solution: 3n + 8 <4n, foralln>8 . 3n + 8 = O(n) with c=4 and n, = 8 // --(therefore)

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




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

2

Example 1 Find © bound for f(n) = ”? _g

: 2
Snlmjnn:n?g n?—g-'-:_i néforall,n=2

. 2
n?— 2 — {:}(nzjwithcl =1/5,c;=1and ny =2

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
- 6n° # O(n?)

Example 4 Prove n # ©(logn)

Solution: c,logn < n < c;logn = c; = ﬁ, ¥ n = ny — Impossible

[

6)liogJl

P33 Data
Structures And
Algorithms Made
Easy
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Greedy algorithm, Job sequencing

100 60 40 20 20

The Knapsack Problem

Greedy algorithm,
Knapsack algorithm

1-Fractional Knapsack

2- Knapsack

MU-EPP-FM-010
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Here, s; and f; are the starting and the finishing time of the activity a;.
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