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Algorithms, Complexity , &Structures

Why complexity matters ? Efficiency
Given two lists

,
fund common elements

fora in 11 : - m,
4..nzfor y in 12 : M2

comparisons
If n==y (

add x to output
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Validating SIM cards
Check if every

sim has for i in 21:-2,

a vald Addhaan Number #ukl2:

repre
h = SIMA Aadhaar-n, for y in 12: -1.
12 = Andhaan data - 12

IfM= Y :
n
-nz mark a OK

What are n
,on?

mark i bad
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M
.
- SiM cards - -loocove = 1109

12-Aadhaar numbers ~ population o 100 cr = 1x10

n..= = 1018 companions 109 ops/sec
Typical highend desktop/laptop At least 109 sees

108 to 10t ops/see



Madhavan Mukund Lecture 18, 22 October 2024 PDSP Lecture 18 2 / 36

109 sees ?

60 sees = I min How To
60mm : 1hr = 3600 see

FIX ?
Lehr = 1 day = 9000

36W day 36000000
~ 100 years
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>matter
sorted An
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Guess birthday How
many question2Tme 9 Oct

are needed

3Sep
zoor-

15 Nov

24 Oct
--

21 Oct
I Jam 3) De

11 Oct
Each step halves the search interval

6 Oct
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⑪ Binary search

i sorted value

29 = 512
↓

28 = 256 logzn! log ,52 = 9
queries
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20 = 1024 -1000

log, 1000 - 10

log 100000 = 20 210x2 = 2
lot 10

log 109 30
1000 X 1000



Madhavan Mukund Lecture 18, 22 October 2024 PDSP Lecture 18 2 / 36

Assume Aadhaar is sorted

for 2 in SIM : 109

check o in Andhar : -- binary search in 109

30

109 X 30 = 30 seconds

vs 100 years
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Additionally - Sort Aadhaar How long does two take?

Why not ternary ?

What are we measuring !

How ?
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Behaviour depends on input
- How big
- the it is arranged 1) Ideallyoverwean

a
behaviour

Measure WorstCase behavior

as a function of input size
Specific inputs

↓
"Worst case"
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Function of size

Searching an unsorted list - Takes lengl of list

f(u) = cn Inputsize = list lenght

Checking of a list has duplications

for i in range (len(e)) :
for g in range (LT1 , en(e)) :2-
hi] == e[j] ?
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1 +2 + . -
+ n-1 =-=

↑ 1Asymptotic complexity c .n
?

don

f(u) as n-> 0 ↑
dominates as

grows as c.n
n->A

grows as c. n
?



f(m) = O(n) "Bigo"

Je Fuxo f(n) - on

f(u) = 0(nz) JcFu fluis ent



f(n) = 5n2+6n = 0 (n2) x=1

11 I

32 4

9 ③
52+ In2 + du? c =5

- -

n26 n
n3 <n



Highest degree turn matter

O(n) bette them Olay
,

is batte than 03).

logh on lognsu



Orders of magnitude

Input size Values of t(n)
log n n n log n n2 n3 2

n n!

10 3.3 10 33 100 1000 1000 10
6

100 6.6 100 66 10
4

10
6

10
30

10
157

1000 10 1000 10
4

10
6

10
9

10
4

13 10
4

10
5

10
8

10
12

10
5

17 10
5

10
6

10
10

10
6

20 10
6

10
7

10
12

10
7

23 10
7

10
8

10
8

27 10
8

10
9

10
9

30 10
9

10
10

10
10

33 10
10

10
11
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#
--



Input size
list - length

Multiphyny 2 numbers (in base 10
, say)

kxl 238
as 47 161

92X



No of digits in decimal = logo (2)

Size is log of magnitude

Naive primality testy
for i in range (2 .2): O(n)

check if n% i == 0 o (plogion)
time


