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Algorithms +Data Structures = Programs Niklaus Wirth
- au Pascald -

Efficiency
↓ "Classical" memory based

Resources

-7 computation

Time Space "Ignore" space



Example
-

Checking for common elements between 2
lists

common =[S

for x in 21 : I N

for
y
in2: m n

If x ==y : < nxm timesa

common. append (2)



Application
-

Check if every SIM and registration has a valid
Andhaar number

SIMlist Check common elements

m Alist Earther nested loop = /SIMlis)X/Alisit
n - M

What are & m ?

m ? -Pop of India = 162 more 109

n ? Also 109



Nested loop takes 101x109 = 1018 iterations

At least 1018 "basic operations"
Processing capacity
Python = approx 107 ops/sec
Cfett = upto 108 or 109 ops/se



1018 ops Python 10"Seconds 101%7

10/60 = 1 .6 x109 minutes

16x100 = 1 .6 X107 hours

1 .6x105/24 = 7x105 days
1x105/365 = 1 . x X103 years



Solution

-
1

Think of V In [1 ,NJ .
Guess it ?

Make a guess Y, YesX
-

No x7Y

Strategy - start with Y = N/2 - Guaranted
to halve the
search space



-N
I zN12

X >Y -
mer+ N

eninte 3N/4
#

-N,

1 log,



Sort Alist

for x in SIMList logn

search for u in sorted Alist--"Binary search
"

12 -> nlogn 100+10 20= 1024 = 10
103003x103

I ↓ I log, 103 = 10

109X109 109 Y log 10 = 30



1018 ops -> 30x109 ps
↓

30x10
"
sees = 3000 sees

= 50 minutes

= 1000s years -> So ninter

Requires efficient sorting of Alist



Analysis of algorithms
What are we measuring (calculaty) Time

Depends on input size

T(n) - time on input of size n

Which input of size i ?

LIdeally "average" case

L settle for "worst" case



Input size?
Structure - list : no of elements

Number theoretic algorithms
Addition of multidigtnumbers

10x value774 -> 1745

+6
H steps 8928



# of digits ofa in base 10 =? = Logo

Primality

Isprime (n) !

Check divisibilty by 2 .. n -1 = n steps
↓

Asymptotic WorstCare complexity
lolosion



Orders of magnitude

unt is enentally
Why isneth "same" as n2 ?

ze st.1 ent for every



n2+n is "same as" n2

with < n2+
-

& In2 for all n

"Focus on largest term"



Ef(g(n)
foal a

↓z

f(n) in O(g(n))

uk = 0 (n) if ke

logn inu laz . - -
2"



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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