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Adalyze Endidean Algoctane

Find 9cd(a,b) whaa=b

a =bq+ okv,<b

b =r,q,
trz 0 rz < N,

5, =v2qz
+(3 8 -B < u2

12 =1393
+4 Ok v13

:

Vk =0
↑-

How many steps to reachvic= 0

Observation: - b steps of divisies

Running Time is O(b) = 0(2196) exponential

w.r.t number ofbits of b.

⑭2-forall;the

runcing time is Ollogb) linear writ

numberofbits ofb.

Is ri+i <Vi/z? Notreally.



If vi+1)

Py =Gi+ri+1
+ri +2

Whatcould be the value ofgift?

canitbe a?

No. If gi+1
=2 theNi =2N# tri+2

> 5i +5+2

notpossible.

50 9i +1 =1

ri=5i+ 1
+ri+2

ri+z =ri- (i+1c i .

Atmost two stops is aquired to reduce the value

vi to half.

In general, we can prove that

ri +a
<

Efor all valuesofi

-

·

⑨



(3<vc

V5<r3c

r7x i<
rax +1<

·b +k =409 - 57

Thee< 1

(2x + < 1

S0,12x1 =0

After21+) =2 T00267 +1steps,
The algoathe terminates.



Running Time of an Algorithm

Analyze an algorithm:running time in terms

of # ofbits ofthe

inputN.

If Ibits are required to store inputN

and the running time of the algorithm is

0(k), the algorithm is polynomial

O(K), lined

O(kF), quadratic

O(e) for constant c,
exporential

# ofbits required to store an input N is logs N

:



Difficulty of a problem

"Easy":solvable is polynomial time

"Hard":solvable in expocantial time

using the most efficientmethod

currently known.



Compute GCD (a,b) a=b

Euclidean algoctime:0 (log b)

Easy problem

Compute a
+nod n, g2d(a,n)

=1

Extended enclidean algorithm:0 (logn

Easy problem



M Exponentiation.

Given 9, X, 1, compute gmod n.

Tosuccessive multiplication

992 93 94,... .

T-
I ⑨ I

O(x) modular multiplication

square and multiply

OlogX) modular multiplication

Easy



Square and multiply Approach

218

compute 3 God 1000.

218 =2 +237 24+ 26 +27
21 8 2+23 +24 +26 +2

7

3 =3

4 7

= 37323.32.326.32

30"for i =0 to 7

We compute

1

↳ ↳

square square

oogix) modular initialication



Square and Multiply Algorithm


