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Modular arithmetic . Finish properties of mod - GCD

,
LCM

' Division algorithm - exponentiation a Euclid 's alg .

i Formal definition of mod
- add . & mult

.  identities
' Properties of mod

- add . & multi inverses
- addition

- multiplication
' solving equations mod n

- exponentiation - iin verses & linear decryption

÷ wf
° divides

,
division

,
privies

÷ roof



13
'

mod 11 = 2

132 mod 11 = ( ( 1 }wdu ) × (1) wdll ) ) nodll

= ( 2×2 ) mrlll

= 4 nod 11

= 4

134 mrlll = ( ( i }3wdu ) × ( 132inch ) )nodY

= ( 4×4 ) md 11

= 5

138 nod 11 = (5×5) wdll

= 3

s

)

:

what about 1314 nodll ?



Answer : represent 14 In binary

16 841 2 1

14 14=8+4+2
I I I 0

⇒ 134=138.134.132
So . . -

13
"

mod 11 = 1138.13 ? 13h ) nod 4
= (3×5×4) nod 4

= 60 nod 11

= 5

÷
= 3/937 , 376,385,639,289 mud 11

Real crypto :
. Use 1024 bit  numbers

,
309 decimal digits

. exponents Z 65537

→ intermediate result 20/202,090 digits



13
"

mdll
8 Y 2 I

11 : I 0 I 1 11=8+2+1
= ( 138.132.13

'

)wdl/
13 "= 138.132.131

= (3×4×2) mdll

= 24 mrlll

= 2



Addition & Multiplication tables
,

mdh X→ a. x mod }

�1� mod 3
X

0 1 2#÷#ta¥¥
2 0 2 I

�2� mod 4 X

0 I 2 3 X→ a. X mod 4

×µ# ← bad

a #2012¥ ⇐bad

3
1013

1 2

11



Decryphiglinearencnyphin : y = 5. Xtll nod 26

Y= 5×+4

5x+n=s .
" Ieee'IFe| III." I. !y+.iTdkY

5×+11 - 11 = Y - 11 5x= yt 15 ( nod 26 )
a

ys
is

the
M¥14

"

5X = y - 11 need

multi
t.sn/=ts(ytl ) of 5

inv .

X = stly - h ) of  5me
need multi  iv. of 5

,
nod 26

' let i be the malt .  inv . of 5
,

nod 26

⇒ 5. i= I nod 26

where 2&i are integers⇒ 5. i= q 26+1 -

i= q . (5+14)+45 2=4

⇒ i= 46+451+45
= 21



of = 4×+3 nod 26

4. I = g. 26+1

i= q (6+112)+1/4


