
Solving ax -=b (mod n)
.

#

when gcdca.nl =D > l .
Example : 3X=2(mod b) . ⇒ 311=2 (mod 3¥

=
"
- =

No solution ! 9=2(mod 6) ⇒ 4=2 (mod 3)
.

Example : 1211=-21 (mod 39 ) .

iff ¥X=7 (mod IZ) . → reduces to Case I.

In.LU/weexaIirecec-fx=-5Cmodl35#x=BkIhE?9edCacnT-- I .

answers . X= 5 , 18,31 (mod 397=5
,
18

, 31,44 . - - -

# solution = d
. k=3k' or 3441 or 3kHz§X= Xo t i . ha ) for i - o

. . .
.

@- i) .

(mod n)

chineseRema.in#heorem.CCRT) CRT can be generalized to more

4 than two congruence equations .Example :
x=zs @day ⇒ { xx , Ym:& I}

. (uanrdeerpaqqdiq.me?hat the divisors)I

X= 42kt 25 ⇒ X= 7. (6k) 1-(73+4)
x= -617k) 1-(6.4-11)

Theorem : Suppose god (min)=l . There exists a unique solution X (mod mn) to

the following congruences :

X = a ( mod m)

X E b (mod n) .

proof (uniqueness) : suppose

[
there are two solutions X and X' where X# X'Cmodmn) .

(x- X' ) -=o ( mod m)
(x- x' 1=-0 (mod n, ¥,

mnlcx-x's
#

Lemma l : If gcd.cn#n.n7=l , and c is a multiple of both Manda
,

-

then c is a multiple ofmn.pro#:gcdCminI=I⇒ m.stn.tn -- 1)⇒ c -= tent

c=mk-_ ne = nlmstmkne
- -

=

mnclstk-3.AE#T:

I . Use the extend Euclidean algorithm to compute Cs. -4
mst ht =L

.

2
.

Return X= ant + bms (mod Mn)
.

Correctness : ht =L (mod m)
Ms = I (mod n)

we can verify X=anItbmg= a (modem)
similarly X= - - - = b (mod n) .

Alternative algorithm : X=- a Cmodm) ⇐ nx Ena (mod mn )
- X=b (mod n) ⇐ MX Emb (mod Mn)

(Mtn) x = antbm ⇐ X = Cmtnjtcantbm) (mod mn) .

gcd (min) ⇒ gcdfmtn.mn) =/ ,

⇒Tmtn" mod moi>
exists .



Modular Exponentiation .

-

what is Xa mod n ?

Example : 21234 mod 789 .

Last 3 digits of 340'
.

a

Attempt 2 : compute X and then mod n
.

Too slow ! Need to work with very large numbers
.

Attempt 2 . (④ - X mod n) .- X mod n) . X mod n) - - - -

-
repeat a times

This is better
.
We work with only numbers < n2

Still slow . Need @- is modular multiplication .
Repeated squaring .

-

we can compute (Xa mod n) using at most

2- logia) multiplications mod n .


