
Congruency
Definition :

a=b (mod n) iff Cato) is a multiple of n .

Properties :

i) at a (mod n)
21 a -=b (mod M iff b a (mod n)

3) If a -= b ( mod n) and b=c (mod n)
,
then a=cCmod n)

.

4) If a -=b (mod n) and C=d(mod n)
,
then

i) Atb = Ctd (mod n) Example : Solve x -17=-3fnodid.

ii ) a- b = C - d (mod n) .

H

X =-3 -7 = -4=-13(mods)
iii ) ab = ad (mod n )

(page 72 of textbook gives
"

t
"

and
"

X
"

tables for modulo 6)
.

Division Modular Arithmeticin
solve 5×-16=-13 (mod Il)

.

4. iv) If ab -=ac (mod n) and gcdca.nl =L
,=

then b=c (mod n)
.

Proof : Because go.dca.rs) =L
,

the extended Euclidean

algorithm can find two integers X and y se .

axtny =L.

①

Cab - ac) x + ncb- c) - y = b- c
= =

I
ab=ac (mod n) ⇒ (a multiple of n ) -- b- c ⇒ b=c (mod n)

.

Examptel 2X -17 =3 ( mod 17)
2X E - 4 ⇒ XE - 2=15 (mod 17)

gcdcz.nl#Exampl-e25×+6 = 13 (mod 11 )
54=7 ⇒ ×=g (mod 11)
54=-18 gcdcs , a) ⇐ I
b- X = 29
b- X = 40



Multiplicative Inverse
-

Definition : Suppose gcdca , b) =L
.

If a - S = I (mod n )
,
we call s the multiplicative inverse

of a modulo n . ( s = a" )

Computing s ?

Use the extended Euclidean algorithm on input Cain)
.

Output : two integer s . t St .

as the =L ⇒ as =L (mod n)

Solving ax -=b (mod n )
#

Case Is when gcdca , n ) = I
.

Find s sit as # (mod n)
.
SIX)=s- b (mod n)

The solution is X E S - b (mod n)

Example : 5x=7 (mod 11 )
.

5. GI) t Ll . = I ⇒ 5.(2) = 5.-9 (mod n )
XI 7.9=63 = 8 ( mod 11)

,

case 2 : when gcdca.rs) > l.

Let gcdca , n) = del .

If dtb then there is no solution
.

Lemma : Yd = Zd (mod nd) iff y= 2- (mod n)
.

get

Equivalently , we solve ( day .x=(F) (mod d1)
.

gcdtd.hu/--lzf the solution is X= Xo ( mod na) .

then the solutions to the original congruence are

Xo
,

Xo tha ,
X. t F - -

n

,
Xotcd- D.I

Example : 12 X = 21 (mod 39)
.

(mod n)
.

Equivalent to 44=7 (mod B)
He

4=5 (mod 13) v
H

X E 5
,
18,31 (mod 39). ✓


