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Today - integers mod n

Mon-back at school

review for test

new
stuff if time

Weds - Test
1

Calculator is
fine



⑲rem:Letmewith n, 2.

Letx, y G X.

① Either x15 =4
or x =J.

② I =I

iff x=y(modn)
ift xe 5
=(oryex)

③ Acompleteset
of distinct

equivalence
classes

modulo n is given

-1.

by 0, T,
2,000,

E =F

Thatis, if
z - then

for a unique
integer with

0 rEn-1.

Moreover,
is the remainder when

you divide I by=3
Fl



rof:0 and & are in the HW.

Let's prove B

Letz =X.

By the division algorithm

z
=qn +r

where areand
Then, I -r =nq.

Thus, n1(z-r).

So, zEr (mod
n).?

ie E is one of8,5,2, ...,-1.



All we have toshow is that

none of 8,7,2, ..., Aone
equal,

they are all distinct.

Suppose Oa<b<n-1
with a

=5.

We will show thatthis
implies that a

=b.

Since a <b-n-1 we haveat
t

0 Ib -a
=n

- 1 - a
men

<n - 1

hi,n-1
Since a

=5, by part
of this

theorem,

tells us thata
=b(mod n).

this

So,al.
0 =b -a<

The only way we can
have

and n)(b-al is ifb-a
=0. [it]



Thus, a =b.

letEwitzuz
Define

Xn
=50,T,2, ..., 13

In is called
the Ariintegers

modulo Mo

-



#xxz
=50,T3

2, =E0,T,23

&y
=50,x,2,5)

Xs =50, 7,2,5,43

and so on...

wettodefine
+and in En

Whatif we justdefine
itthis way?

a +5 =a+b

a.5 =ab

Butis this definition
well-defined?



Whatdo we mean by this question?

Consider z
=50,5,23.

Using the proposed
definition -#thm

5waysmadea
to describe T and 2. Ifwe

redescribe them do we getthe
same

answer

because

For example, T
=4 in
-

because

1 E4/mod 3) and 2 =
- 10

2 =-10(mid3).
And

#1
==6 =8

4 +To - ↑
e
this betterbe (mrd3
the same

as

i +2

We getthe same answer in this

cast.



Trem (Addition and multiplication in

In are
well-defined

Letmewith
n2.

Given x,YEZ,
the operations

-

x +y
=x +y

and 5.5
=Fy

eSuppose
Since a

=
5 and c

=a we know]P
a
=b(mudn) and

c=
d(mudn)

By a theorem
in class

this implies that

(a+c)
=(b +d)/mod

n) and acEbd(modn).

Butthen atc
=Std and ac =Ed.,



#I =50, 5,2,3,4,5,53
7

Let's do some
calculations in 27.

5 +5 =5=π =d)

55.5)..4 =50.4 =0, TITomsie
-

staAnother idea:



-

58 =55? 31

=56:56.56.35
-

6
- 35W

55.5.5.T
=T T

56 =T

iswidzi


