
/Discrete Quiz 17

1. . .
2 There are were00means - bankers

Ran phioles = passcodes
(2600,

so PHP- at least I
barkers

have same passcode.

E - : /Bankers) - E passcodes
X+ passcode for x

Is not 1-1 because

IsBankers31 = 3000, ISpasscodes)) = 2600

3
.
2601 is smallest.

Ltimebular Arithmetic



En = 501 , 2 .. n-13 = remanders

woon

a#b = k+b) woon

afb = (a-b) mod n

ab = Ca : b) modn

satisfy usual algebra rules :

① Commutative : ab = bea,
ab = b- a

② Associative : aD(b+ =(afb)0

ad(bfc) = (a(b)

③ Identity aG ) = a ,
a 0 =a

G Di = (a*b)(a)

Reall multiplication table

for<



-

g 123456 Each nonzeroi
Remark :

246135 column-Row
2514 contains all
5263

7 elements2 of17,

so can
divide by Konze

numbers : y= 5 = 5
because 385 = 1

x= = 6 bk4 * 6 = 3

1
.
%304 = 6

& modulartion
Contrast this to the case n = 6 :

Ed table for Q in 16



34
012345
2024027

37 I30
Here 304 is not defined,

because there is no
solution

to 40x=

But z =5 6k 585 = 1

and Y= 504 = 587 = 20= 2

You can divide by 1 and 5

&: Let OF XEIn .
A

I

reciprocal (or modularinverse



for x is yGTm : x y =

(l .e , y = 5) . If X has a
reciprocal , then X is vertible.

The set of all invertible elements

In is devoted &**

(So In Ex2, 2 = 51 . 53)

↑ : Let at In ,
nT 0 .

& If a is invertible, then t unique

② If a invertible and be In,

Jc : c = bla and c is unique,

Prof :DIf c = - and c' = -,
then ac= 1

,
a@c' = 1

, so

c = cQ) = cQ(a *c) = (cGa)



= (0 = d
,sc

=c

② c = bla means a c = b,

but then QQc = tob
Wil

c = 10

so c = t0b

Ex3 Compute it
20 = 30 , 1 ,2 .. 93

OIN 2* X = 1 has no solution,

so 24 also 4
,
6
.
8%

50x1 no solution
,
so

only need check 1
,
3
,
7 , 9

Now 181 = 1
,
387 = 1

, 9847 ,

so 70 = 31 .
3
,7 . 93.



What's the general pattern ?

Reem For at Th

a invertiblea rel
. prime
to

Prof : a invertible 7x7n :

-

a* X
=1 56 : aX= l (wedu)

#7xn : n)l-ax <

2 xoKniyt4 :
my = 1- ax#

Ex , 67 : 1 = extry it

gad(in) = 1 Sa ,
n rel .
prime

ExY End I I and inverse

T
, 8 = 31 ,5, 7 ,

11 , 13, 17]

T = 1. = 1 , F = /1 ,+ = 13,

Y = 5
, Y3 =7



Ex5 find 11 and 8

Cab In 110 · + = 36

703 = 1 .

Thus = 8 = 803 = 4.

(b) In 40 · Now 12 = 16

and brute force approach is

notanvenient.

But theorem suggests that

solving TX = 1 is same

as solving 7x + 40y = 1,

we know howfrom $36.

D40 = 5-7 +5

82 = 5 - 1 + 2



③ 5= 2.2 + D = gad(44,71.

1 = 5 - 202*- 2(7 - 5) =
-2 .7 + 3 .58 -2-7 +3(40-5-7) =

- 17 - 7 + 3 . 40 =

T
so x

= -1) = 23 (not led,

: = 23.

% = 807 = 8823 = 184 = 24 (rob30)

= 8 = 24.


