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Last + line Today Next

him
. Finish solving

. Finish properties of mod ' Euclid 's algorithm
equations ( modn )

- exponentiation for GCD
. divides

,
division

- add . & mult
.  identities

- inverses ( modn )
- add . & multi inverse ,

' Primes

' solving equations ( mod n )
. GCD

,
Lcm

- iin verses & linear decryption



Check " Is 21 the multi inv . of 5 ( mod 26 )

21.5 I
1 wd26

105 E I nvdLf

(4.26+1) = 1 nod 26 ✓

÷
x= yts ( nod 26 )

21 . sx= 21 ( ytis ) Cod26 )

X = 21 y +21.15 ( nod 26 )

= 21 .yt 21=35lwd26 )

= 21 .yt 63.5 ( nvddb )
= 21 . yt 11.5 lnod 26)

= 21cg + 55 C wd26 )
= 21 . y +3



Encryt : y = 5×+11 L mod 26 )
Decrypt : X = 21 . yt 3 ( mod 26 )

_

* rant

mail.si#nYaEg
→ a

Decrypt : U → 20 → ( 21.20+3 ) wd26

= 121=5.4+3) wd2f

= ( 105.4+3 ) nvdLf

= ( 1.4+3 ) nvd 26

= 7

→ 4



Divides

a divides b
,

denoted alb bmda=O

e. g .

214 # 4wd2=O

a doesiot divide b
,

denoted atb bwda # 0

e -9 . 2115 ⇐> 5 nod 2=10

Properties
I , If alb and alc then al ( btc )

e. 9 . 214 & 216 ⇒ 2/(4+6) ⇒ 2110

2 . If alb then al b. c F nitegersc

3 , If alb & blc then alc



Print

Deft A positive integer P > I is print if

¥ k
,

1<k< P
,

such that klp .

Fifes i. Sieve of Eratosthenes

02304/5061/708/911/0/0*130#1/5/1/607#@##

X→ xbmrdn



theorem : There are infinitely many privies

Proof : Suppose for the sake of contradiction 7

only a fine # privies .
Let

S= { P ,
,

Pa
,

B
,

- ,
Pn ) .

Now consider

P= p , .ph . p }
-

. . pn +1
.

P is either Prime or

NM - priine ( coupon
-

→

Case I '

.
P B priine .

Then P must be in S
.

But P is bigger than every Pi in s
.

* .

Can 2 '
. P B composite .

Then P must be a product

of primes In S ; i.e.
, some Pi in S must

divide P
. But nd pi divides P evenly :

always get a remainder of 1 .  *

Thus ,
claim must be true

. ( alternative yields
contradictions

. )



Fundamental theorem of Arithmetic :

Every positive integer has a unique

Prime factorization
.

E. 9 , 142 = 2.71

136 = 2.68

= 2.2.34
= 2. 2.2.17

= 23.17

96 = ...  = 25.3



GCD = greatest common divisor GCD ( 12,15 ) =3

LCM = least common multiple LcM( 12,15 ) = GO

Det : GCD For a db
,

not both 0
,

the greatest common
. - .

DIN of aelb
,

gcdla .b )
,

D the largest d

st . dla & dlb
.

Det : LCM For a db
, the teat confirm multiple

.

-

of a&b is the smallest
-

integer m

sit . alm & blm



GCD 4 LCM Example )

scd( 12,15 ) =3

Sed (6/42)=6

9Cd (110/66)=22110=025.11066=20,3
.@

Scd ( 128
, 10931 ) = 1 128=27

10931 is odd

Scd 1289
, 10931 ) = 17

289 = 172
10931 = 17.643

Scd ( 22.5.13
,

2.547 ) = 2.52=50

Scd ( 2 ?z ?
5. 72

,
22.345 ? 7) = 22.3 ? 5.7
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Last time Today Next trine

=
Finish solving . GCD

,
LCM - Finish Ext . Euc

.

equations Cmodn )
. Euclid 's Alg .

. Public . key Crypto
- additive in verses

- multiplicative Inverses
for GCD

. RSA
- proof

. divides
,

division

. primes
° Inverses modh

. GCD
,

Lcm
- Extended Euc . Alg .



GCD ¢ LCM Example )

scd( 12,15 ) =3

Sed (6/42)=6

9 Cd (110/66)=22110=025.11066=20,3
.@

Scd ( 128
, 10931 ) = I 128=27

10931 is odd

Scd 1289
, 10931 ) = 17

289 = 172
10931 = 17.643

Scd ( 22.5.13
,

2.547 ) = 2.52=50

Scd ( 2 ? z
?

5. 72
,

22.345 ? 7) = 22.3 ?
5. 7

scdlpi ' .be?..pnen,pfpE..p.nh)=pininle' '
f

' ?
 -

pnmincenifn
)



LCM : least common multiple

1cm ( 12,15 ) = 1cm ( 23.3
,

3. 5) = £ ' 3 . 5 = 413.5=60

1cm ( 25.3 ? 5.73
,

22.34 . 5 ? 7) = 25.34 . 52.72

1cm ( p
,e 'Re '

- pnen
,

pf'
- pfn ) = pmaxlenf

' !
. .

pnmaxlenifn
)

_

Claim : an b = gcd ( a. b) ,
1cm ( a. b )

9=025.302.057020
red green

b= 2203045027
a .no#ooo.o*oifaHrEIIEEY1cmCa.b)=9'b9cd(

a. b)



claim " 22

Can
tile

an
Axb space

. #
y

,
a

common
#

*
€ " & "

evenly
wldxd

tiles

n¥e¥a¥6EH%l%k¥azb 9419 , b) = gcd( a- b. b ) 9cd( 22,6 ) = gcd ( 22-6,6 )

f = Scdl 16,6 )
= gcdlatb ,

b )
= gcd( 10,6 )

= scd( a- 3b
,

b)
= Scd ( 4,6 )

=
tcd ( a- qb , b)

whaeldqbtr -

= 9cd ( 6,4 )
= scdlamodb

,
b) = Scd ( 2,4 )

9-fegcdcbyambjh.cl
( 4,2 )

= 9cd( 2,2 )
e. S ,

scd( 22,6 ) = Scd ( 6,22 wd 6) =gcd( 6,4 )
= 2



Them : azb
, gcd ( a. b) = gcd ( a- b. b )

Pf : g is a common factor of adb

iff g B a common factor of a- bells

⇒ S is common
factor of adb

glad glb

At C
, .g ,

b= g. g for some iut . G d CL
,

GZCN

a- b = C
, .g - czig

= ( c
,

- CL ) . 9

= Czig for C } = C
,

- CL

So
, gl ( a- b ) ( and 9lb )

91 ( a- b) ¢ glb⇐

q_b@y.gbn-cC9-caig-cy.g
←→ a= Cagtcyg so ,

919 ( and glb )
= ( catcy ) .g



them : azb
, gcdlaib )= 9cd( b

,
amodb )

Pf : Let a= qbtr by divnimalg ,

where r= amodb

Then
gcdl a. b) = gcd ( at

,
b ) ( preuthn )

= Scd ( a -2b
, b)

1 1

:

= gcd ( a- q b. b )

= scdcr
,

b )
= sad ( amvdb

,
b ) ✓


