
Basic Number Theory .
Divisibility : a divides b if a- integer k se b=ak

.

we denote this by a/b .

Examples . 3115 -2/4 7418
.

Exercise : Try prove
"

if alb and b/c then ale
"

.

( b -Fak c be )⇒ a Koa

Prime : a number p > I is prime iff p is divisible by only I and itself .
Greatest Common Divisor
-

egad)
.

Definition : gcdla.br) is the largest integer dividing both a and b
.

gcd( 6,47=2
. gcdC5, 7) =L . gcdG4

,
601=12

.

Co-prime : a and b are co - prime iff god (a.b) =L.
II

Computing GCD
: using Euclidean Algorithm .

"

--

Alternative method : prime factorization . page 65 of textbook

576=26.32 135=33.5 proves that prime

god (576 , 1353=20.32 . go = 32=9 .

(factorization is unique
)

.

The Euclidean Algorithm : ( Goal : 3-1=9 mod 26)
-

Example : Find gcd( 1180,482) . remainder

1180 = 2 . 482 t 216
.

de

<⇒ Tremainder . divisor

14% II dividend
T te

502 = 3 . 16 t 2 ignored .

V 16 = 8 - 121 t O
.

final divisor = geddit , 482)
.

Proof of correctness : Input a> b cw.l.o.gg ,

a = q ,
- b t r ,

b. = 92 're t re
→ r , = 93 - Tz t 83

÷. ) ⇒ gedca.bg -- re
.

tic-z = 9k - May try

win.ie gonna:I IT.
' "

!!
.

A
on
next → go.dcrk-z.tk - 1) = god ( re,

page



proof : re = 93 ' k t B
.

gcdcr , .rs) = gcd-crz.rs) d

① DIRT and

d -_gcdlrz.rs) ⇒ dlrz
.

dlrz ⇒ all @3 - ra) } ⇒ dlcgz.rzt.rs) ⇒ dlri .
dlr 's

② suppose f- Ir , and flrz but f> d .

Observe that flrz
,

this is because f) (ri - 93 .rs) .
This leads to a contradiction

"

flrz and firs
.

"

I

# = gcdcrz.rs) >f > d?
.

Runtime of the Euclidean Algorithm .

Theorem : if a. been
.

then runtime = oclogn) ,

a = 9 , - b t 'r , ⇐

b = qz - r ,
+ rz

✓
,
=

- r . - . -
- .

-

wish
to prove ÷ be E

.

Rick False !

god ( 13.8) i ( 13 = c . 8 + 5

8 = In 5 + 3
(
5 = .

. .
.

Proof : r , Caz
case 1 : b EE

.

re - b e E
case 2 : b > az 91=1

.
re - a- be E

.

Tighe on Fibonacci numbers
.

( runtime Oclogn))
.

God ( 55 ,
347 = god (34 .

21 ) = gcdczi , 13)

Fn X (Tty)
" = god ( 13 , 8) =/


