
UHFDS old valves : a
'
,
b
'

Extended Euclidean Algorithm new values : a -- b
'

gcd( 28111) ! ( i , 2 , -s) b = a
'
- b' ( Lay))

god ( Il , 6) i ( I , -1,2) -
- - -

- - . .

I
-
-

god ( 6 , 5) ! ( I , I ,
- t ) - I = ( 1) (6) t C- 1) (s) ! ,

i r lhverses
god ( S ,

I ) ' ( 11011 ) d = ant by ,
I

, god (Ny) = an t by
god ( I , O ) ! ( l l l ' O) '

inverses iff god (my) - Id a b r

- - - - - - - - -
-

god ( 32 , 6) ! (2, I ,
- s) - 2 = (1) (32) t t

- 5) (6) ✓
.

-

-

I = an +by
god ( 6, 2) / ( 2,0 , I )

,

-

-
-

-

f y
god ( 2,0 ) ! ( 2, I , o) ,

-

d a b I = an + by (mod n) l E an t by (mody)
(

l l E by (mod n) I = an (mod y)d will always be the ged .
,

y
b is y
" mod n

a is n
"
mod y
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UHFDS
I

Sets . . . can be mapped using functions
do

c- me

domain set of inputs f : X → Y maps each NEX to some y EY

codomain set of possible outputs \

range set of actual outputs injective at most one! mapped to each y
↳ aka image

↳ aka one-to - one

surjective at least one n mapped to each y
→ ↳ area onto

bijection
'm

exactly one n mapped to each y

surjective
↳ f is bijection ⇒ f has inverse function

1 one-to - one AND onto OR

to prove a bijection . . . need to prove it is → one-to -one AND 1×1=171 OR

↳ onto AND 1×1=171

if god (a, m) = I , fCn) = an (mod m) a
, n E { 0 . . . . m-13

• domain t range are from same set → same cardinality
• WTS infectivity ; if flu) = flu

' )
, n

-

- n
'
. Show (nfn

'
⇒ an ¥ an

' mod m)→ P

• assume 7 P '
. NEE N

'

n an I am
'
mod m

t
an I an

'

mod p
• F a
"
modMf b/c god (a, m) = l ) !

a-
'
an E a

"

an
' mod p

l w w
so we know Hn) is injective . i i

i n't n
'
mod p . 4



UHFDS
Chinese Remainder theorem

h l l h z - . . Uk coprime- N z n ,
• hz . . . .

o Nk

for the system n = a , mod n ,

'

r

.

N E are mod Nk
k

N is unique mod N and n = ai bi mod N

c- = g
-I

bi
-
- Fi (F.)ni
-

"

"
-
- -→ inverse of Eni , in mod ni



UHFDS
ME 2 mod 3(RT Example , n ± 3 mod 5 ⑨ first deal w/ the Os .
N E 4 mod ? N needs to be divisible

by 5.7 . N = 35M① and :* ÷÷:}#⑤

Eiji i.÷÷?
"

② Nz St n I 0 mod 3 21
"

mods = I

gouow
I 2 .

21 I mod S NE 21 . I
these N = 35.2 = 70

0 mod 7

steps n = I mod 3

to find y
O mods

③ Nz St n I 0 mod 3 IS
"

mod 7 = 1 ( O mod 7

IS 0 mod 5 Nz = 15 . I
bath N" 70 meets

these
I mod 7 L constraints

④ U = 2(n , ) t 3 ( nz) t 4 (Nz) (mod 3 - s - 7) 53



UHFDS
Basis Vectors -

in - linear algebra , you can build any vector as a linear combination of
bias's vectors

II.f- Y
'

: ) + yl ! ) + al : )
Vi Vz ✓3

Similarity to CRT .
-

-
.

. ,
a
.

-

-

-

i V
, I I mod n ,

l l
Vz I 0 mod n , I Vz I 0 mod n , I

l l l l

K E A, mod hi
1

,

I 0 mud nzl
,

I 1 mud nz I § E O mud hz
' l l l -

l l
K E Az Mod Uz !

. . .

I 0 mod h3 I
,

I 0 mod h3
y ,

= mod us
,
;

--

l l
- . y

'
-

e .

K E As mod ng

find k .
K = A

,
V , t azvz t 93 Vz (mod N)

(N = n, . nz - ng)



CRT
-

a
NE 5 mod 17

Nl = 1089

ME ⑤ mod Il Nz = 1530

NE 2M mod 9 Nz = 187 . 4=748

M I I mod 17 ←
Ni = 99M←

0 mod HE 99cm I I mod 17

0 mod 9 ←
m= It

N= 99 . It = 990

+ 99

10-89

M E O mod 17
Nz = 17 ' 9 . m

- 153M
I mod n

O mod 9 153in E I mod Il

Nz Z O mod 17
ng

= 187 m

O mod 11

187M I l mod 9
I mod 9 ←

m=4

N= 5 (1089) t
3. ( 1530)

+ 21948) mod 1683
-



UHFDS
Fermat's little Theorem for prime p and god (a,p) =L , AP

- '

= I (mod p )

Proof : a -40 .

S = { I , 2 . . . P-l} honcho Ints mod p .

S
'

= { la , Za . . .

(p-1) a } when ged (a, p) =L , flu) = an (modm)
is a bijection .

f- : S -s s ' is bijection

Take both sets mod p .

all elements are E { l - - r p- I } and p- l elements,

so every i e { i . . . p-i }
must be in S

'
.

I Consider both sizes mod p .

S = S
'

/ ALL i e { i . . . p- i } are coprime to

IT s = (p- t) ? IT = ap
- I

qp- e) ? ! So (p- 1) D, has inverse
mod p .

SES
-

SES
' -

-

-

y 1¥,
E a

P
- '

¥! modp

(p - 1) l
,

= at
"

(p-1) l, s a
P-' = I mod p




