
Computing Discrete logs .

n is a prime .

-

.

Example : solve 5=-6 (mod 7$
.

Brute-force ! Try 3
'

,
32

,

a - - until we hit the answer
.

X=3
.

Runtime Ocn)

we can compute discrete logs in time own )
.

Baby step . Giant seep
-

algorithm
-

?

Input : A
,
n

.

n is prime , a is a primitive
Is be n - y

( root of n )
Output : l E X E n- I Sit.

of Eb (mod n) .

Algorithm : Pick m se m
'

> n- I
.

Compute two lists .

I . at mod n for o e- jam
2

. b. a-
km

mod n for OE Ksm .

T

extended Euclidean ⇒ 4aKym mod n
.

b ,
b - a
"

,
b. a-
"

,
b. a-

3k

.

. .
. .

If there is match between these two list :

AJ = b . a-
km

(mod n)
TI

Akm'T
'

= b ( mod n) ⇒ Output

z
x ← kmtj .

Correctness : the correct x En- 1cm
Kmtj

written as j=Xo A =bx = Xotmxl
. ⇒ ⇒

(mod n)where OE Xo
.
X , am . k=Xl

Example : 2×= 5 ( mod 13)
.

M=4 St. MZ> 13-1
.

List 1 : j : O , I
,
2
,
3

AJ mod n : I , D2 , 4 , 8 .

List 2 : K : O
,

I
,
2

,

3 b=5 (mod B) .

b. a-
km
mod n : 5

.

6
, D2 , 5 A-ME 2-4=-9

It

59 mod B 2-1=7 (mod 13) .

X = Kmtj = 2 - 4 t I = 9
.



Index Calculus .

-
Find X St

.

Example : ↳(37) . (mod 131) - ⇐ 24=37 (mod 131?

21=2 ( mod 131)
28 = 53 (mod 131)

.

28=-256 = 125=-53 (mod 131)

212=-5.7 (mod 131)
214=32 (mod 131 )
234 = 3.52 (mod 131)
TI why mod Cp - D ?

① I = ↳ (z) ( mod 130)
/ AP" El (mod p )

② 8 = 3 . LzC5) (mod 130) . ax = AXTCP
- t)

③ 12 = 1215) + ↳G) (mod Bo) = axt4p
- D (mod p)

④ 14 I 2h13) ( mod 130)
⑤ 34 = ↳(3) t 2 - Lzcs) (mod 130)

I
② ⇒ LzC5) I 3-1.8=-46 (mod 130)

③
,

"

Ld51=-46
"

⇒ ↳ (2) = 12- Lds) = 96 (mod 130)
⑤ .

"

LzC5)=46
"

⇒ LzC3) = 34 - 212151=-72 (mod 130)

How % we use these values to solve 2×=bCmod 131) ?

Q : Lz(37 ) = ?

A : we try random X such that 37 -I mod 131

only has small prime factors .

37 - 243 = 105 =3 - 5.7 (mod 131)
.

He

↳ 137) t 43 = LzC3)tLzC5) t LzC7) (mod 130)
I substitute in values from earlier

La 7) I 41 (mod 130) .


