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NEED:SECURE WAY TO SIGN A CONTRACT.

contractc contractc

private key k ye >PRO signature (r,s)
↓ ↑

1. Authentification. X ③

signature (v,s) 3 2. Fategrity. BOB Verify that(ris) isALICE 3. Non-repudiation.
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MOTIVATION

Given E ellipticcare, whatisNpIE) # ofsolutions top=x3+ax+b modp?
Answer:Np(E) = p with era ap(E) :=NplE) - p, lap(E)) -2p.
=>keep track ofapl) instead ofNolE).

Example:E:y2 =x3 +7

P Np(E) ap(E)
5 5 ·

11 11 &

13 6 7

: " :

11579209... 11579289... 432420386565659656852420866398673177327

A77 digits) 177 digits 138 digits)
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MODULARITY THEOREM S FERMAT'S LAST THEREM.

Modularity Theorem (Wiles, Taylor-Wiles, ...;1995).
Given an elliptic cruise there isa modular fam f(z) =20apo (e2Tinz) (z -> D, Feza)

such thatap
=ap(E) for all p.

Thereare triangles like 5
3

32 +42 =52
9 +16 =26

4

whataboutat +6=ch for us,3?Fennat (1637):Thereare none.

cardlony. Ermat's lasttheores: #a, b,c integers s.t.a"+6"=ch far n> 3.

Ofsketch.

Ifthey did exist, consider
the elliptic cave:y2=x (x-a4)(x -b4), Frey cure.

Modularity> Jmodular for associated to it.

sere/Ribet => such a modular form can't exist.

Duck. James Newton (Oxfend) & Ana Caralani (Imperial) proved in2023 that:

E :

y2=x3+ax +6 for a,b-Q(d) ismodular!
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E:yz =x3 +ax+6,a,bf
-> E(Q) =sdutions for x,y1> rank :=# oflinearly indep.

solutions.

Recall:Np(E)p with some error.

(MILLENNIOM PRIZE PROBLEM, WORTH$1,000,000.

BSD Conjecture. # Np(E) +1 w C.log(x)
=
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