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Math in the News

= €he New Pork imes Q

New Method Said to Solve
Key Problem In Math

By SARA ROBINSON  AUG. 8, 2002
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Breakthrough concerns cyber-security
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Modern Cyber-security: https

encrypted

ﬂ g https://

Keys are generated by prime numbers

longer primes = stronger keys




Sorting out primes: those with trivial factors

1234567891

Is there a “fast” way to tell primes?

technically: “Is PRIMES in P” ?
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The AKS breakthrough
Annals of Mathematics, 160 (2004), 781-793

PRIMES is in P

By MANINDRA AGRAWAL, NEERAJ KAYAL, and NITIN SAXENA*

Abstract

We present an unconditional deterministic polynomial-time algorithm that
determines whether an input number is prime or composite.
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The AKS breakthrough
Annals of Mathematics, 160 (2004), 781-793

PRIMES is in P

There is a “fast” way to tell primes!
By MANINDRA AGRAWAL, NEERAJ KAYAL, and NITIN SAXENA*
Math foolproof?
Abstract Algorithm correct?
Performance “fast”?
We present an unconditional deterministic polynomial-time algorithm that
determines whether an input number is prime or composite.
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PRIMESIsinP: A
Breakthrough for
“Everyman”

Folkmar Bornemann

As reported in Notices of the AMS (American Mathematical Society)
“New Method Said to Solve Key Problem in Math”
was the headline of a story in the New York Times inconsequential. I'he proofs in the
on August 8, 2002, meaning the proof of the state- paper do NOT have too many additional
ment PRIMES € P, hitherto a big open problem in problems to mention. The only true
algorithmic number theory and theoretical com- mistake is ..., but that is quite easy to

The remarks ... are unfounded and/or
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AKS algorithm
Given a number N, is it a prime?
Perform these 3 stages:
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AKS algorithm
Given a number
Perform /t/hesef

P>

Search for parameter K

A Run a Series of equality checks.
ssertthaa, [

N is prime if and only if
N can pass all equality checks.

That is, N is not a s¢
not a cube, i.e.,, nota

relies on

parameter K.
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Math behind AKS
Let N = p q, with a prime factor p.
With parameter K, a finite field can be constructed.
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Math behind AKS

Let N = p q, with a prime factor p.
field can be constructed.
0

With parameter K, a finite
Q

0) O ——
' Field:
A math

playground

Finite:
with a natural
boundary
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Math behind AKS
Let N = p q, with a prime factor p.
With parame ite field can be constructed.

Prime p is a seed
for a special set inside
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Math behind AKS
Let N=p q, witha prlme factor p.
With parame

cted.

Each valid equality check grows
this set, until it fills up to the
natural boundary

Prime p is a seed
for a special set inside
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Math behind AKS
Let N=p q, witha prlme factor p.

icted.

With parame
Prime p is a seed Each valid eq‘uéllty check grows
f . e this set, until it fills up to the
or a special set inside
natural boundary

When q > 1, there is an
artificial boundary for the growth.
Thus one of the equality checks must fail,
and N = p q is not a prime.
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Math behind AKS
Let N=p q, witha prlme factor p.

icted.

With parame
Prime p is a seed Each valid eq‘uéllty check grows
f ; ey this set, until it fills up to the
or a special set inside
natural boundary

When q > 1, there is an
artificial boundary for the growth.
Thus one of the equality checks must fail,
and N = p q is not a prime.

Otherwise, if all equality
checks are OK, then
q=1,
or N =p, a prime!
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Verify AKS in HOL4: A program to check
a theorem prover all logical deductions

HOL4 .
»
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Verify AKS in HOL4: A program to check
a theorem prover all logical deductions

Math
Library

HOL4
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Verify AKS in HOL4: A program to check
a theorem prover all logical deductions

oL :
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Verify AKS in HOL4: A program to check
a theorem prover all logical deductions

Formally
decide a
theorem

HOL4
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PhD Part 1: AKS math Algebra
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Finite
Field
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PhD Part 1: AKS math

AKS Main H o L 4
Theorem
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PhD Part 1: AKS math

o @
O

Math is valid!
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PhD Part 2: AKS algorithm

Computational
model

HOL4
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PhD Part 2: AKS algorithm

AKS
o
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PhD Part 2: AKS algorithm

HOL4 °
O

Method is correct!
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PhD Part 3: AKS complexity

Machine
model

w

HOL4
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PhD Part 3: AKS complexity

AKS HOL4

Machine-code
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PhD Part 3: AKS complexity

w

o @
O

AKS is “fast”!
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Part 1 published in 2015
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Mechanisation of AKS Algorithm: Part 1 —
The Main Theorem
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Hing-Lun Chan &9, Michael Norrish

Conference paper
First Online: 19 August 2015

Hing Lun Chan (ANU) Mechanisation of the AKS Algorithm (Visual) PhD 2019 32/36



Visualise Your Thesis

Part 1 published in 2015
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Is 1234567891 a prime?

1234567891




Is 1234567891 a prime?

B

100% sure!

|me !
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