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INTRODUCTION:
WHAT MAKES A
MATH PROBLEM
THE HARDEST?

Mathematics has
always been a realm of
certainty and logic, yet
within its neat
equations and elegant
proofs lie puzzles that
have tormented the
brightest minds for
centuries. When people
ask about the hardest
math problem ever,
they usually want a
single, definitive
answer. But the truth is
more nuanced.
"Hardest" can mean

different  things: a
problem that took the
longest to solve, one
that remains unsolved
despite immense
effort, or a problem so
conceptually  difficult
that its proof required
entirely new branches
of mathematics. In this
article, we will explore
the leading contenders
for the title of the

hardest math
problem ever,
examining their

history, the minds they
challenged, and why
they continue to
captivate
mathematicians and
the public alike.

Whether you are a
seasoned


https://evoluir.abar.org.br/

mathematician or a
curious learner,
understanding these
problems offers a
glimpse into the very
l[imits of human
reasoning and
creativity. Let’s dive
into the stories behind
these legendary
challenges.

THE CONTENDERS
FOR THE HARDEST
MATH PROBLEM
EVER

Several problems have
earned a reputation for
being exceptionally
difficult. Some were
solved after centuries
of effort, while others
remain open, defying
all attempts. Below are
the most famous
candidates, each with
its own claim to the
title.

Fermat’'s
Last
Theorem:
A 350-
Year-Old
Challenge

Perhaps the most
famous hardest math
problem ever to be
solved is Fermat’s Last
Theorem. In 1637,
French mathematician
Pierre de Fermat
scribbled a note in the
margin of his copy of
Arithmetica, stating
that the equation x" +
y" = z" has no whole
number solutions for n
greater than 2. He
claimed to have a
“truly marvelous proof”
that the margin was
too narrow to contain.
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Yet for over 350 years,
no one could prove or

disprove it. The
problem became
legendary, driving
countless

mathematicians to
madness and

frustration.

The theorem was
finally proven in 1994
by British
mathematician Sir
Andrew Wiles, who
worked in secret for
seven years. His proof
drew upon advanced
concepts from elliptic
curves and modular
forms, creating a 130-
page argument that
only a handful of
experts could fully
understand at the
time. The effort
required to solve
Fermat's Last Theorem
is why many still

consider it the
hardest math
problem ever to be
cracked.

The
Riemann
Hypothes
IS: The
Holy Grall
of
Mathema
tics

If Fermat’s problem is
the hardest that has
been solved, the
Riemann Hypothesis is
arguably the hardest
that remains unsolved.
Proposed by Bernhard
Riemann in 1859, it
deals with the
distribution of prime
numbers. Riemann
observed that the
zeros of a certain



complex function (the
Riemann zeta function)
seem to lie on a
specific line. If proven
true, it would unlock
deep secrets about
prime numbers, which
are the building blocks
of arithmetic. The
hypothesis is one of
seven Millennium
Prize Problems for
which the Clay
Mathematics Institute
offers a $1 million
reward.

Despite massive efforts
and computational
checks of billions of
zeros, no proof exists.
Many mathematicians
believe that proving
the Riemann
Hypothesis would
require revolutionary
new ideas, possibly
making it the hardest
math problem ever
in terms of conceptual
difficulty. Its solution
would have profound
implications for

cryptography and

number theory.

P vs. NP:
The
Problem
That
Could
Change
Computin

g

Another major
contender for the
hardest math
problem ever is the P
vs. NP problem. It asks
a deceptively simple
question: If a solution
to a problem can be
checked quickly (in
polynomial time), can
that solution also be
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found quickly? In other
words, are problems
that are easy to verify
also easy to solve? This
is a central question in
computer science and
mathematics. Most
experts believe P # NP,
but a proof has eluded
everyone.

The implications are
staggering. A proof
that P = NP would
revolutionize fields like
optimization, artificial
intelligence, and
cryptography. On the
other hand, proving P
# NP would confirm
that many important
problems are
fundamentally hard.
The problem is so
difficult that it bhas
been open for over 50
years, and solving it
would likely require a
completely new
approach to complexity
theory. It is a strong
candidate for the
hardest math

problem ever
because of its abstract
nature and its
connection to the limits
of computation itself.

The
Goldbach
Conjectur
e: Simple
Statemen
L,
Enduring
Mystery

Sometimes the hardest
problems are the
simplest to state. The
Goldbach Conjecture,
first  proposed by
Christian Goldbach in
1742, states that every
even number greater



than 2 <can be
expressed as the sum
of two prime numbers.
For example, 4 = 242,
6 = 343, 8 = 345, and
so on. Despite
overwhelming
computational
evidence—the
conjecture has been
verified for all even
numbers up to
4x10—no proof
exists.

Why is it so hard?
Because prime
numbers behave
unpredictably. There is
no simple formula to
describe them, and
proving that every
even number can be
represented as a sum
of two primes requires
a deep understanding
of additive number
theory. The Goldbach
Conjecture has resisted
every attempt for over
280 years, and many
mathematicians

consider it one of the

most  frustrating
unsolved problems. It
certainly deserves a
spot in any discussion
of the hardest math
problem ever.

WHY ARE THESE
PROBLEMS SO
HARD? THE
NATURE OF
MATHEMATICAL
DIFFICULTY

To understand why a
problem earns the
label the hardest
math problem ever,
we need to look
beyond the statement
and into the tools
required to solve it.
Mathematical difficulty
often arises from
several factors:

e Unpredictabilit
y: Problems
involving prime
numbers, like the
Riemann
Hypothesis and
Goldbach
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Conjecture, are
difficult because
primes seem to
follow no simple
pattern. They are
the rebels of the
number line.
Abstractness:
Problems like P
vs. NP deal with
concepts that
have no physical
analog. They
require thinking
about
computation in
the abstract,
which demands
extraordinary

mental discipline.

Breadth of
knowledge:
Solving a
problem like
Fermat's Last
Theorem
required merging
two seemingly
unrelated
branches of
mathematics
(elliptic curves

and modular
forms). Many
hard problems
demand a
synthesis of
diverse fields.
Length and
complexity of
proof: Some
proofs, like Wiles’
proof of Fermat’s
Last Theorem,
are extremely
long and
technically
intricate. Even
verifying them is
a monumental
task.

Lack of a clear
path: For
unsolved
problems like the
Riemann
Hypothesis, no
one knows which
approach might
work.
Mathematicians
are essentially
exploring in the
dark.



THE HUMAN SIDE:
MATHEMATICIANS
WHO TACKLED THE
HARDEST
PROBLEMS

Behind every great
math problem are
great minds—and
sometimes

heartbreaking stories.
The hardest math
problem ever has
driven people to
obsession. For
instance, the 20th-
century mathematician
Paul Erdds frequently
offered cash prizes for
solutions to various
problems, including the
Goldbach Conjecture.
He called it a "problem
for the next
millennium." Another

tragic figure is the
Japanese

mathematician Shinichi
Mochizuki, who
claimed to have proved
the ABC

conjecture—another

contender—but his
500-page proof has
been largely
unaccepted by the
community due to its
complexity and
opacity.

Andrew Wiles’ journey
with Fermat’s Last
Theorem is perhaps
the most dramatic. He
worked in isolation for
seven years, fearing
that if word got out, he
would be scooped or
ridiculed. When he
finally announced his
proof in 1993, a flaw
was discovered. It took
him another year to fix
it, working with former
student Richard Taylor.
The emotional roller
coaster shows that
even the best
mathematicians suffer
doubt and failure.

IS THERE A SINGLE
“HARDEST MATH
PROBLEM EVER"?
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Given the variety of
candidates, it's
tempting to declare
one winner. However,
most mathematicians
agree that the
hardest math
problem ever is a
moving target. What
was hardest in 1900

(Hilbert's 10th
problem, solved in
1970) is not
necessarily hardest
today. Moreover,
difficulty is

subjective—a problem
that is impenetrable to
one mathematician
may be accessible to
another with a different
background.

Some would argue that
the hardest problem is
one that is not even
well-defined yet. A new
era of mathematics,
such as the study of
infinite-dimensional

spaces or quantum
algorithms, may birth
problems that dwarf

current ones.
Nevertheless, the
problems mentioned
above have a timeless
quality. They represent
the pinnacle of human
intellectual challenge.

The Case
for the
Riemann
Hypothes
IS as the
Hardest

Many experts place the
Riemann Hypothesis at
the top. It has been
open for 165 years
despite intense effort.
Countless papers have
been written
attempting to prove it,
only to fail. It is deep,
fundamental, and has



resisted all standard
techniques. The Clay
Mathematics Institute
has designated it a
Millennium Problem,
and its solver would
receive not only $1
million but everlasting
fame. For these
reasons, the Riemann
Hypothesis is often
cited in popular culture
as the hardest math
problem ever.

The Case
for P vs.
NP

On the other hand, P
vs. NP has a more
direct impact on
modern life. If it were
solved, it would
reshape everything
from logistics to
artificial  intelligence.
The problem is also
notoriously difficult

10

because it touches on
the very nature of
mathematical proof
and computation.
Some mathematicians
argue that P vs. NP is
even harder than the
Riemann Hypothesis
because no promising
approach exists. It
remains a prime
candidate for the
hardest math
problem ever in the
21st century.

CONCLUSION: THE
ENDURING APPEAL
OF THE HARDEST
MATH PROBLEM
EVER

The search for the
hardest math
problem ever is more
than an academic
exercise. It reflects our
desire to push the
boundaries of human
knowledge. Whether it
is the solved Fermat’s
Last Theorem, the still-
open Riemann
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Hypothesis, or the
computationally

significant P vs. NP,
these problems inspire
new generations of
mathematicians. They
teach us that difficulty
is not a barrier but a
challenge to be
overcome with
creativity, persistence,
and collaboration.
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While we may never
agree on a single
“hardest” problem, the
journey of trying to
solve them enriches
our understanding of
mathematics and
ourselves. And
perhaps—just

perhaps—the hardest
problem is still waiting
to be discovered.



