
Some of the great social/scientific questions of the ages have come to fruition in the last few decades
and have revolved around items such as:
• How can two people who have never met exchange information in secret if all messages are

passed over a completely public system?
[Think secure online purchases, banking etc.]

• How can you convince someone (or a device) that you know a secret without giving away any
information whatsoever about that secret?
[Think your credit card in a reader]

• Many algorithms have a proven operational count - we know what it costs to compute with
them. There are classes of important algorithms that have no such provable bound and in
finite time only give a “probably correct” answer. Are they really probabalistic rather than
deterministic?

Some near great and truly great mathematics questions.
• The distribution of primes - the Prime Number Theorem. This was perhaps the great open

mathematics question of the 19th century; posed by Gauss at the very beginning, not proven
until the very end.

• The ultimately successful proof was using Riemann’s approach and the eponymous zeta-
function. In fact, an even stronger prime number theorem could be proven if the Riemann
Hypothesis where to hold. Proving this last result has been perhaps the dominant mathematical
question of the 20th century (and endures into the 21st).

• On a more algebraic line, elliptic curves have also a long provenance from the early work of
Abel in the early 19th and Weyl at the turn of the 20th century. They seem to raise their head
in all sorts of odd places.

• Solving polynomial equations has a long history and solving them in a finite field (example:
integers modulu n ) almost as long. They seem uniquitous objects well worthy of the study.

It turns out that all of the above ideas in the second set are related and also related to numerous other
“great” mathematical ideas. What is more surprising is the solution(s) to the first set lie solidly
there also. The purpose of the class is to explore, and partly explain, all of this.
There are numerous interesting mathematical side-tracks to go down and a huge number of conjec-
tures that could be numerically tested. Both these ideas will feature in the class. The latter should
intrigue those interested in “mathematical conjecture programming,” while the former can attract
the interest of those who don’t want to go down this line. In short, I want to make this a bit of a
showcase for both first class mathematics (we will actually prove the pnt) and demonstrate how
this has helped shape the modern world.


