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1 Capstone Project Description

All mathematics students know that a positive integer n can be expanded (uniquely) in base 2 as

n =

b∑
i=0

di2
i , di = 0, 1 (∀i = 0, . . . , b) ,

where b = dlog2 ne. In recent years, the implementation of elliptic curve cryptography has requested more
varied representations of n. The following double base number system (DBNS) was then proposed1. It
consists in choosing two small primes, say 2, 3, so that one can write

n =

k∑
i=0

ci2
ai3bi , ai, bi ∈ N ∪ {0} and ci = ±1 (∀i = 0, . . . , k) .

It was proved by several authors2 (using different methods) that such DBNS expansions always exist (al-
though not unique), with k = O(log n/ log logn). On the other hand, little is known about a lower bound
for k, i.e. the shortest DBNS expansion of n. The only generic result is3

k >
C log n

log log n log log log n

for some constant C > 0. In fact, a lower bound of4 Ω(log n/ log log n) seems quite plausible.
The goad of this project is to give evidence towards this lower bound and attempt to prove it using two

approaches.

2 Outcomes

The student will learn to study independently, typeset using LATEX. This work could lead to a publication.

3 Preparation (Reading Material)

The ideal student will come with the following preparation: Math 301 Introductory Number Theory and
some programming skills.
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4We write f(n) = Ω(g(n)) for some eventually positive function g to denote that |f(n)| > c̃g(n) for some c̃ > 0.


