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OPTICAL ERATOSTHENES SIEVE

LIVIU ŞTIRB

Abstract. The sieve of Eratosthenes is a simple algorithm for finding all
prime numbers up to a specified natural number. Despite its simplicity it is
not widely used because of its complexity: O(nlognloglogn) bit operations.
An optical implementation for the sieve of Eratosthenes is described in this
paper. The proposed device is highly parallel, by doing multiple verifica-
tions in the same time, thus providing a significant speedup compared to
one implemented on a single core electronic computer.

1. Introduction

Solving problems with optical devices has received an increasing atten-
tion in the recent past. Several difficult problems have been attacked in
this way:The Hamiltonian path [4, 5, 9, 7],The Travelling salesman problem
[1, 9, 7],the subset sum [5, 3, 9, 7], 3-SAT [6], cryptography [10], factorization
[2, 8] and some other NP-complete problems [5, 9].

Here we describe an optical implementation for the Eratosthenes sieve.
The device is based on 2 parallel mirrors between which different beams of
light are reflected. One of the mirrors also contains sensors which detect if
the light has hit a certain region. If we send a beam at a certain angle, it will
be reflected between those 2 mirrors multiple times. This process simulates
the marking process of the Eratosthere Sieve. If we send multiple beams
at different angles we can parallelize the marking process, thus providing a
speedup compared to the sequential version of the algorithm.

The paper is structured as follows: Section 2 contains a short description
of the problem and of the Eratosthenes sieve strategy. In the next section 3
we describe the proposed optical implementation. In section 4 we show the
straights and weaknesses of the system. The final section 5 concludes our
paper.
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2. Problem Description

A prime number is a number that can be divided only by 1 and itself. A
basic algorithm for determining that a number is prime consists in trying all
the numbers from 2 up to the square root of that number and checking if one
of them divides it. If none is found we can say that the number is prime.

Sieve of Eratosthenes is a prime number strategy looking to find all prime
numbers up to a number. The algorithm is quite simple and it looks like this:
Having an array of natural numbers up to a limit, start with the number 2 and
remove all its multiples(excluding it); after this step go to next unremoved
number and remove all its multiples excluding itself; repeat this step until
no next unremoved numbers exist. At the end, all the leftover (unremoved)
numbers are prime.

The main difference between the proposed optical algorithm and Eratos-
thenes sieve is that the optical one will do the check for only one number. This
limitation will be explained in section 3.4

3. The optical implementation

In this section we propose a solution for implementing the Eratosthene
Sieve in an optical manner. We design a device in which we send beams of
light which touch some regions at a regular distance.

The optical implementation is a combination between the sieve of Eratos-
thenes and the trial division. Trial division tests if an integer n can be divided
by any integer greater than one but less than n. Having an array of natural
numbers up to a limit, start with number 2 and remove all its multiples; after
this go to next number and remove all its multiples including itself and repeat
this step until the rounded square of the tested number. Eliminating a number
that was not previously hit is a weakness imposed by the way the light is send.

Solving this problem on conventional computers requires an array. Each
cell from that array corresponds to a natural number. At the beginning of
the algorithm all cells are true. A loop iterates from 2 to the square root of
the input number. All the cells that have an index which is a multiple of 2
are marked with false. After that, the loop selects the next cell in increasing
order and marks all its multiples as false. At the end if the input number is
not marked as false it means it is a prime number.

The pseudo code of the sieve of Eratosthenes used for the optical imple-
mentation looks like this:
v := an array of n elements(all false);
for i from 2 to b

√
nc

if v[i] is false
k := i * 2;
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while k < n do
v[k]:= true;
k := k+i;

endwhile
endif

endfor
at the end all the possitions that are false are prime numbers;

3.1. Required physical components. Basically we need the following com-
ponents:

• 2 parallel mirrors,
• an array of sensors (photodiodes) placed on one of the mirrors,
• a prism,
• a source of light

In what follows we give details about each component.

3.2. Mirrors and sensors. The implementation is based on 2 parallels mir-
rors. One mirror is used just for reflections. The second mirror also reflects
the light, but it also has a cell (sensor) which is capable of detecting if a beam
of light hit it.

Each cell is placed at a regular interval. The distance between 2 consecu-
tive cells is always the same. A cell has a simple function: it acts as a reflective
mirror.The last cell is the number to be tested, and needs to be a photodiode
in order to record if has been touched or not by light. The cell index is repre-
sented by a number. A number of cells equal to the input number to be tested
is needed.

3.3. Angles of reflection. When a beam of light is sent under a known angle
it will be reflected between the mirrors, touching them at a regular interval.
The intervals where the mirror will be hit may be computed based on the
distance between the mirrors and the angle at which the beam is sent.

An angle which will generate a step of n cells must be computed using the
formula:

(1) sinx =
d√

( s2)2 + d2

where:
x- is the angle at which the beam must be sent
d- is the distance between mirrors
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s- is the step(represents distance). Note that s it is computed based on the
distance between cells and the frequency for the current beam that touches
the mirror. It may be computed with the formula:

s = distance between cells * frequency to hit
Example: if the distance between cells is 2 µ and a beam that hits all divisors
of 5 is needed, s will be: 5*2 = 10µ

d and s must use the same unit of measurement

3.4. Sending the light. We have, inside the device, multiple rays at different
angles. All angles encoding numbers from 2 to sqrt(n) must be generated.
Obtaining light at multiple angles can be done by using a prism. Prisms must
also deflect a beam of light by a given angle.

Also we have discussed earlier (see the begining of section 3) about a
limitation imposed by the way the light is sent, that has as a consequence the
usage of the algorithm for a single number. This happens because we send all
the light beams from the position 0.

If the avoidance of uncut numbers is desired, this will have unwanted
consequences. One of them would be that the light will not be sent in a
parallel manner because avoiding a cell should be done based on the previous
results. Another limitation would be the need of physical movement of the
light emitter.

3.5. How the device works. All beams are sent to the device through po-
sition 0. After that, the beams will traverse the device and will mark several
positions (by hitting the corresponding sensors). At the end of the operation
if the number we are interested in is not touched by any light, it is prime.

A basic example is shown in Figure 3.5. The example means to test the
input number: 17. In order to test this number we have to send three beams
of light. The numbers that must be tested starts from 2 and goes untill the
truncated value from the square root of 17 which is 4. So we have to test the
division by 2, 3 and 4.

Figure 1. Optical implementation for the Eratosthenes Sieve.
Bottom mirror contains optical detectors. 3 different beams
have been sent (in the same time) from point 0 and we have
depicted their path. Numbers which are multiples of 2 (green),
3 (blue) and 4 (red) are marked here.
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Interference between two beams will not happen if we send short enough
pulses. If we send two short beams from the same point, under different
angles, the one that is reflected more rarely will travel faster because it has
less distance to cover between mirrors until it gets out.

4. Strengths and weaknesses

The most important benefit of the algorithm is the speed generated by its
massive parallelism. It allows us to send all the beams at the same time.

On a conventional computer, for the best parallelized algorithm, the speed
up is in the best case equal to number of cores. On this optical system the
concurrent speed-up is equal to the numbers of light beams. And there is the
possibility to send all the beams at the same time. This means that the gained
speed is equal to the square root of the number to be tested.

There are a number of weak points. The most important is that only
small problems can be solved. That is because of some technical chalenges:
reflection, absorbtion, etc.

5. Conclusions

We have exemplified how the very popular Eratosthene sieve’s algorithm
can be easily implemented with optics.

Future work will be focused on making a harware implemention and on
increasing the parallelism of the system.
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Science, Babeş-Bolyai University, Kogălniceanu 1 Cluj-Napoca, 400084, Romania

E-mail address: liviu@cs.ubbcluj.ro


