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Abstract: In the present paper, we study a prime sequence generation problem on one-dimensional cellular automata. We

show that an infinite prime sequence can be generated in real-time by a one-dimensional cellular automaton with 8 states. The

algorithm that we propose is based on the well-known sieve of Eratosthenes, and its implementation is realized on an 8-state

cellular automaton using 301 transition rules.
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1 INTRODUCTION
Cellular automaton is considered to be a good model of

complex systems in which an infinite one-dimensional ar-

ray of finite state machines (cells) updates itself in a syn-

chronous manner according to a uniform local rule. In the

present paper, we study a prime sequence generation problem

on one-dimensional cellular automata. The sequence gener-

ation problem has been studied for many years and a variety

of interesting sequences has been shown to be generated in

real-time by one-dimensional cellular automata [1-9].

Arisawa [1971], Fischer [1965], Korec [1997, 1998] and

Mazoyer and Terrier [1999] have considered the sequence

generation problem on the cellular automata model. Umeo

and Kamikawa [2002] showed that infinite non-regular se-

quences such as {2n|n = 1, 2, 3, ..}, {n2|n = 1, 2, 3, ..}

and Fibonacci sequences can be generated in real-time and

the prime sequence in twice real-time by CA1−bit. Umeo

and Kamikawa [2003] showed that the prime sequence can

be generated in real-time by a CA1−bit having 34 internal

states and 107 transition rules. The cellular automaton model

CA1−bit is a special subclass of conventional (i.e., constant-
bit-communication) cellular automata. Each cell having the

1-bit inter-cell communication link can communicate with its

nearest neighbor cells by sending and receiving a 1-bit infor-

mation at each step.

Korec [1997] has shown that the prime sequence gener-

ation problem can be solved in real-time by using sieve of

Eratosthenes. He also presented a one-dimensional cellular

automaton with 11 states which can generate the prime se-

quence. Later, Korec [1998] gave a one-dimensional cellu-

lar automaton with 9 states generating the prime sequence in

real-time.

In this paper we improve the implementation by present-

ing a smaller implementation on the same computational

C1 C2 C3 C4 Cn

Fig. 1. One-dimensional cellular automaton.

model. We show that an infinite prime sequence can be gen-

erated in real-time by a one-dimensional cellular automaton

with 8 states.

First, in Section 2 we introduce a one-dimensional cellu-

lar automaton and define the sequence generation problem

on the cellular automaton. In Section 3, we give a real-time

prime sequence generation algorithm on a one-dimensional

cellular automaton. The algorithm is based on the well-

known sieve of Eratosthenes, and its implementation will be

made on a one-dimensional cellular automaton with 8 states.

The number of states implemented is the smallest one, known

at present.

2 SEQUENCE GENERATION PROBLEM ON

ONE-DIMENSIONAL CELLULAR AUTOMA-

TON
A one-dimensional constant-bit-communication cellular

automaton consists of an infinite array of identical finite state

automata, each located at a positive integer point. See Fig.

1. Each automaton is referred to as a cell. A cell at point

i is denoted by Ci, where i ≥ 1. Each Ci, except for C1, is

connected to its left- and right-neighbor cells by a communi-

cation link.

A cellular automaton A = (Q, δ, F ), where
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1. Q is a finite set of internal states.

2. δ : Q3 → Q is a transition function. A quiescent state

q ∈ Q has a property such that δ(q, q, q) = q.

3. F is a special subset of internal states Q.

The set F is used to specify a designated state of C1 in the

definition of the sequence generation.

We now define the sequence generation problem on the

cellular automaton. Let M be a cellular automaton and

{tn|n = 1, 2, 3, ...} be an infinite monotonically increasing

positive integer sequence defined on natural numbers such

that tn ≥ n for any n ≥ 1. We then have a semi-infinite

array of cells, as shown in Fig. 1, and all cells, except for C1,

are in the quiescent state at time t = 0. The communication

cell C1 assumes a special state ”0” (zero) in Q and starts its

operation at time t = 0 for initiation of the sequence genera-

tor. We say that M generates a sequence {tn|n = 1, 2, 3, ...}

in k linear-time if and only if the leftmost end cell of M falls

into a special state ”1” (one) in Q at time t = ktn, where k

is a positive integer. We call M a real-time generator when

k = 1.

In designing algorithms for a cellular automaton, for ease

of understanding and description of algorithms on cellular

automata, we often use signals or waves, instead of transi-

tion tables. A signal (wave) is an information flow that is

described as a straight line in the space-time diagram. Note

that any signal cannot propagate at speed more than one cell

per one step due to the definition of the transition function.

3 REAL-TIME GENERATION OF PRIME SE-

QUENCE ALGORITHM
In this section, we present a real-time generation algo-

rithm for prime sequence on cellular automaton. The algo-

rithm is implemented on an 8 state cellular automaton us-

ing 301 transition rules. Our prime generation algorithm is

based on the classical sieve of Eratosthenes. Its cross out

technique in the sieve of Eratosthenes is as follows. Imag-

ine a list of all integers greater than 2. The first member,

2, becomes a prime and every second member of the list is

crossed out. Then, the next member of the remainder of the

list, 3, is a prime and every third member is crossed out. In

Eratosthenes’ sieve, the procedure continues with 5, 7, 11,

and so on. In our procedure, given below, for any odd in-

teger k ≥ 3, every 2k-th member of the list beginning with

k2 will be crossed out, since the k-th members less than k2

(that is, {i · k| 2 ≤ i ≤ k − 1}) and 2k-th members be-

ginning with k2 + k (that is, it is an even number such that

{(k+2i−1)·k|i = 1, 2, 3, ...}) should have been crossed out

in the previous stages. Thus, every k-th member beginning

with k2 is successfully crossed out in our procedure. Those
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Fig. 2. Space-time diagram for real-time generation of prime

sequence.

integers never being crossed out are the primes. Figure 2 is

a space-time diagram that shows a real-time detection of odd

multiples of odds.

Our implementation that C1 translate for state 0 when b-

wave arriving C1 and C1 translate for state 1 when b-wave

don’t arriving C1. The b-wave is generated by three ways.

First, b-wave is generated when C2 translate for state L. Sec-

ond, b-wave is generated when C3 translate for state L. Fi-

nally, b-wave is generated when a-wave collides with left

partition.

3.1 Removing multiples of 2 and 3
In this section, we present a cross-out operation for multi-

ples of 2 and 3. In the case of multiples of 2, the array repeats

two states: R and L, alternatively on C3. As for the case of

multiples of 3, it repeats a state R, V and L on C2 at each

step. The cells C2 and C3 generate a b-wave, then they fall

into the state L. A state transition into the state L on C2 is

done at time t = 3k − 1(k ≥ 2) and the state transition into

L on C3 is done at time t = 2k(k ≥ 2). In this way the

multiples of 2 and 3 can be removed.

We implemente Removing multiples of 2 and 3 algorithm.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 0 / . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 1 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 1 1 / . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 0 V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 1 V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 0 R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 1 R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 0 0 R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 0 1 V R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10 0 V L L R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11 1 L R R / R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12 0 R / V r r R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
13 1 1 R 1 R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
14 0 L L V . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
15 0 r R V . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
16 0 V L V . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17 1 L R V . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
18 0 R L V . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
19 1 1 R V . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
20 0 L L V . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
21 0 r R V . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
22 0 V L V . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
23 1 L R V . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
24 0 R L V . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
25 1 1 R V . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
26 0 L L V . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . .
27 0 r R V . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . .
28 0 V L V . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . . .
29 1 L R V . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . . .
30 0 R L V . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . . .
31 1 1 R V . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . . .
32 0 L L V . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . . .
33 0 r R V . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . . .
34 0 V L V . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . . .
35 1 L R V . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . . .
36 0 R L V . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . . .
37 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . . .
38 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . . .
39 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . . .
40 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . . .
41 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . . .
42 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . . .
43 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . . .
44 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . . .
45 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . . .
46 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . . .
47 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . . .
48 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . . .
49 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . . .
50 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . . .
51 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . . .
52 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R . .
53 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R .
54 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R R
55 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . . R
56 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R . .
57 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R .
58 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R
59 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
60 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
61 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
62 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
63 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
64 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
65 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
66 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
67 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
68 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
69 0 r R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
70 0 V L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
71 1 L R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
72 0 R L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
73 1 1 R V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
74 0 L L V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fig. 3. Implementation of removing multiples of 2 and 3.

See the Figure 3 for implementation of removing multiples of

2 and 3. This figure is first partition generation on C4, but this

partition isn’t need removing multiples of 2 and 3 algorithm.

We generate first partition that it is easy to look.

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526272829303132333435363738394041424344454647484950
0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 0 / . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 1 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3 1 1 / . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 0 V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 1 V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6 0 R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 1 R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 0 0 R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9 0 1 V R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10 0 V L L R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11 1 L R R / R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12 0 R / V r r R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
13 1 1 R 1 R r . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
14 0 L L V . 0 L . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
15 0 r R V 1 r R 0 . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
16 0 V L 0 . R r 0 / . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17 1 L R V / . R / 0 . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
18 0 R L 1 . . / 0 0 / . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
19 1 1 r V . / L L R 0 . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
20 0 L L V / L . R L 0 / . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
21 0 r R 1 L . 0 . L R 0 . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
22 0 V L 1 R . . . L L 0 / . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
23 1 L r V . R . . . V R 0 . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
24 0 r L V . . R . . V . 0 / . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
25 0 1 R V . . . R . V 1 R 0 . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
26 0 L L V . . . . R V 1 . 0 / . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . . .
27 0 r R V . . . . L 0 1 . R 0 . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . . .
28 0 V L V . . . . . V R . . 0 / . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . . .
29 1 L R V . . . . . V . R . R 0 . . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . . .
30 0 R L V . . . . . V . . R . 0 / . . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . . .
31 1 1 R V . . . . . V . . . R R 0 . . . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . . .
32 0 L L V . . . . . V . . . . r 0 / . . . . . . . . . R R . . . . . . . . . . . . . . . . . . . . . .
33 0 r R V . . . . . V . . . . . / 0 . . . . . . . . . . R R . . . . . . . . . . . . . . . . . . . . .
34 0 V L V . . . . . V . . . . / L 0 / . . . . . . . . . . R R . . . . . . . . . . . . . . . . . . . .
35 1 L R V . . . . . V . . . / L . R 0 . . . . . . . . . . . R R . . . . . . . . . . . . . . . . . . .
36 0 R L V . . . . . V . . / L . 0 . 0 / . . . . . . . . . . . R R . . . . . . . . . . . . . . . . . .
37 1 1 R V . . . . . V . / L . . . 0 R 0 . . . . . . . . . . . . R R . . . . . . . . . . . . . . . . .
38 0 L L V . . . . . V / L . . . . 0 V 0 / . . . . . . . . . . . . R R . . . . . . . . . . . . . . . .
39 0 r R V . . . . . V L . . . . . R L r 0 . . . . . . . . . . . . . R R . . . . . . . . . . . . . . .
40 0 V L V . . . . . V R . . . . . . V V 0 / . . . . . . . . . . . . . R R . . . . . . . . . . . . . .
41 1 L R V . . . . . V . R . . . . . V V r 0 . . . . . . . . . . . . . . R R . . . . . . . . . . . . .
42 0 R L V . . . . . V . . R . . . . V 1 V 0 / . . . . . . . . . . . . . . R R . . . . . . . . . . . .
43 1 1 R V . . . . . V . . . R . . . V 1 1 r 0 . . . . . . . . . . . . . . . R R . . . . . . . . . . .
44 0 L L V . . . . . V . . . . R . . V 1 L 0 0 / . . . . . . . . . . . . . . . R R . . . . . . . . . .
45 0 r R V . . . . . V . . . . . R . V 1 R R R 0 . . . . . . . . . . . . . . . . R R . . . . . . . . .
46 0 V L V . . . . . V . . . . . . R V 1 0 r r 0 / . . . . . . . . . . . . . . . . R R . . . . . . . .
47 1 L R V . . . . . V . . . . . . L 0 1 1 1 V / 0 . . . . . . . . . . . . . . . . . R R . . . . . . .
48 0 R L V . . . . . V . . . . . . . V R . / 1 1 0 / . . . . . . . . . . . . . . . . . R R . . . . . .
49 1 1 R V . . . . . V . . . . . . . V . r / . . 0 0 . . . . . . . . . . . . . . . . . . R R . . . . .
50 0 L L V . . . . . V . . . . . . . V / / R . . V 0 / . . . . . . . . . . . . . . . . . . R R . . . .
51 0 r R V . . . . . V . . . . . . . V / . . R . 0 r 0 . . . . . . . . . . . . . . . . . . . R R . . .
52 0 V L V . . . . . V . . . . . . . V . . . . R . R 0 / . . . . . . . . . . . . . . . . . . . R R . .
53 1 L R V . . . . . V . . . . . . . V . . . . . R . V 0 . . . . . . . . . . . . . . . . . . . . R R .
54 0 R L V . . . . . V . . . . . . . V . . . . . . R 0 1 / . . . . . . . . . . . . . . . . . . . . R R
55 1 1 R V . . . . . V . . . . . . . V . . . . . . . / 0 . . . . . . . . . . . . . . . . . . . . . . R
56 0 L L V . . . . . V . . . . . . . V . . . . . . / L 0 / . . . . . . . . . . . . . . . . . . . . . .
57 0 r R V . . . . . V . . . . . . . V . . . . . / L . R 0 . . . . . . . . . . . . . . . . . . . . . .
58 0 V L V . . . . . V . . . . . . . V . . . . / L . 0 . 0 / . . . . . . . . . . . . . . . . . . . . .
59 1 L R V . . . . . V . . . . . . . V . . . / L . . . 0 R 0 . . . . . . . . . . . . . . . . . . . . .
60 0 R L V . . . . . V . . . . . . . V . . / L . . . . 0 V 0 / . . . . . . . . . . . . . . . . . . . .
61 1 1 R V . . . . . V . . . . . . . V . / L . . . . . R L r 0 . . . . . . . . . . . . . . . . . . . .
62 0 L L V . . . . . V . . . . . . . V / L . . . . . . . V V 0 / . . . . . . . . . . . . . . . . . . .
63 0 r R V . . . . . V . . . . . . . V L . . . . . . . . V V r 0 . . . . . . . . . . . . . . . . . . .
64 0 V L V . . . . . V . . . . . . . V R . . . . . . . . V 1 V 0 / . . . . . . . . . . . . . . . . . .
65 1 L R V . . . . . V . . . . . . . V . R . . . . . . . V 1 1 r 0 . . . . . . . . . . . . . . . . . .
66 0 R L V . . . . . V . . . . . . . V . . R . . . . . . V 1 L 0 0 / . . . . . . . . . . . . . . . . .
67 1 1 R V . . . . . V . . . . . . . V . . . R . . . . . V 1 R R R 0 . . . . . . . . . . . . . . . . .
68 0 L L V . . . . . V . . . . . . . V . . . . R . . . . V 1 0 r r 0 / . . . . . . . . . . . . . . . .
69 0 r R V . . . . . V . . . . . . . V . . . . . R . . . V 1 1 1 V / 0 . . . . . . . . . . . . . . . .
70 0 V L V . . . . . V . . . . . . . V . . . . . . R . . V 1 . / 1 1 0 / . . . . . . . . . . . . . . .
71 1 L R V . . . . . V . . . . . . . V . . . . . . . R . V 1 / / . . 0 0 . . . . . . . . . . . . . . .
72 0 R L V . . . . . V . . . . . . . V . . . . . . . . R V 1 / . . . V 0 / . . . . . . . . . . . . . .
73 1 1 R V . . . . . V . . . . . . . V . . . . . . . . L 0 1 . . . . 0 r 0 . . . . . . . . . . . . . .
74 0 L L V . . . . . V . . . . . . . V . . . . . . . . . V R . . . . . R 0 / . . . . . . . . . . . . .

Fig. 4. Generation of partition.

3.2 Removing algorithm for odd multiple numbers
greater than 5

In this section, we present a removing algorithm for odd

multiples greater than 5. Those cross-out operations are done

by a signal which moves around between partitions gener-

ated by the cellular automaton. The CA generates partitions,

denoted by the state V on Ci2+3i(i ≥ 1). We define the sub-

space Si, i ≥ 1, i ∈ N , as the ith cellular space delimited

by the consecutive partitions. The length of the space of Si

is |Si| = 2i + 3. The subspace Si, i ≥ 1 is used to generate

a signal for removing odd multiples greater than 5, that is,

(2i + 3)k, i ≥ 1, k ≥ 1. The a-wave goes left and right be-

tween those partitions at a unit speed, one cell per one step.

It changes into the b-wave, then it collides with the left par-

tition. Those odd multiples greater than 5 are crossed out by

the b-wave that goes through the partition in the left direc-

tion. The first partition is generated on C4. See the Figure 4

for the real-time generation of those partitions.

We must generate the a-wave in each Si. The a-wave gen-

eration in each partition is as follows: Thus the a-wave in

S2 is generated at t = 34 on C16 and the a-wave in S3 is

generated at t = 56 on C26. The a-wave in S1 is specially

described in terms of finite states. At t = 34 the cell C16

generates a-wave which arrives on C1 at t = 49(= 72),

and the a-wave generated on C26 at t = 56 arrives on C1

at t = 81(= 92). We use these a-waves to remove odd multi-

ples greater than 5. The implementation of the generation of

partitions can be done shown in Figure 4.

3.3 Real-time generation of prime sequence
In this section, we present a real-time generation of prime

sequence algorithm. The algorithm is combination by ”Re-

moving multiples of 2 and 3” and ”Removing algorithm for

odd multiple numbers greater than 5”. Those algorithms are

implemented follows: section 3.1 and 3.2. Space-time di-

agram is shown in Figure 2. Figure 5 shows the transition

table consisting of the 8 states and 301 transition rules where

state ’*’ is a wall state of the left neighbor of C1. Figure 6

shows some snapshots of the prime generation on 50 cells.

Now we have:

Theorem There exists a cellular automaton having 8-states

and 301-rules that can generate prime sequence in real-time.

4 CONCLUSIONS
We have studied a real-time prime sequence generation

problem on a cellular automaton. The proposed real-time

prime generator, based on the classical sieve of Eratosthenes,

is implemented on a cellular automaton using 8 states and

301 transition rules. The implementation is the smallest one

known at present.
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Fig. 5. Transition table for the 8-state real-time prime gener-

ator.
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68 0 L L V . . . L . 1 R . / / . . . V . . . . R . . . . V 1 0 r r 0 / . . . . . . . . . . . . . . . .
69 0 r R V . . L . / V . r / . . . . V . . . . . R . . . V 1 1 1 V / 0 . . . . . . . . . . . . . . . .
70 0 V L V . L . / . V / / R . . . . V . . . . . . R . . V 1 . / 1 1 0 / . . . . . . . . . . . . . . .
71 1 L R V L . / . . 1 / . . R . . . V . . . . . . . R . V 1 / / . . 0 0 . . . . . . . . . . . . . . .
72 0 R L 1 R / . . / 1 . . . . R . . V . . . . . . . . R V 1 / . . . V 0 / . . . . . . . . . . . . . .
73 1 1 r V / R . / / V . . . . . R . V . . . . . . . . L 0 1 . . . . 0 r 0 . . . . . . . . . . . . . .
74 0 L L 1 . . r / . V . . . . . . R V . . . . . . . L . V R . . . . . R 0 / . . . . . . . . . . . . .
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