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Decision Algorithms for Reversibility of One-dimensional Non-linear Cellular Automata Under
Null Boundary Conditions

MA Junchi, CHEN Weilin, WANG Chen, LIN Defu and WANG Chao
College of Software, Nankai University, Tianjin 300350, China

Abstract The property of reversibility is quite meaningful for the classic theoretical computer science model, cellular automata.
For the reversibility problem for a CA under null boundary conditions, while linear rules have been extensively studied, the non-
linear rules have so far been rarely explored. The paper investigates the reversibility problem of general one-dimensional CA on a
finite field Z, .and proposes an approach to optimize the Amoroso’s infinite CA surjectivity detection algorithm. Based on this,
this paper proposes an algorithm for determining the invertibility of one-dimensional CA under zero boundary conditions, inclu-
ding an algorithm for determining the strict invertibility of one-dimensional CA under zero boundary conditions,and an algorithm
for calculating the invertibility function of one-dimensional CA under zero boundary conditions based on barrel chain. These deci-
sion algorithms work for not only linear rules but also non-linear rules. In addition, it has been confirmed that the reversibility
function always has a period.and its periodicity is related to the periodicity of the corresponding bucket chain. Some of the experi-
ment results of reversible CA are presented in this paper,complementing and validating the theoretical aspects,and thereby fur-
ther supporting the research conclusions of this paper.

Keywords Cellular automata, Non-linear rules,Reversibility, Null boundary.One-dimensional
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Table 3 Rule number satisfies strict reversibility(rp =1,rg=1)
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5 195 11000011
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F4 WL RN E S GL=1.rr=2)

Table 4 Rule number satisfies strict reversibility(rp =1,rg=2)
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16 30810 33 61650
17 30840 34 61680
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2. To<AXiit} i 1,qe=—1

3. while true do

4. Ti<0

5. for each (XE€ Ti—1,a€S) do

6. Xo<{(k—D =¥ y| Je€ S, f(ev)=a H X 05 ey M%)
7. Ti<TiU{X.}

8. end for each

9. R <1

10.  for each X€ Ti—; do

11. if X=0 then

12. R(i)<0,break while

13. end if

14. if X A& — A4 re F ¥ then
15. R(i)<=0,break for each

16. end if

17.  end for each

18. if 3j€[1.i—11.T;="T, then
19. q<i—j,break while

20. /x BT AR+ /

21. endif
22, i<it+1
23. end while
0, if qg=—1
24, Vi>i.R(jH<
RG—q ., ifqA—1

25. return R
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AL B B S T 6 R AR S B L B I R AR B R e 4
SUTREE . FEEVE 4 b S A DR Y A A TR — A
. AT, X B B AR . AR SO OG0 B R B A BT
EER RS E LR RAR S ER L 4 A, B
KR — B R IAR T, A SR EE T —
rr ZE VR B L B A 57 BB BT % CA 76 40 B8k R o B A T 336, B
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Computation of reversibility function for rule number 19
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Table 5

for some n=2

Xf A8 90 =2 ] 3 Ay R S Ay g

25 Sl g w H X B
X HE 2L =2 W] Y BS54 AT 5 R AL

Reversibility function of rule numbers that are reversible

(S=Z; ,N={—1,0,1})

U EEXEE
(510 =(00000101)
(37)10=(00100101),,
(122) 1, = (01111010), 1, n=2
(133) 10 = (10000101),, R(m:{o. E
(218)15=(11011010),
(2500, =(11111010),
(19) 10 = (00010011)
(25)10=(00011001),,
(28) 10 = (00011100) ,
(57)10=(00111001),,
(67)10= (01000011,
(70) 10 = (01000110,
(76)10=(01001100) ,
(99)10= (01100011, 1, a=1.2
(156)15=(10011100), R(’”:{o, XL

(179)10=(10110011),
(185) 0= (10111001),
(188)1,=(10111100),
(19819 = (11000110,
(227)10=(11100011),
(230)1,=(11100110),
(236)19=(11101100),

(51)10=(00110011),
(60)1p=(00111100),
(102) 19 = (01100110,
(153)10=(10011001),
(195) 1, =(11000011),
(204) 19 = (11001100,

R =1

(90)1p=(01011010),
(165)1,=(10100101),

1, 7n=0 mod 2

R(”)’{o. A4 R

(105),0=(01101001), 1, #n=0,1 mod 3
(15015 =(10010110) R(m:{o. 41 R
(108) 1, = (01101100), 1. n—1.2.3
(147) 14 = (10010011),, R(m:{o. 41 R
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