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Abstract—Computational verb cellular networks (CVCNs) are
a new kind of cellular computational platform where the local
rules are computational verb rules. In this paper, the mechanism
of forming vertical dislocation patterns in one-dimensional CYCN
is studied mathematically. The computational verb local rules
(verb local rules, for short) of vertical dislocation pattern are
constructed based on the decomposition of the global evolving
pattern. Based on the verb local rules, mathematical equations
are constructed to define the solutions of 1D CVCN. The solution
is calculated numerically using Matlab to verify the usefulness
of the theoretical predictions.
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I. INTRODUCTION

Cellular automata have been widely applied to many fields,
such as sociology, biology, ecology, information science, math-
ematics, military science, and etc. It is usually recognized as
a universal method of modeling. Computational verb cellular
networks (CVCNs) generalize cellular automata by introduc-
ing dynamics into the construction of local rules. CVCN is a
new kind of cellular computational platform where the local
rules are computational verb rules.

The organization of this paper is as follows. In Section II,
the architectures of 1D computational verb cellular networks
will be presented. In Section III, some patterns found in
1D CVCN will be summarized. In Section IV, the vertical
dislocation pattern solutions of 1D CVCN will be studied. In
Section V, some concluding remarks will be included.

II. ARCHITECTURES OF 1D COMPUTATIONAL VERB
CELLULAR NETWORKS

In a 1D CVCN [1], the cells are arranged along a line and
each cell only has cells immediately to its left and right as its
neighbors. Therefore, in a 1D CVCN the neighborhood of a
center cell is arranged within a line segment. The verb local
rules of 1D CVCN have the outputs of cells as antecedents.
The reasoning results of verb local rules determine the state
of a center cell.

In this paper, only 1D CVCNs with 1-neighborhood are

studied. The verb local rules for 1-neighborhood is given by

IF (Eifl(k) Vp’,1 AND l’z(k) Vp70 AND xiJrl(k) prl,

THEN z;(k+1) V,; p=1,...,m.
ey

Observe that the dynamics of the 1D CVCNs are determined
by a set of m verb rules. If we cluster all dynamics of cells into
a few computational verbs [2], which are called standard verbs
henceforth, then we can build the local rules by exhausting all
combinations of standard verbs. Let Sy = {V1,...,V,, } be the
set of standard verbs. There are total n? possible combinations
for a neighborhood and n"’ possible 1D CVCNs constructed
from Sy. When n = 3 the number is n"* > 7.6256¢+012 and
when n = 4 the number is n™ > 3.4028e + 038. Therefore,
we only study the case when n = 2, which leads to n"’ = 256
1D CVCNs. When n = 2, we choose the standard verb set
as Sy = {increase, decrease}. When n = 2 the rule base in
Eq. (1) is explicitly listed in Table I.

In this case, the verb local rules are listed in Table I. The
verb reasoning of the eight verb rules in Table I results in
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where V,, _1, V,, _1, V), _1 are the computational verbs listed
in the first, second and third column of the pth rule in Table I,

TABLE 1. VERB LOCAL RULES OF THE 1D CVCN BASED ON A SET
OF STANDARD VERBS (Sy = {increase, decrease}).

zi1(k) Vp,—1 | i(k) Vpo | Zix1(k) Vpa | zi(k+1) Vyp
decrease decrease decrease V1
increase decrease decrease Vo
decrease increase decrease V3
increase increase decrease Vg
decrease decrease increase Vs
increase decrease increase Vg
decrease increase increase A\
increase increase increase Vg
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respectively. gp is a parameter to model the consequent verbs
V,. gp is given by

, V, = increase;
gp=4 9 3)
gp, Vp = decrease.

The simplest verb similarities are given by

1
. k —_——
S(increase, z(k)) 1+ e 2e/A 4)
1
S(decrease, z(k)) = 1+ ede/A

where A > 0, k > 0 and A, = z(k) — z(k — 1). f(")
is the output function. @« = —1,0 and 1 is the directional
influential index that defines the output of which neighbor
influences x;(k + 1). When o« = —1,0 and 1, we call the 1D
CVCN is left-influential, self-influential, and right-influential,
respectively. Here we choose the nonlinear output function as

fla) = —

1+e®

To avoid clutter and follow the convention of the established
labeling method widely used in the study of cellular automata
(CA), we use Wolfram notation to label 1D CVCNs when
Sy = {increase, decrease}. For example, corresponding to
“rule 30 CA”, the local rules of “rule 30 1D CVCN” is
given by Table II. The last column in Table II lists a binary
representation {b,} of elements in Sy = {increase, decrease}.
Here, when V,, = decrease the corresponding {b,} = 0 is
denoted and when V,, = increase the corresponding {b,} =1
is denoted. The binary number bgb7bgbsbsbsbobi is used as
a unique identification number for a 1D CVCN. In the case
shown in Table II this binary number is bgb7bsbsb4b3b201 =
00011110 = 30. Therefore, the 1D CVCN, of which the verb
local rules are listed in Table II, is identified as “rule 30 1D
CVCN”.

(5)

III. OUTPUT PATTERNS OF 1D CVCN

We found from many simulations that the output patterns
of 1D CVCNs follow certain regularities with respect to their
parameters listed as follows.

1.If gr =1 or —1 and gp = 1/gz, then gr = gp. So
whatever rule is, the output patterns is the same as that shown
in Fig. 1.

TABLE II. VERB LOCAL RULES OF “RULE 30 1D CVCN” BASED ON
A SET OF STANDARD VERBS (Sy = {increase, decrease}).

i1 (k)Vp,—1 | zi(k)Vpo | Tit1(B)Vp1 | mi(k+1)Vy | by
decrease decrease decrease V1 = decrease 0
increase decrease decrease Vo = increase 1
decrease increase decrease V3 = increase 1
increase increase decrease V4 = increase 1
decrease decrease increase V5 = increase 1
increase decrease increase Vg = decrease 0
decrease increase increase V7 = decrease | 0
increase increase increase Vg = decrease 0
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Figure 1. An output pattern when gy = 1.

2. Stripe patterns and homogenous patterns have high prob-
ability in 1D CVCNs. When g; approaches —oo, 0 and 400,
the patterns are most likely stripe. When gy approaches 1
and —1, the patterns are most likely homogenous. If g; is far
from gp, then big difference is between weights of “increase”
and “decrease”. This difference results in stripe patterns. An
example of two-color stripe patterns is illustrated in Fig. 2.

3. If rule; =~ruley and g;, = 1/gy,, the two patterns
must be the same as the rule pair shown in Fig. 3 of
next page. The reason is as follows. If rule; =~rules,
then (bgbrbbsbabzbabi)rule, (bgbrbsbsbabsbabi )rule, -
989796959493g29g1 1is corresponding to bgb7bgbsb4bsbabi. And
the two sides of g; and gp are reverse to each other. But
g1, = 1/g1,. Therefore, the patterns are the same.

=~

IV. SOLUTION OF VERTICAL DISLOCATION PATTERNS

In [3], checkbox, flip-flop and homogenous patterns are
discussed. In this paper, the solution of vertical dislocation
pattern is studied mathematically.

Fig. 4(a) is the vertical dislocation patterns including two
colors. It is found in self-influential 1D CVCN; namely, in
the case of @ = 0 in Eq. (2). In this pattern, only the middle
column is out of phase to the background, which is a two-
color flip-flop pattern. We choose real numbers a, b stand for

iterations

10 20 30 40 50
cells

60 70 80 90 100

Figure 2. A two-color stripe pattern.
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Figure 3. An output pattern when rule= 208, gy = 0.4 or rule= 47, g5 =
2.5.

iterations
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(a) The vertical dislocation pattern.

(b) Local patterns of six generation of
cells to generated vertical dislocation
pattern.

Figure 4. (a) The vertical dislocation pattern. (b) Local patterns of six
generation of cells to generated vertical dislocation pattern.

two colors. Fig. 4(b) shows local patterns of six generation
of cells to generated vertical dislocation pattern, of which the
two colors are represented by a and b.

We analyze Fig. 4(b) and come out eight local evolving
patterns, which are shown in Fig. 5 of next page, for the center
cell to generate the vertical dislocation pattern. In each local
pattern shown in Fig. 5, the first and the second row show the
values of three cells at iterations k£ — 1 and k, respectively.
The third row shows the valued of the central cell at iteration

k + 1. To find the conditions of forming a vertical dislocation
pattern in a 1D CVCN, we need to find the conditions under
which all local patterns shown in Fig. 5 exist for a pair of
constants a and b.

A. Local Evolving Pattern shown as Fig. 5(a)

For Fig. 5(a), the left cells, center cells and right cells have
the following verb similarities.
1

T 1te 00
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T 11 et
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1
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Srr = S(increase, ;_1(k))

Srp = S(decrease, v;_1(k)) (62)

Scr = S(increase, z;(k))

Scp £ S(decrease, z;(k))

Srr = S(increase, z;11(k)) (6b)

Srp = S(decrease, z;41(k))

It follows from Eq. (6) that

A= S =58cr=Sgr1,B2SLp=Scp = Skp.

)

Let y, denote the output, then we have

A 1
Yo = f(%‘ﬂ(lf)) = m (8)

It follows from Eq. (2)~Eq. (5) that the state of the central
cell in the next evolving step, x;(k + 1) = a, is calculated as
follow.

Z = S.pScpSrp + StpScpSrr + StpScrSrp

+SLpSciSrr + SL1ScpSrp + SL1ScpSkr
+ SrrScrSrp + Sp1SciSrr

= (A+B),
Dot
— = 1S.pScpSrp + 925D ScpSRI

Yo )
+935.pSc1Srp + 948D ScrSrr + 95SL1S¢pSRD
+965L1ScpSrr + 975L1Sc1Srp + 98SL1ScrSrr
= (g2 + g3+ 95)A32 + (94 +96 + 97)AQB
+ gsA® + 1 B,

Dot

2s

B. Solution of Equation

We have designed MATLAB program to solve the equa-
tions in above symbolically. For each local evolving pattern,
we can symbolically find the equations of output by using
this program. For the example shown in Fig. 5(a), input is
[aaabbbal,outputis fi =37 /> = a corresponding
to Eq. (9).

Because vertical dislocation patterns have eight local evolv-
ing patterns, eight sets of equations will be established. The
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Figure 5. Eight local evolving patterns for Fig. 4(b).

other seven sets of equations are found following the same
procedure. In order to find the conditions under which vertical
dislocation patterns form, we need to solve the eight equations
by using Matlab.

Eight equations are all transcendental equation, and it is
impossible to find analytical solutions. Instead, we can find
some numerical solutions by Matlab. We get the following
solution a = 0.0998, b = 5.2492, A = 0.5000, g; = 10.0000
and gp = 0.1000. The simulation result of a 21-cell array is
shown in Fig. 6. Toroidal boundary condition is used. The ini-
tial conditions are z;(—1) = 0 and z;(0) = 0,i =1,...,11,
except that the center cell has an initial state z11(0) = 1.

Observe from Fig. 6(b) that a vertical dislocation pattern
formed with the values in coordinate with our theoretical
prediction. At the end of the evolution, all cells flip-flop
between a and b.

V. CONCLUSIONS

To analytically study the solutions of patterns generated by
1D CVCNs is extremely difficult. There are many complex
patterns in 1D CVCNs, like chaos patterns, multiple patterns
and ladder patterns. The more complex the pattern is, the
more variables and equations will need. In order to solve these
equations, we need to establish a more general solution and
improve the computation speed.
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Figure 6. (a) The vertical dislocation pattern. (b) Local patterns of six
generation of cells to generated vertical dislocation pattern.
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