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On Asymptotic Solutions and Fundamental Diagrams of Some

Fuzzy Cellular Automata with 4 Neighbors
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School of Fundamental Science and Engineering, Waseda University

Abstract.  We fuzzificate two particle cellular automata of first order ontime and with
4 neighbors. The fuzzification is realized by giving continuous polynomial rules from the
rule tables of flow of cellular automata. We derive asymptotic solutions at infinite time
step for the fuzzy cellular automata. Moreover, fundamental diagrams for the systems are
also obtained using their solutions.
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(1.2) PCA3 ™' =i} + q(d}_ ) — q(u}, u, ),

(1.3) PCA4 ™ =i} + qd)_y,ull_ u}) — qQd_ ) ul, ol ).
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D55 20D FIFCH#RT 3. (1.2),(1.3) 1%, BEORKL DR FEIZELSHRAT
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TE5. LIhoT, XD q 3P THOOLNZMBICHEL 2B THZ DT, LIKTIX
MEEMRZXIZT S, ZROLDME g ZZNZTNUUTORDOL—VLTEZ NS [4].

Table 1. Rule table of g of PCA3
a, b 11 | 10 | 01 | 00
PCA3

q(a,b) || O 1 01]0

Table 2. Rule table of g of PCA4-1
a,b,c 111 | 110 | 101 | 100 | 011 | 010 | 001 | OOO
PCA4-1
q(a,b,c) 0 1 0 1 0 1 0 0
Table 3. Rule table of q of PCA4-2
a,b,c 111 | 110 | 101 | 100 | 011 | 010 | 001 | OOO
PCA4-2
q(a,b,c) 0 1 0 0 0 0 -1 0
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Fig. 1. Fundamental diagram of PCA3.
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Fig. 2. Fundamental diagram of PCA4-1. Fig. 3. Fundamental diagram of PCA4-2.
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Fig. 4. Fundamental diagram of fuzzy CA defined by (1.4).

A Tl PCA4-1,PCA4-2 Z@iMt e L, 2o 7 7V —{LLRICOWVWTHEMm T
5. ZNODRITOVWTKHEAT0FEE L ROENEMRZIRH L, £0D & 5 BRERN)E
LNL MR .

2. PCA4-1 @7 7 —1LICDOWT
21 77— (L EHERE
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Fig. 5. Example of change of a solution through transformation of variables. (a) Solution
to fPCA4-1 defined by (1.3) and (2.1), (b) Solution to (2.2) derived by the transformation.
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Fig. 6. Fundamental diagram of fPCA4-1. Fig. 7. Fundamental diagram of
fPCA4-1 obtained by numerical calcu-

lation.
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(a) Fundamental diagram of fPCA4-2. (b) Fundamental diagram of PCA4-2 and that
of uniform solution to fPCA4-2.
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Fig. 8. Fundamental diagram and boundary curves of fPCA4-2.
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