
 

Fuzzy 

 

 
Abstract. Fu
in the space o
the one-step 
space, a coar
time errors ar
bound. With 
maximum ef
(FGCM-AI), 
FGCM to ach
 

Fuzzy Gene
master equa

where x is a
transition po
master equa
which is an
stochastic p
FGCM offe
nonlinear dy
is proposed
interpolatin
respect to t
estimate the

A 3-D jerk 

where S is a
[−1.5, 1.5] ×
cell. Supp(S
 

Figu
 

A codimens
catastrophic
rich at the ve
effects whic
References
[1] Liu X. M

of Genera
[2] Liu X.M.

Mapping 

Generaliz
Bifurcati

*St

H

uzzy Generaliz
of fuzzy param
transition mem

rse database is
are examined w

such an adap
fficiency gains

bifurcation an
hieve the same

eralized Cell 
ation is given

a fuzzy proc
ossibility fun
ations. A par
nalogous to 
processes. Th
ers a very e
ynamical sys

d to improve
g in the sta
the fuzzy pa
e solution x(T

system with 

a triangular 
×[−3, 3] ×[−
S) is discretiz

ure 1: Codimen

sion two bifu
c and explosiv
ertex of the c

ch cannot be s
s 

M., Jiang J., Hon
alized Cell Map
, Jiang J., Hong
with Adaptive 

zed Cell M
ion Analys

Ling
tate Key Labor

Xi’an 
**Sta

Hefei General 

zed Cell Mapp
meters. The ad
mbership matr
s constructed a
with the explic
ptively expand
s. The new m
nalysis shows 
e analyzing acc

Mapping w
n as follows f

0

( , ) supp t



x D

x

cess, p(x, t) i
nction. Equa
rtial different

the Fokker
he solution 
effective me
stems. For th
e the efficien
ate space. Fo
arameter s ∈
T, x0, s), whi

fuzzy uncert

fuzzy numb
0.8, 0.8] is d
zed into 257 

sion two bifurc

urcation of fu
ve bifurcatio
codimension 
seen in the de

ng L. et al. (201
pping with samp
g L. et al. (2019
Interpolation. I

apping wit
sis of Nonli

Hong*, Jun
ratory for Stren
Jiaotong Univ

ate Key Labora
Machinery Re

ping (FGCM) 
daptive interpo
rix to enhance
at first, and th
cit formula of

ded database o
ethod is terme
that the FGCM

curacy. 

I
ith Adaptive
for the possib
p[min{ ( ,p t
D

x

is the memb
tion (1) of th
tial equation
r-Planck-Kol
to the equat
ethod for so
he determinis
ncy of direct
or fuzzy sys
∈ supp (S), in
ich is expecte

Resul
tainty is cons

∈
er. In the fo

discretized in
equal segme

ation in the two

uzzy chaotic 
n curves inte
two bifurcati
eterministic s

8) Studying the
pling-adaptive i
9) Fuzzy noise i
Int. J. of Bifurca

th Adaptiv
inear Syste

n Jiang* and 
ength and Vibr
versity, Xi’an, 
atory of Comp
esearch Institu

 
method is dev

olation on the 
e the efficienc
hen interpolatio
f interpolation 
on hand, interp
ed as Fuzzy G
M with AI ha

Introductio
e interpolatio
bility transit

0 0 0, ), ( ,t px x

ership distrib
he FGCM ca
n for the fuzz
lmogorov eq
tions is in g
olutions to f
stic system x
t numerical 
stem, since t
nterpolation 
ed to increas
lts and disc
sidered here 

ollowing anal
nto 51×101×2
ents. The dur

o parameter spa

attractors is 
ersect. The dy
ion. Such a co
systems. 

e global bifurca
interpolation. In
induced codime
ation and Chao

3

-0.5

0

0.5

ve Interpo
ems with F

Xiao-Ming
ration of Mecha

710049, P. R.
pressor Techno
ute, Hefei 2300

veloped with th
set-valued fuz

cy of the FGC
on nodes are i
error until th

polating calcul
Generalized C
as a thirtyfold 

on 
on (FGCM w
ion of contin

0, )}],t x D

bution funct
an be viewed
zy master eq
quation for 
general very 
fuzzy maste

x f x, , th
simulation. I
the solution 

in the fuzz
se the efficien
cussion 

with the help

lyses using t
27 cells and 
ration of one 

ace of a 3-D Jer

found at a ve
ynamics of th
odimension-t

ation involving 
nt. J. of Bifurca
ension two bifu

os 29(11): 1950

3

5

2
1

0

0
-1

5

-2

lation (FG
Fuzzy Unc

g Liu** 
anical Structur
China 

ology,  
031, P. R. Chin

he help of the 
zzy parameter 

CM. For each 
inserted into th
e maximal err
lations assure 
ell Mapping w
to fiftyfold eff

with AI) is int
nuous fuzzy p
D       

ion of x at t,
d as a discrete
uation of con
the probabil
difficult to 
r equations,

he Interpolate
It estimates 
of the equa

zy parameter
ncy of the FG

p of the FGC

the FGCM w
5×5×5 point
mapping ste

rk system with f

ertex in a tw
he fuzzy chao
two bifurcatio

Wada boundary
ation and Chaos
urcations captur
151. 

1

0

-1
-3

GCM with 
certainties 

ures, 

na 

Adaptive Inte
r is introduced
of initial poin

the database it
rors are just u
the required 

with Adaptive
fficiency over 

troduced firs
process, 
        

t, and p(x, t, 
e representat
ntinuous tim
lity density 
obtain analy

, particularly
ed Cell Mapp
the solution

ation is cont
r space is co
GCM[1]. 

CM with AI 

with AI, the 
ts are sample
ep is T = 2π[2

fuzzy uncertain

wo-parameter 
aotic systems 
on is fuzzy n

ry metamorphos
s 28(2):183000
red by Fuzzy G

3

-0.5

2
1

0

0
-1

0.5

-

AI) for 

erpolation (AI)
in computing

nts in the state
teratively each
under the error
accuracy with

e Interpolation
the traditional

st. The fuzzy

     (1)

x0, t0) is the
tion of fuzzy

me processes,
function of

ytically. The
y, for fuzzy
ping method

n x(T, x0) by
tinuous with
onsidered to

domain D =
ed from each
2]. 

nty[2] 

plane where
is extremely

noise-induced

sis by a method
03. 
Generalized Cell

1

0

-1
-2

-3

) 
g 
e 
h 
r 
h 
n 
l 

y 

) 

e 
y 
, 
f 
e 
y 
d 
y 
h 
o 

= 
h 

 

e 
y 
d 

d 

l 


