
Abstract This article discusses software tools for studying 
non-linear dynamical systems. For a detailed analysis of the 
behavior of chaotic systems stepsize-parameter diagrams are 
introduced. A new self-adjoint semi-explicit algorithm for the 
numerical integration of differential equations is described. 
Two modifications of the proposed method are represented. A 
two-memcapacitor circuit is selected as a test dynamical 
system. Symmetry, accuracy and performance analysis of semi-
explicit extrapolation ODE solver are considered in a series of 
computational experiments. Phase space of the two-
memcapacitor circuit model, stepsize-parameter diagrams and 
dynamical maps are given as experimental findings. 

memristor

memcapacitor meminductor

 transtors
memtranstors

-G
Cm Cm

L G

______________________________________________________PROCEEDING OF THE 21ST CONFERENCE OF FRUCT ASSOCIATION

ISSN 2305-7254



Lcc

ccc

c
L

iuuG
dt

dq

uGuuG
dt
dq

u
dt
diL

Lcc

ccc

c
L

qG
dt

d

GG
dt

d
dt

dqL

x qL y z c L d G e
G a b a b

xzbzaybyaez
zbzaeybyaedy

zbzacx

a b a b c
d e

D D

xFx t
dt
d

D

xi

Niii xxxxtfx
dt
d

nNninninini xxxxthfxx

D
fi tn xn fi n xi n

hOffhhfxx

hOffhhfxx

hfxx

N

j
nNnjnNnNnN

nnnnn

nnn

h
D

DE t h x
adjoint

DI t h x D

xN xN

nN

implicit

ninninini xxxxthfxx

hOffhhfxx

hOffffh

hfxx
hOffhhfxx

N

j
nnjnnn

nNnNnNnN

nNnNnN

nNnNnnNnN

x x

N
am

m

c bn
uc n q

q
u

______________________________________________________PROCEEDING OF THE 21ST CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 65 ----------------------------------------------------------------------------



ninini

ninini

xhgxx
xhgxx

D

D

D

h
O h k nj

jn

x tn h Tj
h nj

kk

T
T T
T T T

TkkTk

j k j k
j k N j k

j p

j k

T T
T t T n

n
p D

xN Tk k
nj

D

yxgy
yxfx

D

nnnn

nnnn

nnnn

nnnn

yxhfxx
yxhgyy

yxhgyy
yxhfxx

SED

nnnn

nnnn

nnnn

nnnn

nnnn

nnnn

yxhfxx
yxhfxx

yxhgyy
yxhgyy

yxhgyy
yxhfxx

D

Listing 1
h=h/2; 
float tmp; 
int i; 
int k=4; 
x=x+h*c*(a2*z+b2*z**3); 
y=y+h*((d-e)*(a1*y+b1*y**3)+... 
+e*(a2*z+b2*z**3)); 
z=z+h*(e*(a1*y+b1*y**3-a2*z-b2*z**3)-x); 
tmp=z; 
for (i=0; i<k; i++) 
z=tmp+h*(e*(a1*y+b1*y**3-a2*z-b2*z**3)-x); 
tmp=y; 
for (i=0; i<k; i++) 
y= tmp+h*((d-e)*(a1*y+b1*y**3)+... 
+e*(a2*z+b2*z**3)); 
x=x+h*c*(a2*z+b2*z**3);
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Listing 2. 

h=h/2; 
float tmp; 
int i; 
int k=4; 
x=x+h*c*(a2*z+b2*z**3); 
y=y+h*((d-e)*(a1*y+b1*y**3)+... 
+e*(a2*z+b2*z**3)); 
z=z+h*(e*(a1*y+b1*y**3-a2*z-b2*z**3)-x); 
tmp=z+h*(-x+e*(a1*y+b1*y**3)); 
for (i=0; i<k; i++) 
z=tmp+h*e*(-a2*z-b2*z**3); 
tmp=y+h*e*(a2*z+b2*z**3); 
for (i=0; i<k; i++) 
y=tmp+h*(d-e)*(a1*y+b1*y**3); 
x=x+h*c*(a2*z+b2*z**3);
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