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(a) (b)

Fig. 11. State space trajectories of the RLC-memristor circuit with R = 1, L = 0.5, C0 = 0.1 and a = 2, b = 1/3, c = 0.2
in memristor characteristic (50). The initial conditions (marked with ×) are chosen to ensure that the trajectories lie on the
invariant manifoldsMI . (a) Manifold with I = 2 (the unique equilibrium point is marked with ◦); (b) Manifold with I = −2
(the unique equilibrium point is marked with ◦).

following inequalities

1 <
a

R
<

L

R2C0
, c <

b

R
a

R− 1

hold, then the RLC-memristor circuit is nonoscil-
latory and the manifold MI has three equilibrium
points (two stable and one unstable) for small val-
ues of |I| and a unique stable equilibrium point for

large values of |I|. This scenario is illustrated for
the circuit parameters R = 1, L = 0.5, C0 = 0.1
and the constants a = 2, b = 1/3, c = 0.2 in Figs. 10
and 11, where all the trajectories show convergence
toward one of the stable equilibrium points.

Finally, we observe that if we set L = 1,
α = 1/C0, β = 1/(RC 0) and define the new state
variables

V = x1, W = −x2 + βx1 + I, (52)

(a) (b)

Fig. 12. (a) Trajectories in the (V,W )-plane of the FitzHugh–Nagumo model with a = 1, b = 1/3, c = 0, α = 0.08, β = 0.064,
and I = 0.2. (b) Trajectories in the (vc, iL, qm)-space of the RLC-memristor circuit with a = 1, b = 1/3, c = 0, R = 1.25,
L = 1, C0 = 12.5 and I = 0.16. The initial conditions are marked with ×. Trajectories with the same color are related via (49)
and (52).
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with I = αI/β, then system (48) can be rewritten
equivalently as

V̇ = aV − b V 3

1 + cV 2
1

−W + I,

Ẇ = αV − βW.

(53)

It can be verified that for a = 1, b = 1/3, c = 0
and α = 0.08, β = 0.064, system (53) is indeed the
classic FitzHugh–Nagumo model [FitzHugh, 1961;
Nagumo et al., 1962] which is known to display
oscillatory behaviors for some values of the con-
stant input I, as shown for I = 0.2 in Fig. 12(a).
This implies that system (48) shows nontrivial peri-
odic solutions on the manifold MI with I = 0.16
when R = 1.25, L = 1, C0 = 12.5 and a = 1,
b = 1/3, c = 0, as depicted in Fig. 12(b). Hence,
condition (51) cannot hold for the RLC-memristor
circuit with this set of parameters, as it can be
readily verified from (51) since we have a = 1 and
L/(RC0) = 0.0064.

As a final remark, we point out that this equiv-
alence between the FitzHugh–Nagumo model and
the RLC-memristor with this parameter setting
has been investigated in [Innocenti et al., 2022],
showing that there is a one-to-one correspondence
between the solutions of the FitzHugh–Nagumo
model obtained by varying the constant input I and
the memristor circuit solutions.

5. Conclusions

In this paper, we have derived some conditions to
ensure that memristor circuits are nonoscillatory,
i.e. they do not display oscillations and more com-
plex attractors, thus enabling convergence toward
the equilibrium points. Specifically, we have consid-
ered the class of memristor circuits composed by
the interconnection of a linear time-invariant two-
terminal (one port) element and an ideal memristor
with a slope-bounded characteristic. The conditions
exploit a well-known feature of these memristor
circuits, i.e. their state space is decomposed in a
continuum of invariant manifolds, and rely on two
steps: (i) to derive an explicit state space repre-
sentation of the circuit dynamics on each invari-
ant manifold; (ii) to ensure that the variational
equations associated to the 2-additive compound
matrix of the Jacobian of all these representa-
tions are exponentially stable. The second step has
been addressed by looking for a suitable Lyapunov

function and exploiting the fact that the Jacobian of
the representations does not depend on the consid-
ered invariant manifold. Notably, the Jacobian coin-
cides with that of the circuit where the memristor
is replaced by a nonlinear resistor having the same
characteristic. This makes it possible to show that
the memristor circuit is nonoscillatory if there exists
a common quadratic (or homogeneous polynomial)
Lyapunov function for two suitable 2-additive com-
pound matrices, a problem which requires the solu-
tion of two LMIs. The results are illustrated via
the analysis of two memristor circuits, showing how
regions on the circuit parameters space can be
derived where oscillations and more complex behav-
iors are ruled out and the solutions display conver-
gence toward one of the infinitely many nonisolated
equilibrium points.
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Nuñez, H. H., Filobello-Niño, U. A. & Castro-
Gonzalez, F. J. [2016] “Transforming the canonical
piecewise-linear model into a smooth-piecewise repre-
sentation,” SpringerPlus 5, 1612.

Khalil, H. K. [2002] Nonlinear Systems (Prentice Hall).
Kumar, S., Strachan, J. P. & Williams, R. S. [2017]

“Chaotic dynamics in nanoscale NbO2 Mott memris-
tors for analogue computing,” Nature 548, 318–321.

2550151-18

In
t. 

J.
 B

if
ur

ca
tio

n 
C

ha
os

 2
02

5.
35

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 9
5.

24
4.

18
4.

24
2 

on
 0

1/
08

/2
6.

 R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



July 24, 2025 20:22 WSPC/S0218-1274 IJBC 2550151

A Lyapunov Condition for Nonoscillatory Behaviors

Li, M. Y. G. & Muldowney, J. S. [1995] “On
R. A. Smith’s autonomous convergence theorem,”
Rocky Mt. J. Math. 25, 365–378.

Liang, Y., Wang, G., Chen, G., Dong, Y., Yu, D. &
Iu, H. H.-C. [2020] “S-type locally active memristor-
based periodic and chaotic oscillators,” IEEE Trans.
Circuits Syst.-I : Regul. Pap. 67, 5139–5152.

Lofberg, J. [2004] “YALMIP: A toolbox for model-
ing and optimization in MATLAB,” 2004 IEEE Int.
Conf. Robotics and Automation (IEEE Cat. No.
04CH37508 ) (IEEE), pp. 284–289.

Martini, D., Angeli, D., Innocenti, G. & Tesi, A. [2022]
“Ruling out positive Lyapunov exponents by using the
Jacobian’s second additive compound matrix,” IEEE
Control Syst. Lett. 6, 2924–2928.

Martini, D., Angeli, D., Innocenti, G. & Tesi, A. [2023]
“Bounding Lyapunov exponents through second
additive compound matrices: Case studies and appli-
cation to systems with first integral,” Int. J. Bifurca-
tion and Chaos 33, 2350114.

Mazumder, P., Kang, S. M. & Waser, R. (eds.) [2012]
“Special issue on memristors: Devices, models, and
applications,” Proc. IEEE 100, 1911–1919.

Muldowney, J. S. [1990] “Compound matrices and ordi-
nary differential equations,” Rocky Mt. J. Math. 20,
857–872.

Nagumo, J., Arimoto, S. & Yoshizawa, S. [1962] “An
active pulse transmission line simulating nerve axon,”
Proc. IRE 50, 2061–2070.

Ofir, R., Ovseevich, A. & Margaliot, M. [2024] “Con-
traction and k-contraction in Lurie systems with

applications to networked systems,” Automatica 159,
111341.

Sebastian, A., Le Gallo, M., Burr, G. W., Kim, S.,
BrightSky, M. & Eleftheriou, E. [2018] “Tutorial:
Brain-inspired computing using phase-change mem-
ory devices,” J. Appl. Phys. 124, 111101.

Sirakoulis, G. C., Ascoli, A., Tetzlaff, R. & Yu, S. [2022]
“Guest editorial memristive circuits and systems for
edge-computing applications,” IEEE J. Emerg. Sel.
Top. Circuits Systems 12, 717–722.

Strukov, D. B., Snider, G. S., Stewart, D. R. & Williams,
R. S. [2008] “The missing memristor found,” Nature
453, 80.

Tetzlaff, R. (ed.) [2014] Memristors and Memristive Sys-
tems (Springer).

Vista, J. & Ranjan, A. [2019] “A simple floating MOS-
memristor for high-frequency applications,” IEEE
Trans. Very Large Scale Integr. Syst. 27, 1186–1195.

Williams, R. S. [2017] “What’s Next? [The end of
Moore’s law],” Comput. Sci. Eng. 19, 7–13,

Wu, C., Kanevskiy, I. & Margaliot, M. [2022a] “k-
contraction: Theory and applications,” Automatica
136, 110048.

Wu, C., Pines, R., Margaliot, M. & Slotine, J.-J. [2022b]
“Generalization of the multiplicative and additive
compounds of square matrices and contraction the-
ory in the Hausdorff dimension,” IEEE Trans. Autom.
Control 67, 4629–4644.

Yang, J. J. & Williams, R. S. [2013] “Memristive
devices in computing system: Promises and chal-
lenges,” J. Emerg. Technol. Comput. Syst. 9, 11.

2550151-19

In
t. 

J.
 B

if
ur

ca
tio

n 
C

ha
os

 2
02

5.
35

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 9
5.

24
4.

18
4.

24
2 

on
 0

1/
08

/2
6.

 R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.


	5 Conclusions

