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Fig. 1. Hysteresis loop for discrete memristor: (a) ¢ (0) =
0.1, w=01and A = 0.2, 03, 04; (b) ¢(0) = 0.1, 4 =
0.5 and w = 0.2, 0.4, 0.8; (c) A = 0.5, w =02 and ¢ (0) =
3.0, 0.1, 3.0.
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Fig. 2. (a) POP and (b) DC V-I plot of memristor.
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Fig. 3. Topology of heterogeneous discrete neural network.
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Table 1.  Equilibrium points, eigenvalues, and stability of neural network.

(p1, p2) (21(n), 1a(n), ©1(n), @4(n)) FHEME FasE
(0.0342, 0.001, 0.0323, 0.0086) ~0.5593, 0.8269, 0.8889, 0.9994-£0.0022i, 1 Ak AN
(0.0352, 0.001, 0.036, ~0.3372) —0.5593, 0.8509, 0.8291, 0.8881, 0.9990, 0.9996 NGy e
(0.1, 01) (0.0392, 0.0021, —0.2489, ~0.3372) ~0.5587, 0.8296, 0.9425, 0.9017, 0.8926, 0.9994 AR e 5
(168.8416, 0.0715, —0.7368, —0.3416) 0, 0.8900, —0.5580, 0.1857, 0.8236, 0.9994 NGy e
(0.0339, 0.0009, 0.0973, -0.0618) ~0.5589, 0.8097, 0.8892, 0.9953-0.00151, 0.9995 AR AN
(0.0347, 0.0018, 0.1062, —0.3375) —0.5586, 0.827740.00471, 0.8890, 0.9955, 0.9994 AT M
D (0.0383, 0.0031-0.224, —0.3365) ~0.5569, 0.8305, 0.8838+-0.0020i, 0.9645, 0.9994 Ak AN
(168.8425, 0.1017, —0.7368, —0.3416) 0, 0.89, -0.5457, 0.1857, 0.8113, 0.9994 NV T

z1(n)

z1(n)

P1

4 ARG FE P, RS A 2 (n) KT p K8
(d) (1,1,1,2,1,0)

z1(n)

z1(n)

P

(a) (1,1,1,-1,1,0); (b) (1, 1,1,-24,1,0); (¢) (1, 1,1, 1,1, 0);

Fig. 4. Bifurcation diagrams of state variable z;(n) versus p; under different initial conditions: (a) (1, 1, 1, -1, 1, 0); (b) (1, 1, 1,
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Fig. 5. Coexisting attractors and coexisting discharge sequences under different p, value: (a)-(c) p, = -0.8; (d)—(f) p; = -0.4;

(8)-(i) pr = 0.2; (j)-(1) p = 0.8.
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pa(n+1) =cps + d@% — etanh(xo(n)).
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Fig. 7. Coexisting attractors and coexisting discharge sequences under different p, value: (a)-(c) py = -0.7; (d)—(f) p, = -0.4;
(8)-(1) po = 0.2; (j)—(1) p, = 0.8.

WE k=01, p = 0.1, p, = 0.1, WA (1, 1, PRAFIE R . MR B0 O B s ) X 22 RS e A B S 1)
1,5, 1, 0), KW RESEILFEAL, LRSS & AHIE, BESE m BB, RGERM N TG REER
Ty, Yo KTFSHm W53 F KL, Wi 8(a), (b) Fizs. 7] . B 9K m=0.1,0.3,0.5, 0.8 LML 2,
A BEE m N, RS R 2, v, BIIRERE m 2k yo VT AR P BBt JE ) i — 2R SE T S50 m WAk
PRk, [ 8(c) 3l T R GERT WA 2] 45 K 4 BAE z), v WIS VAR R RGN TCIF R E
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Fig. 9. For different values of m: (a) z,-y, phase diagrams; (b), (c) discharge sequences for state variables z,, .
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Fig. 10. For different £: (a) Dependence of synchronization factor on p;; (b) dependence of phase difference on p;.
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Fig. 11. For different y,(0): (a) Dependence of synchronization factor on p;; (b) dependence of phase difference on p;.
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Fig. 12. For different ay: (a) Dependence of synchronization factor on p;; (b) dependence of phase difference on p;.
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Fig. 13. (a) Time series when p; = —5; (b) phase difference when p; = —5; (d) time series when p; = 5; (d) phase difference when
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Fig. 15. For different 3,(0): (a) Dependence of synchronization factor on p,; (b) dependence of phase difference on ps.
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Fig. 16. For different ay: (a) Dependence of synchronization factor on p,; (b) dependence of phase difference on ps.
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Fig. 17. (a) Time series when p, = —5; (b) phase difference when p, = —5; (d) time series when p, = 5; (d) phase difference when
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Abstract

Synaptic crosstalk, which occurs due to the overflow of neurotransmitters between neighboring synapses,
holds a crucial position in shaping the discharge characteristics and signal transmission within nervous systems.
In this work, two memristors are employed to simulate biological neural synapses and bidirectionally coupled
Chialvo discrete neuron and Rulkov discrete neuron. Thus, a heterogeneous discrete neural network with
memristor-synapse coupling is constructed, with the crosstalk behavior between memristor synapses in the
coupled state taken into account. The analysis demonstrates that the quantity and stability of fixed points
within this neural network greatly depend on the strength of synaptic crosstalk. Additionally, through a
thorough investigation of bifurcation diagrams, phase diagrams, Lyapunov exponents, and time sequences, we
uncover the multi-stable state property exhibited by the neural network. This characteristic manifests as the
coexistence of diverse discharge behaviors, which significantly change with the intensity of synaptic crosstalk.
Interestingly, the introduction of control parameter into state variables can lead the bias to increase, and also
the infinite stable states to occur in the neural network. Furthermore, we comprehensively study the influence
of synaptic crosstalk strength on the synchronization behavior of the neural network, with consideration of
various coupling strengths, initial conditions, and parameters. Our analysis, which is based on the phase
difference and synchronization factor of neuronal discharge sequences, reveales that the neural network
maintains phase synchronization despite the variations of the two crosstalk strengths. The insights gained from
this work provide important support for elucidating the electrophysiological mechanisms behind the processing
and transmission of biological neural information. Especially, the coexisting discharge phenomenon in the neural
network provides an electrophysiological theoretical foundation for the clinical symptoms and diagnosis of the
same neurological disease among different individuals or at different stages. And the doctors can predict the
progression and prognosis of neurological disease based on the patterns and characteristics of coexisting
discharge in patients, enabling them to adopt appropriate intervention measures and monitoring plans.
Therefore, the research on coexisting discharge in the neural system contributes to the comprehensive treatment
of nervous system disease.

Keywords: memristor, heterogeneous discrete neural network, synaptic crosstalk, coexisting discharge, phase

synchronization
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