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Fig. 1. Structure of the feedback neural network.
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Table 1.  Parameters values of the neural feedback mod-

el structure.
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Table 2. Parameters values of LIF neuron model.
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VE 0 mV
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Table 3. Parameters values of synapse model.
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Fig. 2. The regulation rule of inhibitory synaptic plasticity
(STDP).
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Table 4. Parameters values of inhibitory synaptic plasti-
city.
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Fig. 3. Firing rate homeostasis with the target firing rate
equal to 5 Hz: (a) Neural membrane potential; (b) the aver-

age firing rate; (c) the strength of inhibitory synapse.
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Fig. 4. Firing rate homeostasis with the target firing rate
equal to 10 Hz: (a) Neuronal membrane potential; (b) the

average firing rate; (c) the strength of inhibitory synapse.
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Fig. 5. Firing rate homeostasis with the target firing rate
equal to 20 Hz: (a) Neuronal membrane potential; (b) the

average firing rate; (c) the strength of inhibitory synapse.
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Fig. 6. Firing rate homeostasis with the target firing rate
equal to 50 Hz: (a) Neuronal membrane potential; (b) the

average firing rate; (c) the strength of inhibitory synapse.
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Fig. 7. The simulation firing rate and target firing rate.
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Fig. 8. The robustness of neural firing rate homeostasis un-
der noise disturbances: (a) The noise signal; (b) neuronal
membrane potential; (c) the average firing rate; (d) the

strength of inhibitory synapse.
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Fig. 9. The robustness of neural firing rate homeostasis un-
der parameter perturbation: (a) The parameter perturba-
tion signal; (b) neuronal membrane potential; (c¢) the aver-

age firing rate; (d) the strength of inhibitory synapse.
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Fig. 10. The firing rate characteristics with and without in-
hibitory synaptic plasticity under parameter perturbation:
(a) The parameter perturbation signal; (b) neural mem-
brane potential; (c) the average firing rate; (d) the strength
of inhibitory synapse.
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Fig. 11. The effect of learning rate on neural firing rate
homeostasis: (a) The parameter perturbation signal; (b) the

firing rate with different learning rates.
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Abstract

Neural firing rate homeostasis, as an important feature of neural electrical activity, means that the firing
rate in brain is maintained in a relatively stable state, and fluctuates around a constant value. Extensive
experimental studies have revealed that the firing rate homeostasis is ubiquitous in brain, and provides a base
for neural information processing and maintaining normal neurological functions, so that the research on neural
firing rate homeostasis is a central problem in the field of neuroscience. Cortical neural network is a highly
complex dynamic system with a large number of input disturbance signals and parameter perturbations due to
dynamic connection. However, it remains to be further investigated how firing rate homeostasis is established in
cortical neural network, furthermore, maintains robustness to these disturbances and perturbations. The
feedback neural circuit with recurrent excitatory and inhibitory connection is a typical connective pattern in
cortical cortex, and inhibitory synaptic plasticity plays a crucial role in achieving neural firing rate homeostasis.
Here, by constructing a feedback neural network with inhibitory spike timing-dependent plasticity (STDP), we
conduct a computational research to elucidate the mechanism of neural firing rate homeostasis. The results
indicate that the neuronal firing rate can track the target firing rate accurately under the regulation of
inhibitory synaptic plasticity, thus achieve firing rate homeostasis. In the face of external disturbances and
parameter perturbations, the neuron firing rate deviates transiently from the target firing rate value, and
converges to the target firing rate value at a steady state, which demonstrates that the firing rate homeostasis
established by the inhibitory synaptic plasticity can maintain strong robustness. Furthermore, the analytical
research qualitatively explains the firing rate homeostasis mechanism underlined by inhibitory synaptic
plasticity. Finally, the simulations further demonstrate that the learning rate value and the firing rate set point
value also exert a quantitative influence on the firing rate homeostasis. Overall, these findings not only gain an
insight into the firing rate homeostasis mechanism underlined by inhibitory synaptic plasticity, but also inspire

testable hypotheses for future experimental studies.

Keywords: inhibitory synaptic plasticity, firing rate homeostasis, robustness

PACS: 87.19.1r, 87.19.lw, 87.18.Sn DOI: 10.7498 /aps.68.20182234

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61473208, 61876132) and Tianjin
Research Program of Application Foundation and Advanced Technology, China (Grant No. 15JCYBJC47700).
# Equal contribution.

1 Corresponding author. E-mail: wjsong2004@126.com

078701-11


http://dx.doi.org/10.7498/aps.68.20182234
mailto:wjsong2004@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

