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Noise and Variability in Memristive Synapses of Cellular Nonlinear Networks
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Abstract: A Cellular Nonlinear Network (CNN) is a spatial arrangement of locally coupled dynamical systems known as cells, inspired by biological networks. The development of hardware-based synapse implementations that are resilient and adaptive may open the way for bio-inspired neural networks in a variety of field, including 6G Networks, IoT, Edge computing etc. [1,2]. Memristors, which are devices with data storing capabilities and low power consumption, show  potential in reproducing synaptic dynamics [3,4,5]. The features of memristors, which are currently utilized as synapses, can be used to improve the performance and efficiency of Memristor-CNNs. Given the presence of noise in many circumstances, it is critical to filter data so that only essential information can get through the network [6]. However, in many circumstances, noise persists in the network, particularly at connection weights. As a result, advanced understanding and modeling of noise dynamics, its origins, and its impact on network operation is becoming increasingly important, especially for problem solving in a variety of network applications. The stochastic template concept in cellular nonlinear networks can help comprehend and model noise dynamics of M-CNNs [7]. In this study, we investigate a noisy network that performs edge detection task, where noise is introduced into the network via memristors acting as synapses. Noise inherently exists in memristive circuits while the Memristor-CNN performs its tasks, affecting their conductivity. We examine two specific scenarios: (a) device-to-device variability, where the final weights at each synapse, which are expected to have the same values, differ from one another; and (b) the presence of noise while M-CNN is operating. When the CNN is executing a task, input information is transmitted to its cells via memristive synapses. During this process, the memristance becomes a stochastic variable, due to read noise, and even when the determenistic state of the memristor is not changing. We present the results of edge detection using a noisy M-CNN for various strengths of device-to-device variability. We study the impact of noise on the M-CNN's state variable for different values of noise strength, D. Based on this example, we conclude that modeling noise at synapses is crucial for understanding system dynamics, as well as the limitations and potential benefits of noise presence.
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