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          As the world rapidly evolves, the integration of cutting-edge technologies like Artificial Intelligence (AI) and Machine Learning (ML) has become increasingly crucial in shaping the future of higher education. This essay delves into the pressing need for Nigerian state universities to adopt these transformative tools within their undergraduate curriculum, empowering students to thrive in the dynamic job market and driving innovation across various sectors.
        

    

  








  

  
    
    


    
      
        
        The MIMO data transfer line with three-frequency quaternion carrier
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          With the development of communication systems and the Internet, as well as with the growth of services created on the basis of communication networks, the need to increase the capacity of communication channels is increasing. Theoretically, it is shown that it is possible to increase the capacity of communication channels and exceed the “Shannon limit” by moving from the real space of signals on a plane to a multidimensional one with dimension M. In a multidimensional space, each signal is a multidimensional vector, and when such a signal passes through a channel, a MIMO (Many-Input – Many-Output) scheme is formed. As an alternative to existing methods for implementing a MIMO scheme in a physical space with multiple antennas at the input and output of a communication channel, a method for transmitting information using a MIMO scheme in a hypercomplex vector space with one antenna for transmission and one for reception is proposed for wireless communication systems and communication cables.
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          Prediction and identification of faults in track circuit are crucial for improving the safety and efficiency of railway transportation. However, the task of track circuit fault prediction through deep learning methods facing significant challenges due to the absence of reliable data. In this paper, a novel heterogeneous transfer learning method is proposed, aiming to reduce track circuit data reliance in model training by using publicly available datasets in other similar fields. An index describing the data distribution based on autoencoder feature extraction and maximum mean discrepancy is used to demonstrate the transferability between heterogeneous data firstly. Then a heterogeneous transfer learning method is constructed to accelerate track circuit fault prediction model training. Furthermore, the resulting deep learning model is compared to existing fault prediction methods. Finally, by adjusting the degree of involvement of transfer learning throughout model training, this paper comprehensively examines its effect on model training process. The simulation experimental results show that the proposed method can transfer useful knowledge in other similar fields for tasks in track circuit fault prediction, and the resulting model can correctly classify over 99% on the test dataset while reducing the amount of required track circuit data to 10% of the traditional training methods. The relevant methods proposed in this paper can significantly enhance the practical application value of fault prediction models based on deep learning methods in the field of intelligent maintenance of track circuit.
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          This paper proposes a stacking framework based on ensemble learning, aiming to establish a machine learning-based intrusion detection system to accurately differentiate various cyber-attack types that pose security risks to substations. The framework utilizes a combination of stacked base learners and secondary learners to generate binary feature matrices based on the probability weighting of natural or attack events and multi-class feature matrices of the probability of occurrence of all attack events. The model designed in this paper is trained using the power system attack detection dataset developed by the Oak Ridge National Laboratory at Mississippi State University. In the experimental results, the binary classification accuracy of the secondary learner reaches 97%, and the multiclass accuracy reaches 95%. This paper also discusses the importance of feature selection techniques for intrusion detection systems. Experimental results show that using RFE can maintain the model's accuracy at around 95% across different training/test set ratios of 9:1, 8:2, and 7:3.
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          This paper presents the first chip implementation of a quad-mode decoder for LDPC, Polar, Turbo, and convolutional codes. It offers 9 fully configurable parameters accommodating arbitrary parity-check matrices up to the size of 8192×16384. It supports a broad range of wireless communication standards such as LTE, Wifi, WiMAX, WiGig, ITU, 5gNR, SDA-OCT, and proprietary codes. Through a novel Row-First Collision Free compression algorithm, LDPC memory usage is dramatically reduced by 89.4%. Furthermore, hardware-sharing techniques optimize memory requirements by an additional 36.9%. Operating at 93.08MHz in LDPC mode, the chip achieves a throughput of 1.62Gb/s/iteration at 239mW, with a normalized energy efficiency of 17.95fJ/bit/check/iteration. Its flexibility far exceeds state-ofthe-art configurable and single-mode designs, positioning it as a front-runner in multi-mode decoding chips.
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          Objective: The exponential growth of digital social platforms has not only connected individuals globally but has also provided a platform for users to freely express their experiences and viewpoints on topics spanning from consumer products and services to broader societal matters such as political issues. Within this expansive digital discourse, in the recent years, one notably discussed subject has been the SARS-CoV-2 (COVID-19) vaccines. In this article, our focus is on investigating the profound impact of neural networks in the analysis of sentiments expressed by people concerning the introduction and utilization of these vaccines. Background: Sentiment analysis, a critical facet of natural language processing (NLP), is replete with intricate associations in the linguistic landscape. Within its realms, many sophisticated methodologies, such as machine learning algorithms, including neural network architectures, are employed to decipher the intricate web of semantic relationships embedded in textual data, which include, but are not limited to, social media posts. From gathering business intelligence, to market research and competitor analysis, examining sentiments has found many practical uses. In the domain of COVID-19 vaccines, sentiment analysis has provided valuable insights into vaccine hesitancy, vaccine adoption rates, and public trust in the governmental setup and in the pharmaceutical industry. Methods: A systematic literature review (meta-analysis) was carried out to quarry scientific research on neural network-based analysis of sentiments about COVID-19 vaccines. Implementing a thorough search strategy, we isolated relevant articles and methodically examined them to discern key insights that contributed to our comprehension of the utility of neural networks in analyzing public opinion regarding COVID-19 vaccines. Conclusion: Our study provides insights affirming that neural networks have shown a surpassing capacity to discern intricate patterns within vast textual datasets. Their inherent ability to capture contextual nuances in language has enabled a nuanced understanding of diverse sentiments about COVID-19 vaccines. This has helped formulate strategies to alleviate negative sentiments about the vaccines leading to higher vaccine acceptance rates and management of the pandemic.
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          Embedding a programming language in a QR code is a new and extremely promising opportunity, as it makes devices and objects smarter without necessarily requiring an Internet connection. In this paper, all the steps needed to translate a program written in a high-level programming language to its binary representation encoded in a QR code, and the opposite process that, starting from the QR code, executes it by means of a virtual machine, have been carefully detailed. The proposed programming language was named QRscript, and can be easily extended so as to integrate new features. One of the main design goals was to produce a very compact target binary code. In particular, in this work we propose a specific sub-language (a dialect) that is aimed at encoding decision trees. Besides industrial scenarios, this is useful in many other application fields. The reported example, related to the configuration of an industrial networked device, highlights the potential of the proposed technology, and permits to better understand all the translation steps.
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          In our works we prove that the cumulation (self-focusing) of charged particles in a plasma (with current) is a universal property of cumulative-dissipative structures with characteristic sizes from 10-15 to 1027 m. In this work, we theoretically (Part 1) and experimentally (Part 2) we prove that shock waves of electric fields are focusing shells for plasma cumulative-dissipative positively charged plasma 3D structures. In the 1 Part of this work, we provide detailed theoretical justifications for the possibility of the existence of (locally self-focusing by ambipolar drift) Vysikaylo’ electric field shock waves caused by ambipolar diffusion due to a violation of the electrical neutrality of the plasma (in the presence of an electric current). Due to the greater mobility of electrons (ions are more massive), a structure with a positive space charge is formed in the electric field shock waves that self-form in the plasma (with current). Unlike Mach’ shock waves, in closed Vysikaylo’ shock waves transverse electric fields are generated due to the space charge. This makes the problem (in the shock wave region of the electric field) three-dimensional (in particular, spherically symmetric in this region). In Part 1, we will limit ourselves to the study of stationary one-dimensional profiles: 1) parameters in shock waves of the electric field and 2) processes of ambipolar drift, leading to local cumulation of positive charge in the shock wave of the electric field. In Part 1, the author will limit himself to obvious remarks arising from the properties of three-dimensional structures with a positive space charge. Based on laboratory 3D experiments (Part 2) and theoretical studies of gas-discharge plasma, we prove that ambipolar drift caused by different dependences of the mobility of electrons and positive ions in a simple plasma (with one type of ions) determines the dynamic processes of cumulation of plasma structures – 4D plasmoids in plasma (with current). 4D plasma structures are non-stationary three-dimensional structures. The author draws attention to self-formation in plasma structures (plasmoids) of stationary Vysikaylo’ plasma nozzles - analogues of Laval’ nozzles. A comparison of theoretical 1D and experimental 3D observations of discharge glow (this corresponds to changes in the main parameters) in gas discharge tubes will be presented in Part 2. In these experiments, a homogeneous plasma in a gas discharge tube is locally disturbed by a beam of fast electrons. This leads to the self-formation: 1) of electric field shock waves (a layer of positive volume charge) stopped by gas pumping and 2) of transition 3D profiles and Vysikaylo’ plasma 3D nozzles already in a quasi-neutral homogeneous plasma.
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          This is a review article discussing the latest developments in beam-steering antennas at millimeter-wave frequencies for Beyond-5G and 6G networks. This article classifies all the beam-steering techniques described in the literature in four categories, namely, phased arrays, quasi-optical systems, leaky-wave antennas, and metasurfaces. An overview of the four classifications is presented with a detailed comparison outlining the state-of-the-art and limitations of different technologies.
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          Deep models have shown promising results in solving vehicle routing problems (VRPs). However, existing models are often trained on instances from specific distributions and their worst-case performance is largely underexplored, thereby hindering the understanding and improvement of their robustness. In this paper, we present a generic framework to generate hard instances for obtaining robust VRP solutions. Given a pretrained deep model, we first develop an attack method that comprises an autoregressive sampling network (ASN) and a hardness measurement network (HMN). The two networks are trained alternately by reinforcement learning, aiming to generate hard instances for the given deep model and gauge the attack effect (i.e., hardness) of the instances, respectively. Then, we propose a simple yet effective training algorithm to robustify the deep model, which is progressively replaced by the continually trained HMN. Experimental results show that the attack method significantly degrades the performance of various deep models and conventional heuristics. Moreover, the training algorithm showcases the ability to enhance the robustness of the deep model, demonstrating its promising zero-shot generalizability.
        

    

  








  

  
    
    


    
      
        
        Explainable Neuro-Memristive Systems
    


    
      
        
  
    
  


	
        
          
            Rahul Kottappuzhackal

            and 2 more

          

          April 08, 2024
        

        
      

    


    
      
        
          System level simulation of neuro-memristive circuits under variability are complex and follow a black-box neural network approach. In realistic hardware, they are often difficult to cross-check for accuracy and reproducible results. The accurate memristor model prediction becomes critical to decipher the overall the circuit function in wide range of non-ideal and practical conditions. In most neuro-memristive systems, crossbar configuration is essential for implementing multiply and accumulate calculations, that forms the primary unit for neural network implementations. Predicting the specific memristor model that best fits the crossbar simulations to make it explainable is an open challenge that is solved in this paper. As the size of the crossbar increases the cross-validation becomes an even more challenging. This paper proposes predicting the memristor device under test by automatically evaluating the I-V behavior using Random forest and Extreme Gradient Boosting algorithms. Starting with a single memristor model, the prediction approach is extended to memristor crossbarbased circuits explainable. The performance of both algorithms is analysed based on precision, recall, f1-score and support. The accuracy, macro average and weighted average of both algorithms at different operational frequencies are explored.
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          Electroencephalography (EEG) biometrics has garnered significant attention in recent years owing to its nonintrusive nature, real-time detection capabilities, concealment, and high complexity. Despite these promising attributes, the practical deployment of EEG-based identity recognition systems remains hindered by limited cross-day recognition performance. While some studies have reported cross-day recognition, they often suffer from slow recognition speeds, failing to meet the basic requirements for practical applications. To address this issue, we propose an unsupervised domain adaptation algorithm based on spatial pattern alignment for visual-evoked potential (VEP)-based identity recognition. This method employs rotational alignment of spatial patterns to correct cross-day spatial filters and utilizes forward selection to identify optimal sub-bands. By utilizing this approach, significant improvements of speed and accuracy in cross-day recognition can be achieved. We validate the proposed algorithm on three existing VEP datasets: Dataset I (25 subjects across 30 days), Dataset II (21 subjects across 5 days), and Dataset III (15 subjects across 200 days). The results demonstrate a significant superiority over the compared algorithms. Furthermore, we conduct online experiments with 15 individuals across over 1000 days, and the outcomes remain consistent. Analyzing the dataset over nearly three years in terms of temporal dimension, we observe evident template aging effect: 30 days > 200 days > 1000 days. However, the proposed method effectively mitigates template aging, resulting in minimal performance differences among the various datasets. The introduced algorithm substantially enhances speed and accuracy in cross-day recognition, paving the way for the long-term stability and practicality of online brainwave recognition systems.
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          Electric Vehicles (EVs) have already been playing a key role in reducing carbon emissions; and in the future, their importance is expected to grow even more. The number of EVs in developing countries is also increasing with time. Bangladesh, a developing country located in South Asia has witnessed a remarkable bloom in the number of Electric 3-wheelers vehicles. However, like other developing countries, Bangladesh faces great difficulties in balancing the net energy supply and demand. To address this issue of maintaining grid stability and fostering the ever-growing trend of EV adoption, this study introduces an optimization approach that regulates the total load of electric vehicles. Utilizing a heuristic method, this paper focuses on peak shaving and valley filling techniques for the specific EV charging patterns of Bangladesh. This approach incorporates three objective functions designed to amplify the difference between power generation and EV load during peak hours while reducing it during valley hours, all while considering the inclusion of weightage factors. Simulation data demonstrate that the implemented algorithm offers superior performance compared to the non-optimized system. Furthermore, we also estimated the electricity generation and EV load for the year 2030, and the result shows that the algorithm also function well with the forecasted data of electricity generation and demand.
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          This study examines the effects of macroeconomic policies on financial markets using a novel approach that combines Machine Learning (ML) techniques and causal inference. It focuses on the effect of interest rate changes made by the US Federal Reserve System (FRS) on the returns of fixed income and equity funds between January 1986 and December 2021. The analysis makes a distinction between actively and passively managed funds, hypothesizing that the latter are less susceptible to changes in interest rates. The study contrasts gradient boosting and linear regression models using the Double Machine Learning (DML) framework, which supports a variety of statistical learning techniques. Results indicate that gradient boosting is a useful tool for predicting fund returns; for example, a 1% increase in interest rates causes an actively managed fund's return to decrease by-11.97%. This understanding of the relationship between interest rates and fund performance provides opportunities for additional research and insightful, data-driven advice for fund managers and investors.
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          This paper introduces a dataset capturing brain signals generated by the recognition of 100 Malayalam words, accompanied by their English translations. The dataset encompasses recordings acquired from both vocal and sub-vocal modalities for the Malayalam vocabulary. For the English equivalents, solely vocal signals were collected. This dataset is created to help Malayalam speaking patients with neuro-degenerative diseases. This dataset not only contributes to the advancement of braincomputer interface technology but also holds promise in fostering effective communication solutions for individuals with restricted verbal abilities.
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          Optical polarizers are essential components for the selection and manipulation of light polarization states in optical systems. Over the past decade, the rapid advancement of photonic technologies and devices has led to the development of a range of novel optical polarizers, opening avenues for many breakthroughs and expanding applications across diverse fields. Particularly, two-dimensional (2D) materials, known for their atomic thin film structures and unique optical properties, have become attractive for implementing optical polarizers with high performance and new features that were not achievable before. This paper reviews recent progress in 2D-material-based optical polarizers. First, an overview of key properties of various 2D materials for realizing optical polarizers is provided. Next, the state-of-the-art optical polarizers based on 2D materials, which are categorized into spatial-light devices, fiber devices, and integrated waveguide devices, are reviewed and compared. Finally, we discuss the current challenges of this field as well as the exciting opportunities for future technological advances.
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          We observe that γ-ray radiation affects the formation of the conducting bridge in Ag/Ti/Al:HfO2/Pt devices. We suggest that the γ-ray breaks Hf-O bonds and affects the properties of metal/insulator interfaces. The radiation-induced interfacial layers promote the transition from write-once-read-many times (WORM) to reversible switching memories. The devices that undergo a higher radiation exposure exhibit a higher forming voltage that we could exploit to sense radiation; an electrical circuit to harness this phenomenon is also proposed. We also observe that the devices exhibit self-healing behavior, where the forming behavior restores once the radiation energy is released. The switching mechanism is explained and proposed to elucidate this phenomenon. This study not only provides insight into the development of memristor devices for space application but also their potential as multipurpose elements for reconfigurable circuits.
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          To estimate the electrical dynamic characteristics and control coefficients of distributed energy resources (DERs) in microgrids, we introduce an improved physics-informed neural network (PINN) for parameters estimation of microgrid devices. The novelty of our approach lies in two key advancements: First, we introduce a data transformation methodology that significantly accelerates the training process, achieving an increase in speed of up to 82.87% compared to the original PINN. Second, we establish ordinary differential equations (ODEs) frameworks that are adaptable to both inverter-based and synchronous-based DERs, thereby enhancing the generalizability of the proposed method. These advancements enhance the application of PINN in microgrids, paving the way for instructive simulation modeling. For analysis, we established typical microgrid systems using real-time digital simulation (RTDS) to generate the necessary data. This paper explores the effectiveness of PINNs across varying ODEs, showcasing the algorithm's adaptability to diverse mathematical models. Additionally, we illustrate the accuracy of PINN in parameter estimation for both synchronous and inverterbased DERs, with our enhanced approach achieving parameter deductions with less than a 5% error margin in a training session.
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