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Abstract. This paper presents a novel rodent avoidance test. We have devel-
oped a specialized device and procedures that expand the possibilities for
exploration of the processes of learning and memory in a psychophysiological
experiment. The device consists of a current stimulating electrode-platform and
custom software that allows to control and record real-time experimental pro-
tocols as well as reconstructs animal movement paths. The device can be used to
carry out typical footshock-avoidance tests, such as passive, active, modified
active and pedal-press avoidance tasks. It can also be utilized in the studies of
prosocial behavior, including cooperation, competition, emotional contagion and
empathy. This novel footshock-avoidance test procedure allows flexible current-
stimulating settings. In our work, we have used slow-rising current. A test animal
can choose between the current rise and time-out intervals as a signal for action in
footshock avoidable tasks. This represents a choice between escape and avoid-
ance. This method can be used to explore individual differences in decision-
making and choice of avoidance strategies. It has been shown previously that a
behavioral act, for example, pedal-pressing is ensured by motivation-dependent
brain activity (avoidance or approach). We have created an experimental design
based on tasks of instrumental learning: pedal-pressing in an operant box results
in a reward, which is either a piece of food in a feeder (food-acquisition behavior)
or an escape-platform (footshock-avoidance behavior). Data recording and
analysis were performed using custom software, the open source Accord.NET
Framework was used for real-time object detection and tracking.
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1 Introduction

Animal models are used by researchers all over the world. Rodent passive/active
avoidance tests are the typical models not only in experimental psychology but also in
clinical psychology, psychiatry and behavioral neuroscience. Recent years have
brought rapid advances in our understanding of the brain processes involved in the
avoidance-learning, along with their clinical implications for anxiety disorders, PTSD
etc. [7, 10]. Avoidance behavior in rodents has predominantly been studied using lever-
press signaled avoidance task, which requires animals to press a tool upon presentation
of a warning signal in order to prevent or escape punishment [10]. The development of
new techniques capable of modeling multidimensional cognitive activity could be a
valuable contribution to psychophysiological studies. The system organization of
human and animal behavior, including the processes of systemogenesis, can be studied
in a variety of situations, such as learning and performing behavioral tasks,
acute/chronic stress, psychotrauma, alcohol intoxication, etc. This paper presents a
novel rodent avoidance test designed to expand the possibilities for exploration of
learning and memory processes.

2 Device

The device we developed consists of a current stimulating electrode-platform and
custom software that allows to control and record the real-time behavioral protocol,
which can be used to reconstruct trajectories of the animal’s movement. The size and
amount of the electrodes provide a stable contact with animal skin (see Fig. 1e). The
device can be used for the typical footshock-avoidance tests, including passive, active
and modified active (see Fig. 1a–c). This is achieved by combining separate sectors of
electrodes (Patent RU2675174C1, Fig. 1). The device is completed with partitions and
sound/light signals, which provide possibilities to implement a broad range of
behavioral tasks in various situations and conditions, such as learning, helplessness,
stress in the studies of anxiety, stress disorders and memory, etc.

Finally, the device can be used to study prosocial behavior in rodents, including
cooperation, competition, willingness to help a conspecific, emotional contagion and
empathy. For instance, we have used a previously established model of emotional
contagion [4, 6] in which an animal observes a conspecific experience painful elec-
troshocks. This model is illustrated in Fig. 1d.

It is known that the electrical resistance of rodent skin depends on such factors as
age, sex and weight. Indeed, experiments revealed wide differences in the skin resis-
tance of animals [5, 8]. In addition, our study showed that skin resistance in rats
decreases after 5-min of electrostimulation. Therefore, we have applied electrical cir-
cuit of the voltage-controlled current source to compensate for this change in the
operation of the device.

A user can apply automatic settings for task-dependent stimulation or control
stimulation manually, including both, AC (alternating current) and DC (direct current).
Slow-growing stimulation can be regulated by a microcontroller. Impulse noise (arti-
facts) elimination is provided by the alternating current.
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3 A Novel Avoidance Test Procedure

A novel footshock-avoidance test procedure allows flexible current-stimulating settings
with variable times of trials, currents (from 0 to 3 mA) and time between trials. In our
work we have used slow-rising current. A typical trial consists of three intervals:
(1) current rise; (2) maximum value; (3) time-out (pause between trials). In order to
avoid footshock, a test animal learns to press a pedal during either the current rise
period, or time-out period. This experimental procedure allows to explore individual
differences in decision-making and choice avoidance strategies, when an animal makes
a choice between escape and avoidance.

Figure 2 illustrates the “learned helplessness” experiment, when unavoidable high-
intensity footshock is applied to an animal.

Fig. 1. Typical footshock-avoidance tests: (a) passive, (b) active, (c) modified active,
(d) “emotional contagion” - observer (left) and pain-demonstrator (right). (e) Device controller
(left) and a photograph illustrating the stable contact between electrodes (the arrow indicates one
of the electrodes) and animal’s skin.

Fig. 2. An example of real-time protocol of footshock-avoidance behavior. Footshock is applied in all
4 sectors (A, B, C, D). Three trials are illustrated here. The rat is given a current of 0 to 1 mA, interval
settings: current rise from 0 to 5 s, followed by the maximum value from 5 to 10 s, and current stops
after 10 s (bottom, right). The next trial begins. Top right corner shows the real-time video recording.
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4 Exemplary Tasks of Instrumental Learning

4.1 Approach/Withdrawal Paradigm

The most general division of behavior is considered to be approach and withdrawal.
Studies demonstrated motivation-dependent brain activity (avoidance- or approach-
goal) during behavioral acts, such as pedal pressing [1–3, 9]. A typical model of
approach behavior is a food-acquisition task, while the typical model of withdrawal
behaviour is an avoidance task.

We have created an experimental design based on tasks of instrumental learning.
Operant box is equipped with automated feeders, escape-platform and pedal bars
located in the opposite corners of the box. Pedal-pressing results in a reward, which is
either a piece of food in a feeder (food-acquisition behavior, see Fig. 3b), or an escape-
platform (footshock-avoidance behavior, see Fig. 3a). The action of pedal-pressing is
the same in both cases, but its result is variable: escape-platform or feeder.

4.2 Behavioral Data Recording and Analysis

Data recording and analysis were performed using custom software developed by
Volkov S.V. Fig. 4 shows exemplary real-time protocol for behavioral analysis (pro-
vided by the device).

Fig. 3. (a) Instrumental footshock-avoidance behavior. (b) Instrumental food-acquisition
behavior. (c) Movement paths of a representative rat. (d) Exemplary learning curve during
appetitive bar-pressing behavior.
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The food-acquisition behavioral cycle was divided into several acts (Fig. 4 left):
pedal (bar) pressing (mechanosensor); moving to pedal corner; lowering head (pho-
tosensor) and taking food from the feeder. The moving object is identified (Fig. 4 right,
rectangle) by custom software using the open source Accord.NET Framework [11].
The signal-coordinates are recorded into PC. Animals’ movement paths are restored by
coordinates (see Fig. 3c).

The Accord.NET Framework is a .NET machine learning framework combined
with audio and image processing libraries completely written in C#. Real-time object
detection and tracking, as well as general methods for detecting and tracking. Con-
venient open source.

5 Conclusion

We have compiled and debugged a novel rodent avoidance task procedure that allows
to obtain new type of data about individual differences in decision-making and choice
of avoidance strategies. For example, experiments in active non-instrumental avoidance
test (see Fig. 1b) showed, that female rats choose to minimize the risks and avoid shock
during low-voltage current (a signal for avoidance), while male rats do it during the
pause (between trials), which allows to avoid the shock completely but with a risk of
high-voltage shock in rare occasions.

We have created an experimental design based on tasks of instrumental learning
that allows to explore motivation-dependent brain activity (avoidance or approach).
The novel rodent avoidance test that we developed expands the possibilities for
exploration of learning and memory processes.

Fig. 4. Exemplary real-time protocol for behavioral analysis (food-acquisition task). The
behavioral cycle: 1 - pedal (bar) pressing; 2 - start of the feeder motor; 3 - lowering rat head and
taking food from the feeder. Frame from the actual video recording during operant food-
acquisition behavior (right). The object is identified (rectangle), coordinates are recorded in PC.

A Novel Avoidance Test Setup: Device and Exemplary Tasks 163



Acknowledgments. This research was performed in the framework of the state assignment of
Ministry of Science and Higher Education of Russia (No. 0159-2019-0001 by Institute of Psy-
chology RAS - learning procedures; No. 0149-2019-0011 by Shirshov Institute of Oceanol-
ogy RAS - designed device).

References

1. Alexandrov, Y.I., Sams, M.: Emotion and consciousness: ends of a continuity. Cogn. Brain
Res. 25, 387–405 (2005)

2. Bulava, A.I., Grinchenko, Y.V.: Patterns of hippocampal activity during appetitive and
aversive learning. Biomed. Radioelectron. 2, 5–8 (2017)

3. Bulava, A.I., Svarnik, O.E., Alexandrov, Y.I.: Reconsolidation of the previous memory:
decreased cortical activity during acquisition of an active avoidance task as compared to an
instrumental operant food-acquisition task. In: 10th FENS Forum of Neuroscience, Abstracts
P044609, p. 3493 (2016)

4. Carrillo, M., Han, Y., Migliorati, F., Liu, M., Gazzola, V., Keysers, C.: Emotional mirror
neurons in the rat’s anterior cingulate cortex. Curr. Biol. 29(8), 1301–1312 (2019)

5. Cheng, N., Van Hoof, H., Bockx, E., Hoogmartens, M.J., et al.: The effects of electric
currents on ATP generation, protein synthesis, and membrane transport in rat skin. Clin.
Orthop. 171, 264–272 (1982)

6. Keum, S., Shin, H.-S.: Rodent models for studying empathy. Neurobiol. Learn. Mem. 135,
22–26 (2016)

7. Krypotos, A.-M., Effting, M., Kindt, M., Beckers, T.: Avoidance learning: a review of
theoretical models and recent developments. Front. Behav. Neurosci. 9, 189 (2015)

8. Muenzinger, K.F., Mize, R.H.: The sensitivity of the white rat to electric shock: threshold
and skin resistance. J. Comp. Psychol. 15(1), 139–148 (1933)

9. Shvyrkova, N.A., Shvyrkov, V.B.: Visual cortical unit activity during feeding and avoidance
behavior. Neurophysiology 7, 82–83 (1975)

10. Urcelay, G.P., Prevel, A.: Extinction of instrumental avoidance. Curr. Opin. Behav. Sci. 26,
165–171 (2019)

11. Accord.NET Framework. http://accord-framework.net/index.html. Accessed 14 May 2019

164 A. I. Bulava et al.

http://accord-framework.net/index.html

	Preface
	Organization
	Editorial Board
	Advisory Board
	Program Committee of the XXI International Conference “Neuroinformatics-2019”
	General Chair
	Co-chairs
	Program Committee

	Contents
	Invited Papers
	Deep Learning a Single Photo Voxel Model Prediction from Real and Synthetic Images
	1 Introduction
	2 Related Work
	3 Method
	3.1 Frustum Voxel Model
	3.2 Conditional Adversarial Networks
	3.3 Z-GAN Framework
	3.4 Z-GAN Model
	3.5 Synthetic Dataset Generation Technique

	4 Experiments
	4.1 Network Training
	4.2 Qualitative Evaluation
	4.3 Quantitative Evaluation

	5 Conclusions
	References

	Tensor Train Neural Networks in Retail Operations
	1 Introduction
	2 Formulation
	3 Estimation
	4 Active Operations and Context Bandits
	5 Conclusion
	References

	Semi-empirical Neural Network Based Modeling and Identification of Controlled Dynamical Systems
	1 Introduction
	2 Dynamical System as an Object of Study
	3 The Main Problems that Need to Be Solved in the Formation of a Dynamical System Model
	4 Neural Network Semi-empirical Models of Controllable Dynamical Systems
	5 Generation of Training Sets for ANN-Modeling of Dynamical Systems
	6 Algorithms for Learning ANN-Models
	7 Neural Network Semi-empirical Modeling of Aircraft Motion
	8 Conclusions
	References

	Artificial Intelligence
	Photovoltaic System Control Model on the Basis of a Modified Fuzzy Neural Net
	Abstract
	1 Introduction
	2 The PV System Control on the Basis of a MFNN
	2.1 Mathematical Modelling of a PV System
	2.2 The PV System Control Model on the Basis of a MFNN
	2.3 Simulation and Results

	3 Conclusions
	Acknowledgement
	References

	Impact of Assistive Control on Operator Behavior Under High Operational Load
	1 Introduction
	2 Problem Statement
	3 Methods
	4 Results
	5 Conclusion
	References

	Hierarchical Actor-Critic with Hindsight for Mobile Robot with Continuous State Space
	Abstract
	1 Introduction
	2 Hierarchical Actor-Critic Algorithm
	2.1 DDPG: An Actor-Critic Algorithm
	2.2 Universal Value Function Approximator
	2.3 Hindsight Experience Replay

	3 Experiment
	4 Results
	Acknowledgements
	References

	The Hybrid Intelligent Information System for Music Classification
	1 Introduction
	2 The HIIS-Based Approach for Music Classification
	3 The Implementation of the Subconsciousness Module
	4 The Implementation of the Consciousness Module
	5 The Experiments
	6 Conclusions
	References

	The Hybrid Intelligent Information System for Poems Generation
	Abstract
	1 Introduction
	2 The HIIS-Based Approach for Poems Generation
	3 The Stress Placement Module
	4 The Rhyme and Rhythm Module
	5 The Poem Synthesis Module
	6 Conclusions
	References

	Cognitive Sciences and Brain-Computer Interface, Adaptive Behavior and Evolutionary Simulation
	Is Information Density a Reliable Universal Predictor of Eye Movement Patterns in Silent Reading?
	Abstract
	1 Introduction
	2 Methods
	3 Results and Discussion
	4 Conclusion
	Acknowledgment
	References

	Bistable Perception of Ambiguous Images – Analytical Model
	1 Introduction
	2 Energy Function
	3 Hysteresis
	4 Necker Cube: Perception Bistability
	5 Necker Cube: Hysteresis of Perception
	6 Conclusions
	References

	Video-Computer Technology of Real Time Vehicle Driver Fatigue Monitoring
	Abstract
	1 Introduction
	2 Methods of Faces and Eyes Detecting in Images Investigation
	3 Experiment Results
	4 Conclusion
	References

	Consistency Across Functional Connectivity Methods and Graph Topological Properties in EEG Sensor Space
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion and Conclusions
	References

	Evolutionary Minimization of Spin Glass Energy
	Abstract
	1 Introduction
	2 Model of Evolutionary Minimization of Spin Glass Energy
	2.1 Formal Model of Spin Glass
	2.2 Model of Evolutionary Process
	2.3 Estimations of the Rate and Efficiency of Evolutionary Search
	2.4 Checking Estimations of the Rate and Efficiency of Evolutionary Search

	3 Conclusion
	Acknowledgments
	References

	Comparison of Two Models of a Transparent Competitive Economy
	Abstract
	1 Introduction
	2 Description of Models
	2.1 Basic Model
	2.2 New Model

	3 Results of Computer Simulation
	4 Conclusion
	Acknowledgments
	References

	Spectral Parameters of Heart Rate Variability as Indicators of the System Mismatch During Solving Moral Dilemmas
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results
	4 Discussion
	Acknowlegements
	References

	The Role of Brain Stem Structures in the Vegetative Reactions Based on fMRI Analysis
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results
	4 Discussion
	Acknowledgements
	References

	Ordering of Words by the Spoken Word Recognition Time
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	References

	Neurobiology and Neurobionics
	A Novel Avoidance Test Setup: Device and Exemplary Tasks
	Abstract
	1 Introduction
	2 Device
	3 A Novel Avoidance Test Procedure
	4 Exemplary Tasks of Instrumental Learning
	4.1 Approach/Withdrawal Paradigm
	4.2 Behavioral Data Recording and Analysis

	5 Conclusion
	Acknowledgments
	References

	Direction Selectivity Model Based on Lagged and Nonlagged Neurons
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	References

	Wavelet and Recurrence Analysis of EEG Patterns of Subjects with Panic Attacks
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results
	4 Conclusions
	Acknowledgments
	References

	Two Delay-Coupled Neurons with a Relay Nonlinearity
	1 Introduction
	2 Relay Model Analysis
	3 Conclusion
	References

	Brain Extracellular Matrix Impact on Neuronal Firing Reliability and Spike-Timing Jitter
	1 Introduction
	2 Mathematical Model
	2.1 Postsynaptic Neuronal Dynamics
	2.2 Synaptic Currents Modeling

	3 Neuronal Firing Without Impact of ECM
	3.1 Output ISI-Statistics in the Absence of Gaussian Noise
	3.2 Neuronal Firing in the Presence of Noise: Noise-Delayed Spiking

	4 ECM-Induced Changes of Neuronal Firing
	5 Conclusions
	References

	Contribution of the Dorsal and Ventral Visual Streams to the Control of Grasping
	Abstract
	1 Introduction
	2 The Separation of the Dorsal Visual Stream into the “Dorso-Dorsal” and “Dorso-Ventral” Sub-streams
	3 What Generally Should Be Done Before and During Grasping
	3.1 The Different Behavioral Tasks of the Subdivisions of Dorsal and Ventral Visual Streams

	4 The Dorsal Pathway. The Role of the Parietal, Motor and Premotor Areas in the Control of Grasping
	5 The Pattern of Visual Pathways Interaction for the Control of Grasping
	6 Conclusion
	Acknowledgement
	References

	Deep Learning
	The Simple Approach to Multi-label Image Classification Using Transfer Learning
	Abstract
	1 Introduction
	2 Problem Definition
	3 The Training Procedure
	4 Experiments
	5 Conclusion
	References

	Application of Deep Neural Network for the Vision System of Mobile Service Robot
	Abstract
	1 Introduction
	2 SqueezeDet and YOLO Architectures Comparison
	3 Problem Statement and Dataset Construction
	4 Experimental Research
	5 Conclusion
	Acknowledgment
	References

	Research on Convolutional Neural Network for Object Classification in Outdoor Video Surveillance System
	Abstract
	1 Introduction
	2 Related Work
	3 Training and Test Datasets
	4 Experiments
	4.1 The Network Architectures
	4.2 Results

	5 Integration into the Video Surveillance Software
	6 Conclusions
	Acknowledgement
	References

	Post-training Quantization of Deep Neural Network Weights
	Abstract
	1 Introduction
	2 The Methods
	2.1 Uniform Quantization
	2.2 Exponential Quantization
	2.3 Variable x_{0} 

	3 The Results
	3.1 Quantization of Laplace-Distribution Quantities
	3.2 Quantization of Normally Distributed Quantities
	3.3 Main Conclusions on Quantization of Random Quantities  
	3.4 Finding Zero Segment x_{0} for the VGG16 Neural Network

	4 Conclusion
	Funding
	References

	Deep-Learning Approach for McIntosh-Based Classification Of Solar Active Regions Using HMI and MDI Images
	1 Introduction
	2 Data Collection and Description
	3 Results
	4 Conclusion and Discussion
	References

	Deep Learning for ECG Segmentation
	1 Introduction
	2 Algorithm
	2.1 Preprocessing
	2.2 The Neural Network Architecture
	2.3 Postprocessing

	3 Experimental Results
	3.1 LUDB Dataset
	3.2 Comparison of the Algorithms
	3.3 Examples of the Resulting Segmentations

	4 Conclusion and Future Work
	References

	Competitive Maximization of Neuronal Activity in Convolutional Recurrent Spiking Neural Networks
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Data Encoding
	2.2 Neural Architecture
	2.3 Learning Rules

	3 Results
	3.1 Learning Curves
	3.2 Weight Visualization
	3.3 Comparison with Other Methods

	4 Conclusion
	Acknowledgements
	References

	A Method of Choosing a Pre-trained Convolutional Neural Network for Transfer Learning in Image Classification Problems
	Abstract
	1 Introduction
	2 Problem Statement
	3 Estimation of CNN’s Features Quality
	4 Experimental Results
	5 Conclusion
	References

	The Usage of Grayscale or Color Images for Facial Expression Recognition with Deep Neural Networks
	Abstract
	1 Introduction
	2 Task Formulation
	3 Dataset Preparation
	4 Classification of Emotion Categories Using Deep Convolutional Neural Networks
	5 Conclusions
	Acknowledgment
	References

	Applications of Neural Networks
	Use of Wavelet Neural Networks to Solve Inverse Problems in Spectroscopy of Multi-component Solutions
	Abstract
	1 Introduction
	2 Statement of Inverse Problem and Experimental Data
	3 Results: Feature Extraction
	4 Results: Use of Wavelet Neural Networks
	5 Conclusions
	Acknowledgement
	References

	Automated Determination of Forest-Vegetation Characteristics with the Use of a Neural Network of Deep Learning
	Abstract
	1 Introduction
	2 Problem Definition and Algorithm Description
	3 Features of the Implementation of the Proposed Approach
	4 Conclusion
	References

	Depth Mapping Method Based on Stereo Pairs
	Abstract
	1 Introduction
	2 The General Principle of the Methods for Constructing Depth Maps Using a Stereo Pair
	3 Methods of Depth Mapping
	4 Segmentation
	5 Segment Matching
	6 Discrepancy Mapping
	7 Depth Mapping
	8 Computational Experiment
	References

	Semantic Segmentation of Images Obtained by Remote Sensing of the Earth
	Abstract
	1 Introduction
	2 Semantic Segmentation as a Part of the Image Understanding Problem
	3 The Source Data Used for Analysis
	4 Comparative Efficiency Analysis of Selected Neuroarchitectures
	5 Conclusions
	Acknowledgement
	References

	Diagnostics of Water-Ethanol Solutions by Raman Spectra with Artificial Neural Networks: Methods to Improve Resilience of the Solution to Distortions of Spectra
	Abstract
	1 Introduction
	2 Problem Statement
	2.1 Data Preparation
	2.2 Description of Distortions

	3 Solving the Problem
	3.1 Data Preprocessing
	3.2 Using Neural Networks
	3.3 Method of Training with Noise Addition

	4 Results
	4.1 Simulation Alcohol Drinks Set
	4.2 Real Alcohol Drinks Set

	5 Conclusion
	References

	Metaphorical Modeling of Resistor Elements
	Abstract
	1 Introduction
	2 Equations and Assumptions
	3 Circuit to Measure the Electrical Characteristics
	4 Example
	5 Instead of Conclusion. Combinatorics
	Funding
	References

	Semi-empirical Neural Network Models of Hypersonic Vehicle 3D-Motion Represented by Index 2 DAE
	1 Introduction
	2 Semi-empirical Models for DAE Systems
	3 Simulation Results
	4 Conclusions
	References

	Style Transfer with Adaptation to the Central Objects of the Scene
	1 Introduction
	2 Method
	2.1 Non-uniform Stylization
	2.2 Automatic Central Objects Detection

	3 User Evaluation Study
	4 Conclusion
	References

	The Construction of the Approximate Solution of the Chemical Reactor Problem Using the Feedforward Multilayer Neural Network
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Calculation
	4 Conclusion
	Acknowledgment
	References

	Linear Prediction Algorithms for Lossless Audio Data Compression
	Abstract
	1 Introduction
	2 Setting the Problem
	2.1 Linear Predictive Coding (LPC)
	2.2 Fixed Linear Predictive Coding (FLPC)
	2.3 Wise-LPC
	2.4 Coding of the Remainder

	3 Results
	3.1 Window Width w
	3.2 Comparing LPC, FLPC and Wise-LPC Algorithms in Signal Compression

	4 Conclusions
	Acknowledgements
	References

	Neural Network Theory, Concepts and Architectures
	Approach to Forecasting Behaviour of Dynamic System Beyond Borders of Education
	Abstract
	1 Introduction
	2 Methods of Prediction of a System Behavior
	2.1 Example 1. Vibration Gyroscope
	2.2 Example 2. Synchronous Motor Base

	3 Conclusions
	References

	Towards Automatic Manipulation of Arbitrary Structures in Connectivist Paradigm with Tensor Product Variable Binding
	Abstract
	1 Introduction
	2 Task Description
	3 Theoretical Method of Building Shift Matrix
	4 Proposed Neural Architecture
	5 Conclusion
	References

	Astrocytes Organize Associative Memory
	Abstract
	1 Introduction
	2 Model and Architecture of Neuron-Astrocyte Network
	3 Results
	4 Conclusions
	Acknowledgments
	References

	Team of Neural Networks to Detect the Type of Ignition
	1 Introduction
	2 Simulation of Fire
	3 Architecture of Detecting Fire Type System
	4 Evaluation of Ignition Source Recognition Results
	5 Conclusion
	References

	Chaotic Spiking Neural Network Connectivity Configuration Leading to Memory Mechanism Formation
	Abstract
	1 Introduction
	2 Model of Neuron and Synaptic Plasticity
	3 External Signal and Memory Ability Tests
	4 Network Connectivity
	5 Genetic Algorithm Finding Network with the Best Memory
	6 Results
	7 Conclusion
	Acknowledgements
	References

	The Large-Scale Symmetry Learning Applying Pavlov Principle
	Abstract
	1 Introduction
	1.1 History of Symmetry Detection Task
	1.2 Pavlov Principle and Biologically Plausibly Learning Algorithms

	2 The Model
	2.1 Our Formulation of Symmetry Problem
	2.2 Learning Procedure and Experiments

	3 Conclusion
	Acknowledgements
	References

	Bimodal Coalitions and Neural Networks
	Abstract
	1 Introduction
	2 Bimodal Coalition Problem
	3 Homogeneous Groups of Agents
	4 Conclusions
	Acknowledgement
	References

	Building Neural Network Synapses Based on Binary Memristors
	Abstract
	1 Introduction
	2 Adjustable Multilevel Memory Cell Based on Binary Memristors
	3 Specifying an Array of Weights
	4 The Weight Array Binary Digits Calculation
	5 A Neuron Example with Synapses Based on Binary Memristors
	6 Conclusion
	References

	Author Index

