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· Markov chains
· Transition matrices
· Random walks
· Brownian motion
· Diffusion processes
· Poisson processes
· Point processes
· Renewal processes
· Statistical Inference
· Hypothesis testing
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Modeling Single Neurons
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Synaptic Plasticity and Learning
· Short-Term Plasticity
· Synaptic Facilitation
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· Correlation functions
· Temporal correlations
· Competitive Hebbian learning
· Winner-take-all dynamics
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· Asymmetric windows
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· Synaptic Scaling
· Global scaling mechanisms
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· Scaling factors
· Intrinsic Plasticity
· Excitability regulation
· Ion channel regulation
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· Critical dynamics
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Neural Coding
· What is a Neural Code
· Definition and significance
· Information representation
· Neural computation
· Types of neural codes
· Rate codes
· Temporal codes
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· Efficiency
· Robustness
· Flexibility
· Rate Coding
· Firing Rate as Information Carrier
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· Rate estimation methods
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· Sensory tuning
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· Direction tuning
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· Limitations of rate coding
· Temporal resolution
· Information loss
· Metabolic costs
· Temporal Coding
· Spike Timing
· Precise timing
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· Synchrony detection
· Phase-of-Firing Codes
· Oscillatory phase
· Phase precession
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· Burst Coding
· Burst detection
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· Population Coding
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· Likelihood functions
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· Maximum likelihood decoding
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Modeling Neural Networks
· Network Architectures
· Feedforward Networks
· Layered structure
· Input layers
· Hidden layers
· Output layers
· Input-output mapping
· Function approximation
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· Deep networks
· Hierarchical processing
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· Memory and dynamics
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· Temporal processing
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· Small-World Networks
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· Small-world index
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· Scale-Free Networks
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· Power-law scaling
· Hub nodes
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· Modularity measures
· Hierarchical organization
· Firing-Rate Models
· Input-Output Transfer Functions
· Linear transfer functions
· Nonlinear transfer functions
· Sigmoid functions
· Threshold functions
· Rectified linear functions
· Linear Networks
· Matrix formulation
· Eigenvalue analysis
· Stability conditions
· Nonlinear Networks
· Fixed point analysis
· Attractor dynamics
· Chaos and complexity
· Stability analysis
· Lyapunov stability
· Linear stability analysis
· Bifurcation theory
· Wilson-Cowan Model
· Excitatory-inhibitory dynamics
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· Oscillatory behavior
· Spiking Network Models
· Integrate-and-Fire Networks
· Network connectivity
· Synaptic interactions
· Collective dynamics
· Synaptic connectivity
· Random connectivity
· Structured connectivity
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· Balanced Excitation and Inhibition
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· Critical dynamics
· Network simulations
· Event-driven simulation
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· Liquid State Machines
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· Network Dynamics
· Oscillations and Rhythms
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· Fast gamma
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· Theta-gamma coupling
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· Motor beta
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· Sensory alpha
· Attention and alpha
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· Cortical slow waves
· Synchrony
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· Lag synchronization
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· Phase Locking
· Phase-locking value
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· Attractor Dynamics
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· Hopfield networks
· Line Attractors
· Head direction systems
· Eye position control
· Continuous attractors
· Ring Attractors
· Orientation tuning
· Spatial navigation
· Bump attractors
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· Chaotic attractors
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· Chaotic Dynamics
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· Lyapunov exponents
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· Computational benefits
· Information processing
· Criticality
· Self-organized criticality
· Neuronal avalanches
· Scale-free dynamics
· Critical brain hypothesis
Models of Learning and Memory
· Unsupervised Learning
· Principal Component Analysis
· Dimensionality reduction
· Variance maximization
· Eigenvalue decomposition
· Neural implementations
· Hebbian PCA
· Oja's rule
· Sanger's rule
· Independent Component Analysis
· Source separation
· Non-Gaussian sources
· Neural implementations
· Competitive Learning
· Winner-take-all networks
· Competition mechanisms
· Lateral inhibition
· Self-organizing maps
· Topographic mapping
· Neighborhood functions
· Learning schedules
· Clustering Algorithms
· K-means clustering
· Hierarchical clustering
· Neural clustering
· Supervised Learning
· Perceptron Learning Rule
· Linear separability
· Decision boundaries
· Linearly separable problems
· Convergence properties
· Perceptron convergence theorem
· Learning rate effects
· Multi-layer perceptrons
· XOR problem
· Hidden layers
· Error Backpropagation
· Gradient descent
· Error surfaces
· Local minima
· Chain rule application
· Weight update rules
· Deep learning connections
· Support Vector Machines
· Margin maximization
· Kernel methods
· Neural interpretations
· Reinforcement Learning
· The Role of Dopamine
· Reward prediction error
· Temporal difference error
· Dopamine neuron responses
· Value learning
· Policy learning
· Temporal Difference Learning
· Value functions
· State values
· Action values
· Learning algorithms
· TD(0) algorithm
· TD(λ) algorithm
· Q-learning
· Neural implementations
· Critic networks
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· Actor-Critic Models
· Policy and value separation
· Actor networks
· Critic networks
· Policy gradient methods
· Natural actor-critic
· Model-Based vs Model-Free
· Forward models
· Dyna-Q algorithm
· Planning and learning
· Modeling Memory Systems
· Hippocampus and Episodic Memory
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· Dentate gyrus function
· Sparse coding
· Pattern completion
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· Attractor dynamics
· Temporal sequence learning
· CA1 place cells
· Theta sequences
· Basal Ganglia and Procedural Memory
· Habit learning
· Striatal plasticity
· Dopamine modulation
· Action selection
· Winner-take-all dynamics
· Reinforcement learning
· Cortex and Semantic Memory
· Distributed representations
· Semantic networks
· Conceptual knowledge
· Consolidation processes
· Systems consolidation
· Memory transfer
· Working Memory Models
· Prefrontal cortex models
· Persistent activity
· Attractor networks
· Capacity limitations
· Interference effects
· Decay mechanisms
Models of Sensory and Motor Systems
· The Visual System
· Modeling the Retina
· Photoreceptors
· Rod and cone responses
· Light adaptation
· Phototransduction
· Retinal ganglion cells
· ON and OFF cells
· Center-surround organization
· Temporal dynamics
· Retinal processing
· Edge detection
· Motion detection
· Color processing
· Receptive Fields in V1
· Simple cells
· Orientation selectivity
· Spatial frequency tuning
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· Complex cells
· Position invariance
· Nonlinear summation
· Direction selectivity
· Orientation selectivity
· Orientation maps
· Pinwheel structures
· Development models
· Models of Object Recognition
· Hierarchical processing
· Feature hierarchies
· Invariant representations
· Convolutional neural networks
· Biological inspiration
· Deep learning models
· Attention mechanisms
· Spatial attention
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· The Auditory System
· Cochlear Processing
· Basilar membrane mechanics
· Hair cell transduction
· Frequency decomposition
· Sound Localization
· Interaural time differences
· Jeffress model
· Coincidence detection
· Interaural level differences
· Lateral superior olive
· Inhibitory interactions
· Spectral cues
· Head-related transfer functions
· Pinna filtering
· Speech Processing
· Temporal coding
· Envelope following
· Fine structure coding
· Phoneme recognition
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· Motor theory
· Pitch Perception
· Place theory
· Temporal theory
· Autocorrelation models
· The Somatosensory System
· Cortical Maps
· Somatotopy
· Body map organization
· Magnification factors
· Barrel cortex
· Whisker maps
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· Plasticity of sensory maps
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· Cortical reorganization
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· Touch and Texture
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· Haptic processing
· The Motor System
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· Movement planning
· Motor preparation
· Movement parameters
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· Motor learning
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· Error correction
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· Movement disorders
· Parkinson's disease models
· Huntington's disease models
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· Reflex circuits
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Models of Higher Cognitive Functions
· Decision Making
· Signal Detection Theory
· Sensitivity and bias
· d-prime measures
· Criterion setting
· ROC curves
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· Drift-Diffusion Model
· Evidence accumulation
· Drift rate
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· Multi-alternative decisions
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· Value-based decisions
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· Biased Competition Model
· Competitive interactions
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· Feature integration
· Winner-take-all dynamics
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· Attentional modulation
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· Frontoparietal networks
· Attention and consciousness
· Global workspace theory
· Integrated information theory
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· Working Memory
· Persistent Activity Models
· Prefrontal cortex
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· Attractor dynamics
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· Calcium dynamics
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· Error detection
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· The Bayesian Brain Hypothesis
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· Probabilistic inference
· Likelihood and priors
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· Predictive Coding
· Prediction errors
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· Hierarchical Bayesian models
· Multi-level inference
· Empirical Bayes
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Tools and Techniques
· Simulation Environments
· NEURON
· Single neuron modeling
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· Network simulations
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· Simulation protocols
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· Brian
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· Code generation
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· Event-driven simulation
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· Large-scale simulations
· Parallel computing
· Distributed simulation
· Network models
· Spike-based communication
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· Rate-based and spiking models
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· Plasticity rules
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· Detection algorithms
· Threshold detection
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· Classification methods
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· Clustering algorithms
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· Isolation quality
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· Current source density
· Independent component analysis
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· Phase-locking value
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· Short-time Fourier transform
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· Discrete wavelets
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· Hilbert transform
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· Dimensionality Reduction
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· Independent component analysis
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· Bayesian estimation
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