[bookmark: _GoBack]Syllabus for NEU 425 - Computational Models and Theory in Neuroscience
Tuesday, Thursday 2:40-4:00 Winter Term
Room

The aims of this course are to introduce modeling techniques and issues, review successful models, practic building models, and develop critical thinking about computational models and theories in neuroscience. We will study and experiment with simple models of ionic currents, single cells and small cortical networks. We will then study some models of simple animal behaviors and conclude with more complex models for mammalian cognition. Students will learn and work in MATLAB and learn how to use some popular simulation packages such as GENESIS, and will make their own model of a specific dynamic process or behavior for a course project.

Office: Giltner 326 
Office hours: by appointment

Grading:
20% class participation: preparation, questions and ideas put forth
30% (probably 3) small models assigned in class with write-ups
- tentatively due Feb 4, March 4, April 1.
40% project: (5% presentation; 10% write-up; 20% model content) due final exam week
10% presentations of selected modeling papers in April

There will be no final exam.

NB. Since class participation is an important part of this course, students are expected to attend class regularly.


Required Text: Abbott & Dayan: Theoretical Neuroscience
Required readings will be made available online



Tentative Outline


Models for neurons and membranes
-Representing electrical properties of neurons by equations
-Simple integrate-and-fire and leaky-integrate-and-fire neurons
-The Hodgkin-Huxley equations 
-Cable equation
-Extensions and abstractions of the H-H model
— including slow ionic currents
— Izhikevich ‘simple’ model, AdEx model, and related abstractions
 
Network models
- leaky-integrate-and-fire networks
- Izhikevich networks
- the GENESIS modelling framework
- Modelling in Python

Models for brain rhythms
-Gamma models: Ermentrout, Borgers-Kopell, and extensions
— network feedback models
- Alpha rhythm models
- Theta rhythm models

Models for dynamic behaviors
- leech swimming
- stomato-gastric ganglion
- cerebellum models

Models for adaptive behaviors
- leech locomotion choice
- models for forced-choice experiments
—the diffusion/accumulator model and its critics

Network models for cognition and information processing
(some selection of) 
- artificial neural networks and their critics
— perceptrons
— feed-forward networks
- models for plasticity
- introduction to visual cortex models
- introduction to models of hippocampal function 
- Eliasmith’s SPAUN 
- Dehaene & Changeux model of Baars’ global workspace
