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Questions for MSM PI’s

PI Name: David Cai
PI Project Title:  Cortical Processing across Multiple Time- and Space-Scales
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

· Development of efficient algorithm for large-scale computational model of  primary visual cortex (V1);

· Modeling of spatiotemporal V1 dynamics associated with the line-motion illusion and studies of possible network mechanisms, in model cortex, underlying many phenomena related to physiological experiments. 

· Development of fast numerical algorithms for solving kinetic equations of neuronal network dynamics.

· Further development of mathematical theory in our kinetic approach.
We are actively developing a new mathematical theory of characterizing network activities. The new approach will address deficiencies of many current methods for analyzing network dynamics. We are also developing more realistic neuronal models to be incorporated into network simulation and modeling of cortical activity.

2. What challenges did you experience?

Ever increasing demands for computational resources for ever increasing large-scale computational work. 

3. What unexpected outcomes did you encounter?

Most of our year 1 results are unexpected in terms of scientific and mathematical understanding, although they were studied methodologically largely using our proposed methods.

4. What are the major advances that have occurred in your field this year?

In the field of the V1 computational modeling, the research results of our group are rather surprising in that we can capture so many physiological phenomena in a single network model of a parsimonious construction. It is, probably for the first time, that one computational model operating in a single dynamical regime can rationalize diverse physiological phenomena.
5. How successful were your proposed tools, and did you adopt new tools?

Our scientific achievements in year 1 were based on proposed methods and their direct extensions. We are now developing new mathematical tools to address even broader questions than originally proposed.

6. Please share your individual experiences of collaborating with the broader community.

The most efficient collaboration occurs when people can discuss in person, and the next efficient one is to use network based meeting software with handwriting inking capability to communicate in real time. To make remote collaboration successful, one should organize everything into an electronic, paperless research environment.
7. Please highlight your plans for year 2.

We plan to finish with the first stage development of a new mathematical tool of characterizing network activities and to benchmark its utility in addressing deficiencies of many current methods for analyzing network dynamics. We plan to develop fast algorithms for incorporating more realistic neuronal models into network simulation and modeling of cortical activity.
8. What is your primary MSM Working Group?

Working group 5.

9. Please comment on your MSM Working Group(s), and what needs to be improved?

We are rather happy with the current activity level.
10. How do you foresee logical linking of models with others in the MSM?

Our research is probably unique in the sense that our group mainly deals with the neuronal network modeling of cortical activity. So it would take a significant amount of research over years to incorporate our models with other more biophysical based models in the MSM. However, it is foreseeable that our models can be extended further to incorporate even more physiological scales and details.
11. Are you writing grants?

Yes, I am writing grants to support the further incorporation of many other physiological scales and the development of new mathematical and computational tools for modeling of other parts of the brain, in addition to V1.
12. Are you finding new collaborations?

Yes.

