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1. List 10 top challenges that you see in the next 5-10 years that LBC’s present to your discipline.

1. There are challenges for models, for maps, and for their combination.
2. What new kind of abstraction, analogous to the cartoon or ribbon representation, can we find for maps? (Beyond multiresolution surfaces.) 
Can we abstract out the machine nature of a complex to aid visual understanding?

How do we capture and represent saliency?

3. For fitting or docking: 
How do we capture and represent uncertainty in a data structure, and work with it algorithmically?

How do we fit or dock existing representations (multiresolution surfaces with atomic models).

What is the right schematic/abstraction for fitting or docking?  

3b. What are the degrees of freedom for fitting/docking?  When are rigid motions sufficient?  How much flexibility must be considered?  What is the mathematical specification of the fitting/docking problem?  What is the criterion for success? (Define a correlation score?)

4. Algorithms and data structures exploiting symmetry, and knowing when to break it. 

Finding symmetry from the data, working with it in a user interface, or in data structure representation

5. Feature and segmentation analysis for multimodal 2d, 3d and 4d imaging: combine cryoEM, tomographic EM, fluorescence imaging, …

6. Techniques for exploratory visualization of larger and larger maps.

Challenges: intricate topology and geometry, navigation

Solutions: compression, view-based representation, topological exploration

Are there cryoEM simulations that can be used to compare maps? 

7. Coordinated support of models and maps – geometry and images. 

8. Visualizing and analyzing time-dependent phenomena:  animation is one approach

9. Bridging the scale to cellular environments. 

10. Data structures that support not only visual exploration, but also query and analysis

2. List 5 roadblocks to achieving success in these challenges

1. Interdisciplinary communication:

Finding technical information from another domain:  

e.g. Nelson wanted to represent domains as ellipsoids, but could not find domains identified in the PDB. 

Furthermore, the problem is not only finding the data, but also finding what the important problems are.  (String matching vs. multiple sequence alignment, for example.)
2. Publishing work that supports users, since such work is primarily service and is always criticized for lack of novelty.
3. Interdisciplinary training and education

4. Lack mechanisms to support the effort to establish and maintain repositories 

of software – especially for community software 
of data – the PDB has informed and served as a testbed for a lot of algorithmic research; the EMD will help.  (Data should have methods that go with them for conversion, and descriptive annotations.) 
3. List ideas for overcoming these roadblocks

a. Scientific

We need a validation mechanism for models or interpretations of density that can be related back to experimental measurements. 

We need assistance in defining salient features – progressing from operational and visual definitions to mathematical definitions…

What key problem could be posed as competitions, along the lines of CASP or CAPRI

b. Technical

c. Social

Establishing a community that allows for algorithmicists, developers, and users to work together, share data and software, and all be able to obtain tenure and promotion.  

Workshops such as this one; conferences, journals

d. Funding mechanisms

Grants that support targeted software development and maintenance for this community. 

Could there be a lightweight funding mechanism to initiate interdisciplinary research collaborations around a specific problem or special challenge.  Or for students to obtain interdisciplinary education and attend conferences.  (EMBO has this, for example.)
Funding for a virtual center that can promote interdisciplinary community formation and interdisciplinary research and education activities! 

