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Personalized Medicine from 
Medical Imaging and 

Advanced Computation 
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The Vision… 
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Medicine and Biomechanics 
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Stroke 



Osteoporosis — Micro-mechanics 



Osteoporosis — Clinical: 
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Stroke and Heterogeneity 
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Our Solution 
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Overall Strategy 

  Detailed solution on supercomputer 
  Parametric studies, understand biomechanics 
  Apply to clinical cases 
  Port to multi-core 
  Simplify for 10-minute performance 
  Clinical validation 
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The Parlab Health-App Team 
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  Athena: Parallel FE 
  ParMetis 

  Parallel Mesh Partitioner 
(Univerisity of Minnesota)  

  Prometheus 
  Multigrid Solver 

  FEAP 
  Serial general purpose FE 

application (University of California) 

  PETSc 
  Parallel numerical libraries 

(Argonne National Labs) 
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Athena — SOLIDS 
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Chombo — FLUIDS 

Provides a set of tools for implemen1ng finite difference methods for the solu1on of 
par1al differen1al equa1ons on block‐structured adap1vely refined rectangular grids 
for fluid simula1on 

Structured Grid 

Geometric 
Decomposition 

Master/Worker 
Task Queue 

Message Passing 
… 

Computa1onal PaAern 

Algorithm PaAern 

Implementa1on PaAern 

Execu1on PaAern 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Pattern for coupling solid/fluid models 

16 
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Applicable Motifs 
Unstructured Grids 

Mesh Generation (Delaunay) 

Graph Traversal  
Graph coarsening 

Graphical Models (Machine Learning) 
  Run different drug/treat scenarios 
  Incorporate other databases  

Graph Partitioning 

Sparse Matrix 
Eigenvalue, Linear solve SpMV 


