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Computational models of the physical world 

Cortical 
bone!

Trabecular 
bone!



“The unreasonable effectiveness of mathematics” 

      As the “middleware”  
    of scientific computing,  
  linear algebra has supplied 
            or enabled: 
•  Mathematical tools 
•  “Impedance match” to  

     computer operations 
•   High-level primitives 
•   High-quality software libraries 
•   Ways to extract performance 

    from computer architecture 
•   Interactive environments 
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Top 500 List (November 2014) 
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Top500  Benchmark: 
Solve a large system  
of linear equations  

by Gaussian elimination 
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Co-author graph  
from 1993  

Householder 
symposium 

Social network analysis (1993) 
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Facebook graph:  
> 1,000,000,000  vertices   

Social network analysis (2015) 



Social network analysis 

Betweenness Centrality (BC) 
CB(v): Among all the shortest 
paths, what fraction of them pass 
through the node of interest? 

Brandes’ algorithm 

A typical software stack for an 
application enabled with the 
Combinatorial BLAS 



An analogy?   
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Discrete 
structure analysis 

Graph theory 

Computers 



8 

Graph 500 List (November 2014) 

Graph500  
Benchmark: 

Breadth-first search 
in a large  

power-law graph 
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Floating-Point vs. Graphs, November 2014 
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34 Peta / 24 Tera is about  1,400 

34 Petaflops 24 Terateps 
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Nov 2014:    34 Peta / 24 Tera      ~ 1,400 
 Nov 2010:  2.5 Peta / 6.6 Giga  ~ 380,000 

 

Floating-Point vs. Graphs, November 2014 
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34 Petaflops 24 Terateps 



Parallel Computers Today 

Nvidia 
GK110 GPU: 

1.7 TFLOPS 

 

 

61-processor 
Intel Xeon Phi: 

1.0 TFLOPS 
 

§   TFLOPS = 1012 floating point ops/sec 
§   PFLOPS = 1,000,000,000,000,000 / sec  

Oak Ridge / Cray Titan 
17.6 PFLOPS 



Supercomputers 1976:  Cray-1, 133 MFLOPS  (106)  



Technology Trends: Microprocessor Capacity 

 Moore’s Law:  # transistors / chip 
doubles every 1.5 years 

 
 
 
  
Microprocessors keep getting 
smaller, denser, and more powerful. 

Gordon Moore (Intel co-founder) 
predicted in 1965 that the 

transistor density of 
semiconductor chips would 

double roughly every 18 months.  



Trends in processor clock speed 

Triton’s clockspeed is still only 2600 Mhz in 2015! 



4-core Intel Sandy Bridge  
(Triton uses an 8-core version) 

2600 Mhz clock speed 



Triton memory hierarchy: I (Chip level)  
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(AMD Opteron 8-core Magny-Cours, similar to Tritons’ Intel Sandy Bridge) 

Chip sits in socket, connected to the rest of the node . . . 



Triton memory hierarchy II (Node level)  
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Triton memory hierarchy III (System level)  
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324 nodes, message-passing communication, no shared memory 


