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Domain of interest 

Users are scientists – not programmers 
 
Written and maintained by a small group of people 
 
Changes often 
 
We don’t think of  

•  Large community codes 
•  Codes where the programmer is not the scientist 
•  Code that will run millions of times 
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Prototyping tomorrow 

Now 
•  Tflops => Pflops 

2020 
•  Tflops => Pflops => Eflops 
or 
•  Pflops => Eflops 
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Observations 

Prototyping is a fundamental requirement 
 
Prototyping works on small datasets 

•  1,000 x smaller typically 
•  1,000,000 – is less realistic 

We need a new approach for prototyping for Exascale 



Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Requirements for Exascale Prototyping 

 Prototype must be high productivity 
Like Matlab 
 

Must run on Petascale machines 
 
Must have a speed in the same order as a naïve C++ 

implementation 
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Bohrium 

Build around a flexible n-dimentional tensor data-structure 
 
Designed to support all NumPy operations 
 
Supported languages (for now): 

•  Python/Numpy 
•  C/C++ 
•  .Net (C#, F#, …) 

 
Supported hardware: 

•  Multicores 
•  GPGPUs 
•  Clusters/MPP 
•  (FPGAs) 



Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Implementation 

Bohrium is a Just-In-Time compiler 
 
Batches all nd-array operations until a flush is required 
 
Then analyzes the batched operations and compiles target-

specific code  
•  If it does not already exist 
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Speedup 32.9 
Scalability: 25.5 
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Conclusions 

We believe that we need a new tool for prototyping in the 
Exascale age 

 
Bohrium is one possible solution to that challenge 
 
Using highly descriptive code we can extract parallelism and 

memory access patterns from the user code 
 
Performance is actually very close to that of naïve C++ 
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