
Stencil code generation 
from Latex 

1
0

 A
p

ri
l 2

0
1

5
 

Sé
b

as
ti

en
 V

al
at

 

1 



Plan 

 

• Problem description 

 

• Approach to the problem 

 

• Concepts 

 

• Example : Lattice Boltzmann Method (LBM) 

 

• Conclusion 
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THE PROBLEM 
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The problem 

• Numerical simulation : two languages 

• Math 

• Code 

 

• More complex architectures and codes 

 

• Optimization => collaboration 

 

• I focus on “trivial case” : cartesian meshes (stencils) 

 

• I consider a PhD. student developing a new numerical scheme 
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Decisions for performance 

• Fine grain AND global optimizations ! 

 

• Data layout 

• Arrays of struct / struct of arrays 

• Cells ordering (row/col – major) 

 

• Ways to run over the mesh (loops) 

 

• Dependencies / communications 
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Fixed decisions 

• Decisions are made at development beginning 

 

• Not necessary correct 

 

• They can change over time 

 

• On manual codes => fastidious to change 

 

• The main issue : loop adaptations and data access 
representation 
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Coordinates nightmare 

• Ghost cells coordinates 

 

 

 

 

 

 

 

• Cache aware loops 

 

• Face and vertex IDs 
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[1 : H-1 , W-2 : 1 ] 
Rec. de MPI_Rank+Mw 
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APPROACH 
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Use libraries 

 

• Easier to write code 

 

• Hide mesh management complexity 

 

• Example : 

 

• Limitations : 

• Abstraction can afraid the user 

• Maintain a separation between paper equations and the code 

• Maintain deeper details depending on the code implementation 
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DSL / MDA 

• MDA : Model Driven Architecture 

 

• Use multiple abstract levels 

 

• Goes from abstract to concrete representation (UML to code) 

 

• DSL : Domain Specific Language 

 

• Examples : pochoir, patus, qiral,… 

 

• I retain a language based on Latex 
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Code generation 

DSL 

Report 
Parallel 

code 
runtime 1 

Parallel  
code 

runtime 2 
Seq. code 
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Idealy 



Declaration & optimization 

• The user declare what he want to compute 

 

• The user declare elsewhere how to optimize source code 

• Data layout 

• Loops 

 

• The user select kind of parallelism at runtime 

 

• Manual tuning VS auto-tunings 

 

• Now the user can experiment easily to understand the 
performance properties of his scheme 
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CONCEPT 
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A scheme, for computer scientist 

• Variables attached to each cells 

 

• Some constants 

 

• Derivate values from cells variables 

 

• Operations to apply to each cells (DSL, ways to run over the 
mesh, no loops) 

 

• Loop of steps to repeat on each mesh areas 
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Generated code = unreadable code 
? 
• If we do not want to afraid users 

he must understand the generated code ! 

 

• No obfuscated code. 

 

• As possible 1 to 1 matching between DSL and code 

 

• Help to understand the DSL abstraction 

 

• Possibility to inject manual C code 
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DETAILED EXAMPLE : LBM 
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Mesh variables 
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Definitions 
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Steps 
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Mixing C & Latex code 
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Loop & output 
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Parallelism implementation 
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Use and run 

• Code generation and usage 

 

 

 

• Configuration file 
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cmr-generate lbm.cmr.xml 
make 
./lbm-release –c config.ini 

[app] 
runner                         = CMRRunnerOMPForRect 
 
[debug] 
mpi_domains                    = false 
 
[mesh] 
noout                          = false 
output_file                    = output.raw 
width                          = 800 
height                         = 100 
iterations                     = 10000 

CMRRunnerSeq 
CMRRunnerOMPLoops 

CMRRunnerOMPForRect 
CMRRunnerOMPTask 



Performance 

Version Language Sequential (s) OpenMP (s) 

LBM-c-mihps C 22,24 8,48 

LBM-CMR (manual) C++ 21,26 8,30 

LBM-CMR (generated) C++ 25,22 12,37 
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CONCLUSION 
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Conclusion 

• It is possible to generate codes from Latex 

 

• We can reach performance similar to manual code 

 

• Its easier to explore solutions 

 

• Help developer to understand the performance properties of 
the scheme 

 

• Produce clear definition (report) of the scheme 

 

• Still need work to get a fully usable prototype 
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BAKCUP 
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Parallelism implementation 
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Abstract representation of derivate 
variabes 
• Depending on compute cost, derivate variables can be 

instantiate 

• As a function called for each use 

• Cached values for the current cell 

• As a new cell variable stored inside mesh 

• As cell variable stored for partial mesh areas (cache blocking) 

• Decision take at generation time 
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