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Context 

a. MPI+OpenMP Task-Based Programming 

b. Software Stack on Fugaku 

c. Problem Definition 
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■ Task Programming Model (TPM) 

■ Candidate towards Performance-Portable 

Applications 

■ Task Dependency Graph (TDG) 

■ Node  → set of instructions (tasks) 

■ Edges → tasks precedence constraints 

(dependencies) 
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■ Hybrid and Heterogeneous MPI+OpenMP TPM 

■ User TDG partitionning 

■ Local OpenMP subgraphs 

■ Remote dependencies → MPI communications 
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■ Hybrid and Heterogeneous MPI+OpenMP TPM 

■ User TDG partitionning 

■ Local OpenMP subgraphs 

■ Remote dependencies → MPI communications 

 

■ Lessons learned from performance analysis 

■ Highly sensitive to Supercomputer Architecture 

■ Needs fine tuning on software stack 

 What about Fugaku? 
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■ Compilers 

■ GCC 

■ LLVM 

 

■ Runtimes 

■ MPI 

■ MPICH-TOFU 

■ OpenMP 

■ GOMP 

■ LLVM-OpenMP 

■ MPC-OpenMP 

 

■ Task-based Applications 

■ Cholesky Factorization 

■ HPCG 

■ LULESH 
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What’s the impact on performances 

of each element? 
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Performance Study 

a. Single Node 

b. Multi-Nodes 
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■ Summary: 

IWAHPCE-2024 

Studied Software Stack Variations 
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■ Task Grain Analysis 

■ Problem size fixed 

■ From left to right: increase in number of tasks 

 

■ Threads Placement and Configuration 

■ 1 CMG – 12 cores 

 

■ Main Observations 

■ Slight differences between runtimes, e.g., 

■ Cholesky perform better with GOMP, but 

■ it performs worst than other on LULESH 

 

■ Overhead increases 

■ Many small tasks are ready, but cannot be 
performed immediately 
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■ 2 ≠ ways to progress communications 

■ MPI Detach 

■ MPI Progression is done by a dedicated thread scheduled periodically 

 

■ MPC-OMPT 

■ Progression engine called at each OpenMP scheduling point  

■ Opportunistic method 

■ Only works with MPC runtime 

 

IWAHPCE-2024 
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Multi-Nodes Performances 

■ Configuration 

■ 1 MPI rank per CMG (i.e. 12 

cores) 

■ 4 MPI proc. per node  

■ Up to 32 nodes 

 

■ Main Observations 

■ Communication Progression 

Engine has a significant impact for 

MPC 

■ Opportunistic way is better 

■ Results fluctuations for strong 

scalability on HPCCG 

■ Need further investigations 

 

 

 
13 



Disposition : Titre de section light 

IWAHPCE-2024 

Conclusion 3 

14 



Disposition : Titre et contenu 

■ Variation study of the software stack on Fugaku for task-based applications 

■ Compilers 

■ Runtimes 

■ Applications 

 

■ Performance analysis obtained on up to 32 Fugaku nodes 

 

■ Main conclusions 

■ Some noticeable differences between runtimes are observed 

■ Communication progression engine significantly affects performances 

■ Threads placement too 
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Conclusion 
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■ Lulesh with MPI 

■ Fails whatever the OpenMP runtime is 

■ But different kind of errors (race condition on GOMP, deadlock on LLVM) 

 Needs further investigations 
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Future Work 
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