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Motivation

How do MPI’s derived datatypes perform on systems ...

• ... with discrete GPUs, employing separate memory spaces for CPUs and GPUs?

• ... with Unified-Memory that provides a common address space for CPUs and GPUs?

Revisiting: MPI’s derived datatypes (DDT)

Revisiting: MPPI, C++ library for derived datatypes [SN25]

class MyClass {

private:

std::array<double, 2> x;

double y;

char a;

int n;

};

constexpr mppi::Pattern<MyClass, "x", "y", "n"> pattern;

101 103 105 107

Buffer size in bytes

10 1

100

101

102

103

104

La
te

nc
y 

in
 

s

Intra-Node

101 103 105 107

Buffer size in bytes

La
te

nc
y 

in
 

s

Inter-Node
MPPI char
OMPI char
MPPI struct(std::array)
OMPI continous
OMPI struct(std::array)
MPPI custom
OMPI custom

Derived datatypes performances on Unified Memory Systems

Experiments were done on an AMD MI300A with Cray-MPICH 8.1.33 and ROCm 6.4.1.
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MPI on Unified-Memory Systems [Wu+16]

Performance on Unified- and Separate-Memory Systems

32 1024 32768 1048576
Message size in bytes

100

101

102

103

104

105

106

Ti
m

e 
in

 
s

AMD MI300A (Unified Memory)
Cray-MPICH-8.1.33 Derived Datatype
MPPI CPU-based packing
MPPI GPU-based packing

32 1024 32768 1048576
Message size in bytes

Ti
m

e 
in

 
s

NVIDIA A30 (Non-Unified Memory)
OpenMPI-5.0.10 Derived Datatype
MPPI CPU-based packing
MPPI GPU-based packing

Conclusion

• Implemented GPU-based packing for MPPI.

• Shown impact of different memory-allocation strategies.

• Even seemingly unrelated options in software system settings can have unexpected implications.

• Exact reason for performance drop caused by GPU settings still unknown.

– Possible cause: Cray MPICH’s GPU-transfer layer (GTL) library checks all pointer given to MPI.

– Though this does not explain why performance drop scales with problem size.

Outlook

Further investigations:

• Identify reasons for performance drop with Cray MPICH in unified-memory systems.

• Analyze how performance of derived datatypes can be more portable across all system setups.

• Improve of GPU-based packing of MPPI.

• Perform more in-depth comparisons with Jenkins et al. [Jen+14] and Wu et al. [Wu+16]

• Include more derived datatype creation strategies into MPPI. I.e. Subarrays for Ghost-Cell Exchanges.
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