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GENE-X Overview

GENE-X simulates turbulence in fusion devices

▪ Gyrokinetic + Electromagnetic equation, Eulerian grid, full-f, collisional
▪ Fortran 2008. MPI + OMP parallelization: 

○ Strong scaling with 93% efficiency up to 512 nodes (~20K cores), good weak scaling

Source: P. Ulbl et al. (2024) “Towards first-principles simulations of the L- to H-mode transition with the global gyrokinetic turbulence code GENE-X”, TSVV4/1 Workshop 2024.



■ SCITAS

A
C

H
 2

02
5 

- P
ar

al
le

l I
O

 u
si

ng
 A

D
IO

S
 fo

r G
E

N
E

-X

MPI Domain Decomposition 

▪ Time evolution of a 5D distribution f, dims (RZ, phi, vpar, mu, alpha)
▪ Domain: tensor product of regular grids in all dims
▪ Spatial mesh: unstructured cartesian mesh for each phi (toroidal angle)
▪ MPI decomposition in phi, vpar, mu, alpha. OpenMP in RZ, no MPI.
▪ Typical sizes: (RZ: 1e5-1e7, phi: 32, vpar: 10-100, mu: 10-100, alpha: 2)

Source: P. Ulbl et al. (2024) “Towards first-principles simulations of the L- to H-mode transition with the global gyrokinetic turbulence code GENE-X”, TSVV4/1 Workshop 2024.
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Current File I/O

▪ Spatial mesh
○ All phi planes created/read on all MPI procs
○ Writes only by MPI master to mesh.nc

▪ 5D state
○ Each MPI proc holds its own chunk of the state vector
○ Each MPI proc i writes its own chunk at time j to part_j/checkpoint_i.nc

▪ es_pot/A_par (RZ, phi)
○ Reduction to root on all phi sub-communicators. Write by MPI master

▪ 0/2D moments of 5D state
○ 0D (6 X alpha): collected across one species sub-communicator
○ 2D (RZ, phi, 8, alpha): collected across one phi-species sub-communicator
○ Reduction to MPI master on one sub-communicator and write
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Limitations of Current I/O

▪ Spatial mesh
○ Not all meshes required on all procs
○ Assigned mesh chunks can be generated/read in parallel on each MPI proc

▪ 5D state
○ Writing generates many directories and files. 
○ Restarting the simulation requires the same MPI configuration used during write.

▪ es_pot/A_par 
○ MPI reduction not necessary, parallel I/O can be used on one sub-communicator

▪ 0/2D moments of 5D state
○  MPI reduction is not necessary, parallel I/O can be used

Previous attempts with parallel netCDF failed due to unknown runtime error
To get around the current limitations, we implement parallel I/O with ADIOS library



■ SCITAS

A
C

H
 2

02
5 

- P
ar

al
le

l I
O

 u
si

ng
 A

D
IO

S
 fo

r G
E

N
E

-X

ADIOS

Adaptable Input/Output System from Exascale Computing Project (DoE, U.S.)

▪ Parallel file I/O for distributed arrays of arbitrary dimensions
○ Binary packed format (BP4, BP5)
○ HDF5 support

▪ Fortran/C/C++ bindings
▪ “BeginStep/EndStep” abstraction for time series data
▪ “Deferred Put/Get” abstraction: lazy evaluation to minimize low level ops
▪ Backends: 

○ File: POSIX I/O, stdio, fstream
○ Network: MPI, RDMA
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I/O Implementation With ADIOS
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5D State Checkpoint

▪ Data+ghosts stored in contiguous 5D arrays local to each MPI process
▪ ADIOS write implementation:

○ Determine global/local sizes and offsets based on MPI config
○ Pack data into a continuous buffer for writing
○ Write a new output file or append a new step to an existing file, no parts directories

▪ ADIOS read implementation:
○ Determine global/local sizes and offsets based on MPI config
○ Read the latest data step into a continuous buffer and unpack the data

▪ Saved checkpoint is MPI config agnostic - read with different MPI config possible
▪ Possibility to play with numAggregators, numFiles at runtime  

○ Default values: numAggregators = MPI nodes, numFiles = numAggregators
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▪ Test on EPFL Jed, infiniband partition. Read and writes on /scratch
▪ (RZ, phi, vp, mu, spec) = (270K, 36, 80, 20, 2). 3 MPI configs

○ 16 Nodes: (1, 4, 1, 2, 2)
○ 20 Nodes: (1, 2, 5, 1, 2)
○ 24 Nodes: (1, 3, 2, 2, 2) 

▪ Mean values over all nodes, for 20 runs 

Read/Write 5D State: netCDF vs ADIOS
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▪ Parallel write for moments using ADIOS, no reduction step:
○ Mom 0D: (6 X alpha), write using one species sub-communicator containing master 
○ Mom 2D: (RZ, phi, 8, alpha), write using one phi-species sub-communicator 

▪ No read implementation in netCDF or ADIOS

0D and 2D Moments
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▪ Test on EPFL Jed, infiniband partition. Writes on /scratch
▪ Test params: (RZ, phi, vp, mu, spec) = (270K, 36, 80, 20, 2). 3 MPI configs

○ 16 Nodes: (1, 4, 1, 2, 2)
○ 20 Nodes: (1, 2, 5, 1, 2)
○ 24 Nodes: (1, 3, 2, 2, 2) 

▪ Mean values over all nodes, for 20 runs 
▪ Max times over all nodes as not all nodes participate in the exchange

Write 0D/2D Moments: netCDF vs ADIOS
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▪ Current implementation:
○ Mesh built for all phi on all procs using PARALLAX (builds multigrids)
○ Only MPI master writes the mesh, multigrid info

▪ ADIOS based implementation:
○ Creating meshes for local phi doesn’t work, mesh data up to phi +2,-2 accessed.
○ Creating meshes for local + ghost phi range on each process.
○ Writing mesh only for local phi range (excluding ghosts) from a process. 
○ (RZ, phi) shaped arrays written neatly by ADIOS, e.g. R/Z buffer, magnetic field

▪ Next steps: writing unstructured, hierarchical data related to multigrid

Mesh (Work in Progress)
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▪ Tests conducted on Jed cluster, infiniband partition.
▪ (RZ, phi, vp, mu, spec) = (270K, X, 40, 16, 2). MPI config: (1, X, 1, 1, 1)
▪ X: 4, 8, 16, 24, 32
▪ ADIOS: average time across all (phi) nodes, 50 runs 
▪ NETCDF: average time on master, 50 runs  

Mesh Init Time: ADIOS vs netCDF
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▪ Tests conducted on Jed cluster, standard partition. Write to /home
▪ (RZ, phi, vp, mu, spec) = (270K, X, 40, 16, 2). MPI config: (1, X, 1, 1, 1)
▪ X: 4, 8, 16, 24, 32
▪ ADIOS: average time across all (phi) nodes, 50 runs 
▪ NETCDF: average time on master, 50 runs   

Mesh Write: netCDF vs ADIOS
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Summary

● Implemented ADIOS based I/O for spatial mesh, 5D state, 0/2D moments
● Speedup in mesh generation, mesh writing
● Slight slowdown in 5D checkpoint writing but speed up in reading
● Speedup in writing 0/2D moments
● Possible to restart simulation with a different MPI configuration
● Next steps: implementing mesh read, multigrid I/O, es_pot/A_par write
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Thank you!
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▪ Tests conducted on Jed cluster, standard partition.
▪ (RZ, phi, vp, mu, spec) = (270K, X, 40, 16, 2). MPI config: (1, X, 1, 1, 1)
▪ X: 4, 8, 16, 24, 32
▪ ADIOS: average time across all (phi) nodes, 50 runs 
▪ NETCDF: average time on master, 50 runs  

Mesh Init Time: ADIOS Speedup vs netCDF
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▪ Tests conducted on Jed cluster, standard partition.
▪ (RZ, phi, vp, mu, spec) = (270K, X, 40, 16, 2). MPI config: (1, X, 1, 1, 1)
▪ X: 4, 8, 16, 24, 32
▪ ADIOS: average time across all (phi) nodes, 50 runs 
▪ NETCDF: average time on master, 50 runs 

Mesh Init Time: ADIOS Speedup vs netCDF
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▪ Tests conducted on Jed cluster, standard partition. Write to /home
▪ (RZ, phi, vp, mu, spec) = (270K, X, 40, 16, 2). MPI config: (1, X, 1, 1, 1)
▪ X: 4, 8, 16, 24, 32
▪ ADIOS: average time across all (phi) nodes, 50 runs 
▪ NETCDF: average time on master, 50 runs   

Mesh Write: netCDF vs ADIOS
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Mesh Init Time: ADIOS vs netCDF



■ SCITAS

A
C

H
 2

02
5 

- P
ar

al
le

l I
O

 u
si

ng
 A

D
IO

S
 fo

r G
E

N
E

-X

Mesh Init Time: ADIOS vs netCDF


