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Introduction
This document provides supplementary information to accompany the main manuscript, includ-
ing benchmark velocity and pressure field plots, dimensional parameter tables, a pre-assembly
memory table across 3D mesh resolutions, and a wall-time table for the 3D thermo-mechanical
convection.
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Figure S1: Velocity fields in the x-direction and y-direction from the velocity subproblem derived
on the GPU (a and c) and CPU (b and d).

2



0.00 0.25 0.50 0.75 1.00
0.00

0.25

0.50

0.75

1.00

y

(a) u (GPU)

0.00 0.25 0.50 0.75 1.00
0.00

0.25

0.50

0.75

1.00
(b) u (CPU)

0.00 0.25 0.50 0.75 1.00
0.00

0.25

0.50

0.75

1.00

y

(c) v (GPU)

0.00 0.25 0.50 0.75 1.00
0.00

0.25

0.50

0.75

1.00
(d) v (CPU)

0.00 0.25 0.50 0.75 1.00
x

0.00

0.25

0.50

0.75

1.00

y

(e) p (GPU)

0.00 0.25 0.50 0.75 1.00
x

0.00

0.25

0.50

0.75

1.00
(f) p (CPU)

-0.0016

-0.0008

0.0000

0.0008

0.0016

-0.0029

-0.0013

0.0003

0.0019

0.0035

-0.2542

-0.1271

0.0000

0.1271

0.2542

Figure S2: SolCx benchmark x- and y-velocity and pressure computed on the GPU (a, c, and
e) and CPU (b, d, and f).
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Table S1: Dimensional parameters for sticky-air benchmark.

Descriptions Symbols Values

Reference viscosity η0 1018 Pa · s
Reference density ρ0 0 kg ·m−3

Characteristic length D 800 km
Thermal diffusivity κ 10−6 m2 · s−1

Gravitational acceleration g 10 m · s−2

Table S2: Dimensional parameters for subduction model.

Descriptions Symbols Values

Reference viscosity η0 3.5× 1023 Pa · s
Reference density ρ0 3230 kg ·m−3

Characteristic length D 600 km
Thermal diffusivity κ 10−6 m2 · s−1

Gravitational acceleration g 10 m · s−2

Table S3: Comparison of DOFs and pre-assembly memory requirements for different mesh
resolutions.

Mesh resolution DOFs Memory for pre-assembly (MB)

100× 15× 100 3,352,864 510.0
100× 20× 100 4,456,884 680.0
100× 25× 100 5,560,904 850.0
100× 30× 100 6,664,924 1014.0
100× 35× 100 7,768,944 1176.0
100× 40× 100 8,872,964 1336.0
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Table S4: Comparison of computational wall times for 3D thermo-mechanical convection simu-
lations across different hardware configurations (GPU, CPU) and ASPECT.

3D thermo-mechanical convection
GPU

(two-GPU, 16-core)
GPU

(single-GPU, 16-core)
CPU

(32-core)
ASPECT
(32-core)

Total wall time 169.87 s 239.99 s 2855.62 s 2438.6 s

Assemble Stokes 0.04 s 0.15 s 0.18 s 616 s

Mesh generation 0.85 s 0.74 s 2.73 s 0.15 s

Set up initial conditions 0.00 s 0.00 s 0.04 s 0.12 s

Solve Stokes 139.32 s 200.76 s 2782.39 s 1473 s

Assemble temperature 6.60 s 6.57 s 5.11 s 166 s

Solve temperature 19.35 s 28.18 s 65.56 s 66 s
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