g@HAIRDESC

Advanced HPC-AI R&D Support Center

% 1 0 [\ETE M F R amB(2026)
jﬁ%ﬁﬁ%ﬁﬂl@%)/ a2l —y 31

R RT

fs -

\1

2026%F6H18H (k) 13:00—14:30
T SRR SR A (RIST)
RHEAHPC - AR R E L > 4 —(HAIRDESC)
H{E | HR AP YRR
BIE B SHIRETEREHE L Y & —,
HEMERPAMERI > Y —> 7 L(PCoMS)



NN - 71 —)b

«6/18 1300-
e HIES T 2 L — / =AY E
. j(%ﬁﬁi%ih&ﬁ@ﬂiﬁ@b = (HE A REE)
« HEABEICHIT AT
HE DR EICH T DL
« KIEEHEY I 2L —Y 3 0f

« 6/25 1300-
« BREFREICH T 2 RBRIEILIZIKEETIED SR




HES = 4L — g 2



HES I 2L —3> g R

ESELY)

1

o W~ o~ Mo~
Eij@*j/f Z: 100 km

e 7U IE'Eﬁ/\ﬁq: -0.1m
. ﬁﬂ% iff%Lb\ttExE’Jﬁ%@@i@ XD KENMEIE CIIAREDEDMENDN T/
}l@*ﬁ%x_%%ﬁﬁﬁm&t%m#%ffﬂz%bp’é“%t&b\ TFETIEBERESRE

)_’l_
% E\ﬁﬁgi

 BUREOMALHTEABERRORIBENAE 2 2
%zgzygi?? HEPRQESEELIEL IR AL T
EBEETE RN A w7 B

Example code:

Example code: ;
do i=1,nx doi=1,n
do j=1,ny do j=ptr(i)+1,ptr(i+1)
(u) b(i,j)+b(i+1,j)+--. a(i)=a(i)+b( )
enddo

enddo
enddo enddo
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a) Earthquake wave propagation c) Resident evacuation

3¢ 56 .

Two million agents evacuating to nearest safe
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T. Ichimura et al., Implicit Nonlinear Wave Simulation with 1.08T DOF and 0.270T Unstructured Finite Elements to Enhance
Comprehensive Earthquake Simulation, SC15 Gordon Bell Prize Finalist
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+ 2—7 v FEEGESER): fux) =0
c egif(u(x)=1- & u(x) for 0 < x < 1 with boundary conditions u(0) = 0,u(1) = 1/2
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— CG loop
:rS-é_I\_/;n-g- --------------- ! Solve system roughly using CG solver
preconditioning T (single precision)
' matrix |

Linear tetrahedron

__________________________

Use as initial solution

Computations of

outer loop |
Second ordered :
tetrahedron Solve system roughly using CG solver
_ Outer | (single precision)
Equation to be solved dter1oop
(double precision) l
. Second ordered
Use for preconditioner of outer loop tetrahedron

« Solve preconditioning matrix roughly to reduce number of CG loops
« Use geometric multi-grid method to reduce cost of preconditioner
« Use single precision in preconditioner to reduce computation & communication

T. Ichimura et al., Implicit Nonlinear Wave Simulation with 1.08T DOF and 0.270T Unstructured Finite Elements to Enhance
Comprehensive Earthquake Simulation, SC15 Gordon Bell Prize Finalist 42



VL=l 1 Performance comparison on full K computer

« Compare with PCGE & SC14 solver

« PCGE: CG + Element-by-Element + simple preconditioner (3x3 block diagonal Jacobi preconditioner)
« SC14 : SC14 Gordon Bell Prize Finalist
« SC15: developed solver

« FLOP (arithmetic) count and elapsed time reduced

FLOP count (x1017 FLOP) Elapsed time (seconds)
8 6.9 1000 263
- 800
600
4 — N\
3.0 200 328
5 1.8
| 200 89.2
0 - 0 -
PCGE SC14 SC15 PCGE SC14 SC15

[1] T. Ichimura, et al., Physics-based urban earthquake simulation enhanced by 10.7 BInDOF x 30 K time-step unstructured FE non-linear seismic wave simulation,
SC14 Gordon Bell Prize Finalist

[2] T. Ichimura, et al., Implicit Nonlinear Wave Simulation with 1.08T DOF and 0.270T Unstructured Finite Elements to Enhance Comprehensive Earthquake
Simulation, SC15 Gordon Bell Prize Finalist 43



v IL/X—45] 1 ¢ Scalability

 Weak-scaling: 96.6% efficiency from 9,216 cores to 663,552 cores
« 18.6% of peak performance attained at full K computer (=1.97 PFLOPS)

« Strong-scaling: 76% efficiency from 9,216 cores to 294,912 cores

« Fast & scalable solver algorithm + fast Element-by-Element method

« Enables very good scalability & peak-performance & convergency & time-to-
solution on K computer

2 9216 294912 663552  # of cores
1 —- ——— —— -
. 1/2
Normalized
elapsed time 1/4 ——\Weak-scaling
1/8 —-Strong-scaling
1/16

------ ldeal speedup
1/32



Earth’s crust deformation problem

Farth's crust deformation problem

« Compute static elastic response under
faulting
« Input: fault slip distribution
e Qutput: deformation at surface

« Converged solutions of stress and
strain required for evaluating plate
boundary constitutive relations

« Resolution of O(10 m) required at plate
boundaries, leading to O(trillion) degrees-
of-freedom problem

 Fast and scalable solver with small
memory footprint required

45
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Second ordered
tetrahedron

Solving

matrix

outer loop

___________

Computations of

preconditioning r——+

Equation to be solved
(double precision)

Outer loop

W ZBfEfT@ a1 —X&

Solving preconditioning matrix

Coarsened equatlon

Solve system roughly using CG solver Py A Pr) =P
12 12 2 12 1

(single precision)

. Second ordered
Use for preconditioner of outer loop tetrahedron

-

© 03 |

Use uy— Py 1, as 83!

initial solution S o

o |

Solve system roughly using CG i
solver (single precision) |
Use u0<—PO} Uy as Linear tetrahedron S o

initial solution SRS

wn 3 1

A 4 C:)D oD :

Solve system roughly using CG 5 2
. . . oa '

solver (single precision) |

_____________________________________________________________________________________

K. Fujita et al., Fast and Scalable Low-Order Implicit Unstructured Finite-Element Solver for Earth’s Crust Deformation Problem, 46

PASC2017



VIL/N—41] 2 Size-up efficiency on K computer

« Compare performance with PCGE (CG solver with 3x3 block
diagonal preconditioner) and SC14 geometric multi-grid solver

9,216 18,432 36,864 73,728 147,456 294,912 # of compute cores

1800

1600
v,

— 1400

2
S 1200 o .

% * 94.8% scalability from
S 1000 - Floating-point
<=0 -0 -0 z==-0 -8B =5~ - : 9216 to 294912 cores

GEJSOO R LTER XX R R R R R XX arithmetic
= RS IS W S < @ ST S SN S S~ efficiency to peak

¢ 60071 22 o)l 220l 22l 2208 22 of 22 o8| Elapsed time

o O N N~ o N < < o~ — « 0 © M~ © o
- ~— O\ — O\ ~— O\ - M < - M < - N <

o)

47




VIL/X—45] 2 ¢ Speed-up efficiency on K computer

« Good speed-up efficiency when compared with previous solvers

2048
o
~ bHl2
)
=
o)
)
S
o 128
E
g o)
P
o 32
©
©

.................. (17.7%)
B
CGS ............. 364 s
~~~~~~~~ (17.5%)
272 = RN
(21.9%) 178s R 229 s (16.6%)
T O

Elapsed time

1M1s
(16.1%)

L Floating-point arithmetic
efficiency to peak

(17.6%) "

9,216

18,432

36,864

73,728 147,456

# of compute cores
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VL= 2 1 Performance for practical problem

« Apply to East Japan model with eight crust layers with full 3D crust geometry and
surface topography, and input fault slip
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Comparison of stress response

e Stress converged at plate boundaries
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b) Stress response at cross section y = 300 km
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