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CGEMDTILTY XL (b=AxDKE)

ro .= b — AXxp
Zo := M 1,
Po = 2y
k=10
repeat
T
T
Pr APy
Xg+1 = Xg + O Px
py1 =T — Oz';;Apk
it ryyq is sufficently small then exit loop end it
— =1, o
Zipy1 = M | W} HIJMIE
L -
§.. = Zp 1Tk
S ZT].'
Ltk
Pr+1 = Zg41 + OkPr
k=k+1

end repeat

G =

The result is x4

http://en.wikipedia.org/wiki/Conjugate_gradient_method
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 HPCFEZHHAEHELHLTHRE
— multi-Grid method

— Adaptive conjugate gradient method
— Multi-precision arithmetic
— Element-by-element method

— pRedictor with Adams-bashworth
method

Tsuyoshi Ichimura, Kohei Fujita, Seizo Tanaka, Muneo Hori, Maddegedara
Lalith, Yoshihisa Shizawa, and Hiroshi Kobayashi, Physics-based urban
earthquake simulation enhanced by 10.7 BInDOF x 30 K time-step unstructured
FE non-linear seismic wave simulation, SC’14, Gordon Bell Finalist.
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—————————— Solving preconditioning matrix = -------,

Use for preconditioner of outer loop

—— CG loop : !
——————————— = ! |
: Solving ! | | Solve system roughly using CG solver I
| preconditioning ! (linear tetrahedral mesh, single precision) |
I matrix : | ;
U I o .

: : : Use as initial solution l
Computation of , Inner fine loop | !
outer CG loop | solve system roughly using CG solver ;

I . . .
Outer loop | (second ordered tet. rTlesh, single precision) ;
Equation to be solved ! :
|
1

(second ordered tet. mesh, double precision)

Computer simulations create the future
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I -

1 Solving !
| preconditioning ——>
| matrix |

Computation of
outer CG loop

Outer loop

Equation to be solved
(second ordered tet. mesh, double precision)

————————— Solving preconditioning

ENREMIC2(EI1Z4D

matrix ------- 1

Solve system roughly using CG solver

Inner fine loop

y

Use as initial solution

Solve system roughly using CG solver

(second ordered tet. mesh, single precision)

v

Use for preconditioner of outer loop

(linear tetrahedral mesh, single precision) %
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82,944 compute nodes, each with single SPARC64 VIlllfx CPU, connected with Tofu
interconnect (6- -dimensional mesh/torus network)

— Peak performance of each CPU: (FMA SIMDs with vector length 2) x 2 sets x 8 cores x
2.0GHz = 128GFLOPS

— Peak performance of system: 128GFLOPS x 82,944 nodes = 10.6PFLOPS




- [T
— X, YARIZHERBZZET, BHEDOHSEEERTE
— METISTHEE S Z . ERELREOO—FN\T A5 H

VAYS'
X

Y

i
I;‘%W

WA
L
f éu"

Material properties

Element size: 1.0m

Layer 1 2

Pressure wave velocity (m/s) 700 2,100

Shear wave velocity (m/s) 100 700

—————— Density (kg/m?3) 1,500 2,100

VL y 64m Damping 0.25 (hypay) 0.05
Strain Criteria 0.007 -

Computer simulations create the future
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Elapsed time for 7
solving 1time step (s) 6 () -4XERFETIC
Inner coarse 4
i 3
[ |
Inner fine ; S
m Quter 1 ‘ (125)
0 a
Z
GAMERA Without Without mixed oG
mixed precision and P hod*
precision multigrid metno
Elapsed time (s) 1.63 1.87 6.95 5.75

*3x3NTAYHINAERT—) T H#RINBIZERLI=CGYIL/N\—

Computer simulations create the future



2F2 D FEAR TFHE
Strong scaling (&RIEDRT—ZEY)T4)
 ZHOFHE/—FEFESILT, HEABEEENTZITECBELIENTESLD
Weak scaling (KFRZEILDR7—FE )T 1)
 BHOFHE/FEFEITLET, KEGHBEZNELELIENTESLSD
MAELRWVERNHTHO TRREBBZ S RIZETEEICHD

[EIREFRAE Weak scaling
T (RBBILDRT—FE T 1)

Strong scaling
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Elapsed time for

solving 100 steps (S) 1024 -
\:::\ /deals * Total
T @i, mSol
256 >3- 9 olver
~3 .: -
64 # of CPU cores
CPUa7# | 36,864 73728 147,456 294,912
GtE/—FE) ' (4,608) (9,216)  (18,432)  (36,864)
AR/ —FHIVDOBEBRER 2612k 1306k 653k 327k
VILIN—ERDFZERFRE () i 686.5 306.3 180.0 111.0
VILIN—ERDEITIHEE (E— H%) ! | 15.4 17.1 14.7 11.8
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Elapsed time for

solving 100 steps (s) 120
_ — [ ] [ ] B4 B 7
§ ® Others I | B B N R —1) 5
=3 .| ®™Inner coarse 1]
[ o .
S o 8 ® Inner fine 40 -
o E m Quter
i 0 -
CPUa7# | 36,864 73,728 147,456 294,912 663,552
GtE/—F%) ' (4,608) (9,216) (18,432) (36,864) (82,944)
B R | 15f8  30f  60ff 1208  270f8
CPUa7 &H1=YDBEHEXK 41k 41k 41k 41k 41k
VILN—EDETHEE (E—2L%) | 1449  14.06 13.28 11.82 12.34
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Step 1: Step 2: Step 3: Step 4: Step 5:
Overlap domain with Generate high quality Merge cells in each Make transition elements Decompose cells into
structured cells elements in each cell Octree between Octrees tetrahedral elements
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« \Verification and Validation: & Sal—a  DEEMFER A EZ DA
— Verification: ¥13BETILAIEFEIZEMNNTLNS D,
Validation: S22l —La ERNERORRIZ—EHL TS,
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~ | MEERZ
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Validation MEBETIL(ZBEHER)
| BUEREAT ::| Verification
N | osal—avie

An Overview of the PTC 60/ V&V 10, Guide for Verification and Validation in Computational Solid Mechanics, ASME,
http://cstools.asme.org/csconnect/pdf/CommitteeFiles/24816.pdf
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Stochastic simulation
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Stochastic simulation
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Stochastic simulation
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Stochastic simulation
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Structure A

Structure A Structure B
StructureB &°

}?; 80 1 b 100 samples 400 1 100 samples
5 S 60 - I 1,000 samples 300 - 1,000 samples

() I
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Qo \ ‘ I
S £ 20 - A\ //\/V 100 - L
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0.005 0.025 0.045 0.065 0.085 0.028 0.032 0.036 0.04 0.044

Damage intensity (max. inter-story drift angle, rad.)
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Stochastic features of damage probability distribution
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Elapsed time for 160
100 st
steps (s) 120

Inner coarse

80 -
H Inner fine

40 -
m Quter

0 .

Stampede 256 nodes (each with dual
Intel Xeon E5-2680 CPUs)

K computer 256 nodes (each with single

Compute environment SPARC64VIlIfx CPU)

Solver GAMERA GAMERA (double precision) ' GAMERA GAMERA (double precision)
Elapsed time (s) 99.0 142.9 125.9 159.5
Ratio between GAMERA P

and GAMERA (double precision) 144 o 127 )

X SPARC64VIIfX CPUD BB E SR EDE—EE MREILFEIL, Xeon E5-2680CPUN BEEENDE — B E 4R (X {SHEED21{E

Computer simulations create the future



