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[1] Ichimura, T. et al., Journal of Pressure Vessel Technology, 2014.
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+ CTNHDHPCFEEHH
T, W EERIEZT =R
— 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, in press.



GAMERA, solver for wave amplification problem

: Solving ,
preconditioning -
matrix ,

computations

of CG loop

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

Outer loop

-------- Solving preconditioning matrix

Solve preconditioning matrix roughly to reduce number of CG loops
— Use multigrid method to reduce compute cost of preconditioner
— Use single precision in preconditioner to reduce computation and communication

Parallelized using MPI, OpenMP, auto parallelization

single precision)

Solve system roughly using CG
solver (linear tetrahedral mesh,

Inner fine loop |

Use as initial solution

single precision)

Solve system roughly using CG
solver (second ordered tet. mesh,

Use for preconditioner of outer loop

———————————————————————————————————————
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Performance measurement

Problem setting

— 94,407,951 DOF with element size of 1 m

— Duplicated in x, y directions to make problems with periodical geometry
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Size-up scalability of GAMERA

STE/—FHI-YDRBERRZE —EITR7=FF, WINMEIELT
— SRR KBNIHMETZ 100R Ty T B D [T h o =B fEl Z &R
- BEREE-ERER-FEERTFEOSHROHLUIKULIEREED, RER

Tsolve TETLYS

Elapsed time for

solving 100 steps (S) 120 — [ ] [ ]

5 [  mOthers F f—

2 80

S | _[ ®Innercoarse

s | O |

< o| S ®Innerfine 40

o E|lV

=1 | mOuter

0

CPUaT# 536,864 73,728 147,456 294,912 663,552
(/—K#h) | (4,608) (9,216) (18,432) (36,864) (82,944)
B 3 | 15f8  30f  60ff 1208  270f8
CPUZ7&H-UMDDOF# 41k 41k 41k 41k 41k

FLOPS/Peak of solver (%)

14.49 14.06 13.28 11.82 12.34
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Speed-up scalability of GAMERA

120{EDOF D B REZ I 5| 0 HF 2 2 TETA

512

256

Elapsed time (s)
[EEY
= w (@)} N
a N H [00]

00

~_

—

—

X—

— T —

——

——Total
—=—Quter
Inner fine

—%—|nner coarse

CPUOT7# : 73,728 147,456 294,912
(/—k%) 1 (9,216) (18,432)  (36,864)
CPUI7H-YMDOF# | 163k 81k 41k
Elapsed time of solver (s) E 306.3 180.0 111.0
FLOPS/Peak (%) : 17.1 14.7 11.8
128
64 —

w
N

Elapsed time (s)
=
(0} (@)}

N B

——Total

—=—Computation

Communication

——Synchronization
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Effectiveness of algorithm
e GAMERAD 7 IILTYXLDINBEEEA
— RERHFEH>TEHA (82,944/—F, 270{EDOF)

() indicates the number of loops
elapsed for convergence

Elapsed time (s) 400
300
Inner coarse
: 200
® Inner fine (25391)
m Quter 100 -
O _
GAMERA  Without Without
precision precisionand method*
multigrid
Elapsed time (s) 113.2 131.8 344.4 314.4
FLOPS/Peak (%) 11.7 10.2 10.8 10.0
Mem. Throughput/Peak (%) 5.59 10.3 12.0 12.4

*Use 3x3 Block Jacobi method for preconditioning 17



Portability of GAMERA

Intel R D CPUZ{FE of-Stampede Z{F > TGAMERADR—AE ) T4 ZHREE
— BEEEAEOERWNGEBREZFESICLT BERGEENKYIRMNIZAHS

Elapsed time for

160
100 steps (s) (10212)
(10266)
120
(10191
Inner coarse 80 6817)
® Inner fine (6861) (6801) (6690)
m Outer 40
(624) (624) (625) (625)
0
i Stampede 256 nodes : K computer 256 nodes
Compute environment ! (each with dual Intel | (each with single
I Xeon E5-2680 CPUs) ' SPARC64VllIfx CPU)
Sover | GAMERA  GAMERA | GAMERA ~ GAMERA
1 (MP,MG) (DP.MG) ' (MPMG)  (DP MG)
Elapsed time (s) i 99.0 142.9 i 125.9 159.5
Ratio between : |
(MP,MG) and (DP,MG) | 144 o 127 )

18
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« WMBITFRRUOTIZLE(THMBET IILE/ER

8 12 16
20

# of stories

4

30

\I\‘\HH‘
40

Elevation (m)
20

10

Layer 1 2 3
Vp (m/s) 1,210 1,380 1,770
Vs (m/s) 150 255 490

Structures Density (kg/m?3) 1,500 1,800 1,900
Damping 0.25 (Npmax) 0.05 0.005
Strain Criteria 0.005

Interface between layer 1 & 2 Bedrock
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HEaXK

e MOVE1—4336,864/—FZ{FE-T, 7H5fE4457 (27,837s)

— 91%DFFEAVILA—IZEHLNTHEY, EEETHLSERES
FTEMNERITTETLS

Elapsed time for 30,000 steps (s)

Others
2,539.0

Others:

- Compute nonlinear constitutive
model

- Compute block diagonal matrix
- Read input boundary condition
- Write output data

Total: 41,521 s

Sustained FLOPS/peak: 12.6% (solver), 11.8% (Total)

21
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0—_

displacement of structures (m)

Magnitude of relative

0.3

Magnitude of ground
displacement (m)

a t=9.5(s)
t=9.0(s)
HEEE T |
0 . 0.7 — Time history response of ground and structures
Maximum relative 100 300
displacement of structures (m) Horizontal magnitude
of Sl at surface (cm/s) l> Ground l> Structure
motion response

« WBRLIBEVOREZRFAL-HWEIMERDDIIENTSED
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* V&V (Verification and Validation)!3!

— Methodology to ensure the reliability of simulation results

— Consists of two phases
* Verification: check if the physics model is solved correctly
 Validation: check if simulation results follow the actual phenomenon

Vad

Validation

Physical phenomenon

Physical modeling
Vv

Physics model (governing equation)

Numerical analysis
\ 4

Simulation results

- FEER (1)

Verification

[3] 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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Utilization of GIS data of buildings*

CAD data is just a set of polygons
independently located for visualization

Major Challenge:
e Conversion of CAD data to models
with element connectivity information

Objective:
 Develop a method for automatic
construction of building models

*Hideyuki O-tani et al.: Template-Based

Automatic Construction of Building CAD data (Polygons) Slab-Column Model
Models from GIS data, COMPSAFE 2014 30



Automated Model Construction

horizontal polygons
with height

polygon 1
column—\<
/polygon2\

/p0|ygon3 A E> E> V wall

[\ /
/ virtual polygoné /

CAD data Floor arrangement set Structure Model

Floor arrangement Floor with structure member




Automated Model Construction

 Two Major Challenges:
* Floor shape recognition
* Assumption of floor arrangement

Floor shape _
Assumption . column

Q Q recogr;;n =~ wall

CAD data (polygons) Floor shape Floor arrangement



Template Fitting

Floor polygons Floor arrangement
% convert %
rotate & stretch inversely rotate & stretch

3

Template frame

regularized polygons | with Floor arrangement

e

Template set

33



Results of template fitting

(1.1)

rectangle

(a.b)

L-shape

X

\— (c.d)

convex

The results of template fitting applied to about 38,000 CAD data of buildings

Threshold of d | Rectangle L shape Convex Fail
0.05 47.8% 11.3% 1.3% 39.6%
0.10 54.6% 26.7% 5.9% 12.8%

34



Results of template fitting







¥ &Y Dstochastic modeling

« BTHOETIVEIZBLT—E2ARINLTWAIEENHS
— B 3 o) —r0OWtE. BICKRETTH, EEDOHEREIXIE DL
s COEILGAEERLEEEEIZRMITELZENELLLY
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= 60| -0.0008
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S 40

Hoor -0.0004
2 |

z 20t -0.0002
2 | Lo
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B e e R
Compressive Strength [IMPa ]

Black dots: observed data by Prof. Noguchi Hirofumi,

Colored distribution: fitted bi-normal distribution
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FE 15 Y 0 stochastic simulation

e 132758 M ERTH 10,000 TILETE
— aYE1—%410,000/—F, 3h56minTEt &
— EDHERSTZEZRODBIENMTESLSIC

Structure A o Structure A Structure B

rad

Y Structure B 80 - h 100 samples 400 - 100 samples
| 1,000 samples 1,000 samples
60 - | 10,000 samples 300 - 10,000 samples
1
|
| 200 -
| ﬂ

) i /W%TA . Ny \w”/v A |,

1 0

o

Probability of occurrence (
N b
o o
=

0.005 0.025 0.045 0.065 0.085 0.028 0.032 0.036 0.04 0.044
Maximum inter-story drift angle (rad.)
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& YD stochastic simulation

» EEEVITHLT, BREIMZERDIIENTES
- MNERDBEEEZRODFGEITENERTF

|
EAy,
r " G é
d.]

=4 V '
\ R TR ™
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Mean response Maximum response Standard deviation of response
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