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Performance Model

» The K—computer’ s roofline model based on William’ s model[1].

> Sustained performance can be predicted w.r.t. applications’
Flop/Byte ratio.

T T T T T
s | Peak Performa@
Ay 0

oS
645 S5
SV
A0
32 _
7" ( 1core wgzxsho
16 | i .
LT,/ w/o S Mm@z xscore

8 / 128 - estimated To-peak 6.25%

[1] S. Williams. Auto—tuning
Performance on Multicore Computers.
Univ. of California, 2008.

I 1
1/64 1/32 116 /8 1/4 1/2 1 2 4

Flop/Byte

Sustained Performance(GFLOPS)
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FrontISTR built on HEC—-MW

FrontId > Nonlinear analysis functions

> Hyper—elasticity/Thermal—elastic—
plastic/Visco—elastic/Creep,
Combined hardening rule

» Total/Updated Lagrangian

Finite slip contact, Friction

1> Advanced features of parallel FEM

» Hierarchical mesh refinement

> Assembly structure
> Up to O(10°) nodes

Portability
Coupler  Assemb > From MPP to PC
HEC-MW » CAE cloud

Nonlinear structural analysis functions have been deployed
on a parallel FEM basis: HEC-MW.

Local Data Structure

Node-based Partitioning
internal nodes - elements - external nodes

PE#1
PE#1 PE#0 4 5 6 12 15 6 7
O0—O O—O0—0
21 22 23 24 25
O O O © @) I I PE#0
1 11 ) O O
2 I3 14 T13 T4 s
17 18 19
160 O O O 020 O O O O
7 8 9 10 10 1 2 13
ne—eH-o=—o o5 110 12 O—0—>0
O0—0—>o0 8 9 1 12
10 9 1 12
7 8 9
6@ () O O 010 5 ‘_‘_(6 )9 T I
30—0—O0Os 8 6
o Q O O O 4 4 S
1 2 3 4 5
PE#3 PE#2 1 2 7 7 1 2 3
PE#3 PE#2
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Strong Scale with Refiner — Static linear analysis of machine part
— 2" order tetra element
- PCG (eps=10"-6)

Parallel efficiency
®4A : Measued — — ! Estirmated

100
- CPU 32min | Refinement | Elements Nodes
90 Initial 684,807 1,008,911
Once 5,478,456 7,707,758
80 A T Twice 43,827,648 60,089,084
70 Refirerrent : Twice
Parallelization Ratio : 0.899%65
60
« CPU 3min
50 |
Refrnerrent | Orce
40 Paralklization Ratio : 099922
' ; ! ; FX10@UT
500 1000 1500 2000 SPARC64 Ixfx(1.848 GHz)
Cores X 1CPU (16core)/node

FEM, Iterative Solvers and SpMV

> In FEM, continuous media is discretized and converted

to a system of linear equations.

Front

ISTR

» Matrices are sparse and usually stored in compressed
format, such as CSR.

» SpMV (sparse—matrix vector product) is a hotspot for
iterative equation solvers.

AXPY

AYPX

DOT

Breakdown of CPU

in CG operations
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160 -

140 -

b L —

100

Tuning parameters were selected
empirically for a ‘hinge’ example.

S without sector cache
with sector cache
== jdeal ine
T . without sector cache
~aimnl 7
e S =,
1 2 | 4 ! 8

Acknowledgements:
Research Organization for Information

' 772

(- y Science and Technology, RIKEN AICS
5 ATE e

5 —2.08 o e ' e ideal line
i 1.07 8 1 551
v A 3.24 === without sector cache

0- 1.01 1.93 L I ' ' with sector cache

2 4 6 8 10
number of threads 33
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Data structure for assembly structures with

parallel and hierarchical gridding A) Partitioning ( MPI ranks )
B) Hierarchical level
C) Assembly model

Assembly_2
Level_1

C)

Partitioning A)

Assembly_1
Level_1

[ _[Reine] )

Assembly_2
\. . = Level 2 C)
*ﬁ = Partitioning A)
Assembly_1 /

Level 2

| mpc |

fg;.’l'{ Assembled Structure: Piping composed of many parts

5 pipes & 32 bolts

10mm

3,003, 453 elements
5,433,029 nodes
Num. of MPC : 70,166

fixed

Piping system composed of many

parts is easily handled. ‘ Mises stress
_.)
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