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Key-Issues for Appl’s/Algorithms

towards Post-Peta & Exa Computing
Jack Dongarra (ORNL/U. Tennessee) at ISC 2013

Heterogeneous/Hybrid Architecture

Communication/Synchronization Reducing
Algorithms

Mixed Precision Computation
Auto-Tuning/Self-Adapting
Fault Resilient Algorithms
Reproducibility of Results
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T2K-Todai (201443 BB 1%)
(Hitachi HA8000-tc/RS425 )

Oakleaf-FX

(Fujitsu PRIMEHPC FX10)

Total Peak performance :1.13 PFLOPS
Total number of nodes  : 4800
Total memory : 150 TB

Peak performance / node : 236.5 GFLOPS
Main memory per node :32 GB

Disk capacity :1.1PB+21PB
SPARC64 Ixfx 1.84GHz

Total Peak performance : 140 TFLOPS
Total number of nodes  : 952

Total memory : 32000 GB
Peak performance / node : 147.2 GFLOPS
Main memory per node : 32 GB, 128 GB
Disk capacity :1PB

AMD Quad Core Opteron 2.3GHz

FREATITL—R

Yayoi

(Hitachi SR16000/M1)

Total Peak performance
Total number of nodes
Total memory

Peak performance / node
Main memory per node
Disk capacity

IBM POWER 7 3.83GHz

: 54.9 TFLOPS

: 96

: 11200 GB

: 980.48 GFLOPS
: 200 GB

: 556 TB

“Oakbridge-fx” with 576
nodes installed in April
2014 (separated) (136TF)

Total Users > 2,000
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National Supercomputing

Center in Tianjin, China

Oak Ridge National
Laboratory, USA

Lawrence Livermore

National Laboratory, USA

RIKEN AICS, Japan

Argonne National
Laboratory, USA
Swiss National
Supercomputing Ctr.
(CSCS), Switzerland

TACC, USA

Forschungszentrum
Juelich (FZJ), Germany

DOE/NNSA/LLNL, USA

U.S. government, USA

ITC/U. Tokyo
Japan

Tianhe-2A Intel Xeon E5-2692, TH 3120000 33863
Express-2, IXeon Phi2013 NUDT (=33.9 PF)
Titan

Cray XK7/NVIDIA K20x, 2012 Cray 200040 17590

Sequoia
BlueGene/Q, 2011 IBM

K computer, SPARC64 VIiifx ,

1572864 17173

705024 10510

2011 Fuijitsu

Mira

BlueGene/Q, 2012 IBM 786432 8586
Piz Daint

Cray XC30, Xeon E5-2670 8C, 115984 6271
NVIDIA K20x, 2013 Cray

Stampede

Xeon E5-2680/Xeon Phi, 2012 Dell 402402 5168
JUQUEEN

BlueGene/Q, 2012 IBM 458752 5009
Vulcan

BlueGene/Q, 2012 IBM 393216 4293
- Cray XC30, Xeon E5-2697 2014 e e
Cray

Oakleaf-FX 26800 Lons

SPARC64 [Xfx, 2012 Fujitsu

Riax: ENTERE (TFLOPS)
b http://mwww.top500.org/
Roeax: E—2 1 BE(TFLOPS), Power: KW

54902

27113

20133

11280

10066

7789

8520

5872

5033

4881

1135

17808

8209

7890

12660

3945

2325

4510

2301

1972

1177
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H|taCh| SRllOOO/JZ based on |BM Power_7
18.8TFLOPS, 16.4TB | 54.9 TFLOPS, 11.2 TB
NS %}:Eugﬁg—cgﬁjjtﬁljﬂg ‘ Our Last SMP, MPPAFE{THR—F

| | | |
m Hitachi HA8000 (T2K)
140TFLOPS, 31.3TB

MPIIZ LB FIE, ABUILELABEIZRL

ﬁ Fujitsu PRIMEHPC FX10

Hitachi SR16000/M1

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~DE&x[E £, Flat MPITEHELVERE

Post T2K

O(101-102)PFLOPS

A

Peta Exa




Post T2K System

20-30 PFLOPS, FY.

2015

Many-core based (e.g. (only) Intel MIC/Xeon Phi)
Joint Center for Advanced High Performance

L EIHPCE B2 i s%, JCAHPC,

Computing (8% 5t iifi 3

http://jcahpc.|p/)
- FHRKXFEHERF
Programming is stil

=

Rt od— RRKFIEHRERE L F—
difficult,

although Intel compiler works.

— (MPI1 + OpenMP)

— Tuning for performance (e.qg.
prefetching) is essential

— Some framework for
needed

helping users
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User’s Program

|| L L L L
ppOpen-APPL FEM FDM =YY BEM DEM
ppOpen-MATH \Y[€] GRAPH VIS MP

ppOpen-AT STATIC DYNAMIC

pPpOpen-HPC

|

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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Finite Element Method Finite Difference Method Finite Volume Method
FEM FDM

BREREK &5 ZFRiE

Boundary Element Method Discrete Element Method
BEM DEM
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FRR4F11BIZRIVFAT IS RAZMAITIZET
IL—T D EIFELT=ppOpen-APPL, ppOpen-AT,
ppOpen-MATH®D -1 EE% 22 (Ver.0.1.0)

— http://ppopenhpc.cc.u-tokyo.ac.jp/

— 25511 A 1ZVer.0.2.02

IRE IS HEEEDFREL, HEE1EN, ppOpen-APPL
IZ&kBT77)r—a kFEEEDIZ, Intel Xeon/Phi
FAZ—OAT7MAIFT/N—D 3 FFHFER



http://ppopenhpc.cc.u-tokyo.ac.jp/

User’s Program

FEM FDM FVM BEM
' MG | GRAPH = VIS | MP

pPpOpen-HPC

|

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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PpOpen-APPL

« A set of libraries corresponding to each of the five
methods noted above (FEM, FDM, FVM, BEM,
DEM), providing:

— 1/O
« netCDF-based Interface
— Domain-to-Domain Communications

— Optimized Linear Solvers (Preconditioned lterative
Solvers)
« Optimized for each discretization method

— H-Matrix Solvers in ppOpen-APPL/BEM
— Matrix Assembling
— AMR and Dynamic Load Balancing

* Most of components are extracted from existing
codes developed by members



FEM Code on ppOpen-HPC

Optimization/parallelization could be hidden from

application developers

Program My pFEM
use ppOpenFEM util
use ppOpenFEM solver

call ppOpenFEM init
call ppOpenFEM cntl
call ppOpenFEM mesh
call ppOpenFEM mat init

do
call Users FEM mat ass
call Users FEM mat bc
call ppOpenFEM solve
call ppOPenFEM vis
Time= Time + DT

enddo

call ppOpenFEM finalize
stop
end



Target Applications

Our goal is not development of applications, but we need
some target appl. for evaluation of ppOpen-HPC.

ppOpen-APPL/FEM

— Incompressible Navier-Stokes
— Heat Transfer, Solid Mechanics (Static, Dynamic)

ppOpen-APPL/FDM
— Elastic wave propagation

— Incompressible Navier-Stokes
— Transient Heat Transfer, Solid Mechanics (Dynamic)

ppOpen-APPL/FVM
— Compressible Navier-Stokes, Heat Transfer
ppOpen-APPL/BEM

— Electromagnetics, Solid Mechanics (Quasi Static) (Earthquake Generation
Cycle)

ppOpen-APPL/DEM

— Incompressible Navier-Stokes, Solid Mechanics (Dynamic)



120° 150° 180" -150" -120° -90° -60°

DO

EASX

ST
r\é‘%‘{\‘«
SRR

VRN

30° 60° 90" 120" 150° 180" -150" -120° -90° -60° -30°

-
1 NICAM & 10 &Y = —/ VO




Large—Scale Coupled Simulations in FY.2014

Challenge (FY2014) : A test of a coupling simulation of FDM (regular
grid) and FEM (unconstructed grid) using newly developed ppOpen-

MATH/MP Coupler
C/O T.Furumura _ Basement-| Buiding “w]fsw
ot : E (engineering Sl
x Sedlmen\t e classification) “hﬁ“
| \\ Q’ | |
, \ Sedimentary Rock 1]
R =2 '\ Sediment (FEM-mesh) | [ 10-50 m
(seismologica —;:‘::R Basemént I A
classification) \. = | | [ W= C Z)|
) e, / / OU er =
Earthquake Se/sm,c/WaVe /
Source Sedimentary Rock
(FDM-mesh)

FDM: Seismic Wave Propagation

Model size: 80x80x400 km FEM: Building Response
Time: 240 s Model size: 400x400x200 m

Resolution (space): 0.1 km (regular) Time: 60s
Resolution (time) : 5 ms Resolution (space): 1 m
(effective freq.<1Hz) Resolution (time) :1ms

s~

ppOpen-MATH/MP: Space-temporal interpolation, Mapping

between FDM and FEM mesh, etc.



User’s Program

ppOpen-APPL FEM FDM

ppOpen-MATH MG GRAPH VIS
ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

pPpOpen-HPC

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH

22
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ppOpen-AT

« Automatic tuning (AT) enables smooth and easy
shifts to further development on new and future

architectures, through use of ppOpen-AT/STATIC
and ppOpen-AT/DYNAMIC.

« A special directive-based AT language based on
ABCLIbscript is developed for specific procedures

In scientific computing, focused on optimum
memory access.

— Geometries
— Problem size
— H/W Parameters




ATERFH E §&ppOpen-AT IZL&BY I T7HEFIE

= )L™ 7RFEEHIER
‘Hiﬂ‘lbji't’énﬂ

ppOpen-AT |Z&5 1 i T (i K region start
Ik ragma oat install unro i, i,
g@.ﬁ—'ﬂl = U RCih ;l]fpra(gma oat varied (i, j, k) frm:l 1 t;eg”’" o
or(i =0 ;i <n; i++){
—1)> or(k =0 ; k <n ; k++
(T ':'IGJ*”@*—E’J ALiTLi1=ALi1Li1+BLi1IKI+CIKILi1; 11}
#inragma oat install unroll (i, j, k) region end
ATH#ERED SIS t=
JRg3.L . ’
I S B /j] S b
spmny | SRR A
fFhEnf-217algea—F 0/ S ASIEE T
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Optimization of ppOpen-APPL/FDM
(Seism3D) by ppOpen-AT

e A single node of Intel Xeon

Phi (60 cores, 240 threads)

— P240T1: Flat MPI (240 process
with 1 thread)

— P8T30: 8 proc’s with 30 threads

— Speed-ups based on execution
without auto-tuning

update stress

— 3-nested FDM loops, with a lot
of operations

— “Loop Splitting” is effective
update vel

— 3-nested FDM loops, medium
amount of operations

— “Loop Fusion” is effective (i-j-k -
> i*j-k)

1.5

0.5

1.5

0.5

1.63
1.36
Speedups
P240T1 P120T2
Speedups 1.49
1.28
P240T1 P120T2

c/o T.Katagiri

1.55 1.59

1.34

1.63x

P60T4 P16T15 P8T30

Problem Size:
NX*NY*NZ=
256x96x100/node

1.61 1.68

1.38

1.68x

P60T4 P16T15 P8T30

25



Schedule of Public Release

(with English Documents, MIT License)
We are now focusing on MIC/Xeon Phi

4Q 2012 (Ver.0.1.0)

— ppOpen-HPC for Multicore Cluster (Cray, K etc.)
— Preliminary version of ppOpen-AT/STATIC

4Q 2013 (Ver.0.2.0)
— ppOpen-HPC for Multicore Cluster & Xeon Phi (& GPU)
— available in SC13

4Q 2014
— Prototype of ppOpen-HPC for Post-Peta Scale System

4Q 2015

— Final version of ppOpen-HPC for Post-Peta Scale System
— Further optimization on the target system

26



PpOpen-HPC Ver.0.1.0

http://ppopenhpc.cc.u-tokyo.ac.jp/

e Released at SC12 (or can be downloaded)

e Multicore cluster version (Flat MPIl, OpenMP/MPI Hybrid) with
documents in English

e Collaborations with scientists

ool BBl R ppohFDM 0.1.0
Jololi BBV S ppohFVM 0.1.0
olol BB/ S ppohFEM 0.1.0

ololi BN BT U8 ppohBEM 0.1.0

© O O O

oloi B\l F]4 R ppohDEM 0.1.0

© O O O O O

ool BV LAY ppohVIS FDM3D 0.1.0

©C O O O O O O

ool LB A8 ppohAT 0.1.0 - - @)

27
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What is new In Ver.0.2.0 ?

http://ppopenhpc.cc.u-tokyo.ac.jp/

e Available in SC13 (or can be downloaded)

* OpenMP/MPI Hybrid Parallel Programming Model
ppOpen-APPL/FDM * Intel Xeon/Phi Version
* Interface for ppOpen-MATH/VIS-FDM3D

ppOpen-APPL/FVM e Optimized Communication

* Sample Implementations for Dynamic Solid Mechanics

* API for Linear Solver in Fortran

* Tool for Generation of Remapping Table in ppOpen-
MATH/MP

ppOpen-MATH/VIS * Optimized ppOpen-MATH/VIS-FDM3D

ppOpen-APPL/FEM

ppOpen-MATH/MP-PP

» Sequence of Statements, Loop Splitting (Optimized)
ppOpen-AT/STATIC * ppOpen-APPL/FVM
* ppOpen-APPL/FDM*BEM

v
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