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TOP500 JuNE 2008

Rank Site Processors RMax Processor System Model
1 DOE/NNSA/LANL 122400 1026000 PowerXCell 8i BladeCenter QS22 Cluster
2 DOE/NNSA/LLNL 212992 478200 PowerPC 440 BlueGene/L
3 Argonne National Laboratory 163840 450300 PowerPC 450 BlueGene/P

Texas Advanced Computing Center/Univ.
4 of Texas 62976 326000 AMD x86_ 64 OpteronQuad Sun Blade x6420
5 DOE/Oak Ridge National Laboratory 30976 205000 AMD x86_64 OpteronQuad Cray XT4 QuadCore
6 Forschungszentrum Juelich (FZJ) 65536 180000 PowerPC 450 BlueGene/P
New Mexico Computing Applications Intel EM64T Xeon 53xx
7 Center (NMCAC) 14336 133200 (Clovertown) SGl Altix ICE 8200
Computational Research Laboratories, Intel EM64T Xeon 53xx Cluster Platform 3000
8 TATA SONS 14384 132800 (Clovertown) BL460c
9 IDRIS 40960 112500 PowerPC 450 BlueGene/P
Intel EM64T Xeon E54xx
10 Total Exploration Production 10240 106100 (Harpertown) SGI Altix ICE 8200
16 The University of Tokyo 12288 82984 AMD x86_64 OpteronQuad Hitachi Cluster
20 University of Tsukuba 10000 76460 AMD x86_64 OpteronQuad Appro XtremeServers
24 Tokyo Institute of Technology 12344 67700 AMD x86_64 OpteronDual Fire x4600 Cluster
34 Kyoto University 6656 50510 AMD x86_64 OpteronQuad Fujitsu Cluster
49 The Earth Simulator Center 5120 35860 NEC SX6

Peta-scale/2008, Exa-scale/2018 (SciDAC2008)
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LIBRARIES, FRAMEWORKS AND
MIDDLEWARES

PETSc- The Portable Extensible Toolkit for Scientific
Computation

KeLP- Kernel Lattice Parallelism

POOMA- Parallel Object-Oriented Methods and
Applications

SAMRAI- Structured Adaptive Mesh Refinement
Application Infrastructure

Overture - CFD Application Framework
CACTUS - Framework on GRID Environment
HPC(HEC)-MW - Middleware for coupling...
MpCCI - Generalized coupler



CAPABILITY

For developer
Rapid prototyping by reuse of library collections

Easy extension from serial to parallel code
Source portability and management
Various coding style; OO or procedural
Management of coupling problem

For end-users

Unified UI, concept
Easy access for various solvers on SPHERE

Controllable coupling simulation by scripting



POINT OF VIEW

Productivity
Accelerate efficiency of program development

Reduce cost of management and maintenance for
simulators

Usability
Provide unified User Interface for end-users

Higher level description to describe coupling and
parallel code

High performance

Retain balance among productivity, usability and
performance



FRAMEWORK SPHERE

Functionality

Provide mechanism of efficient code development
Management of data array
Skeleton of program structure
Reuse of both methods in libraries and program structure
Support for parallelization
Provide usable run-time environment
Select solvers that are registered on SPHERE
Parallel execution
Coupling control between solvers

Multi...
Multi-platform (Linux, Mac, Win, NEC SX, SGI Altix)
Multi-language - Interoperability (C, C++, f77/f90...)



FUNCTIONALITY FOR SOLVER DEVELOPMENT

Libraries (MPI, File I/O, XML parser, ...)

Support of parallelism based on domain decomposition
Flow control for coupled solvers

Skeleton of unsteady physical simulation code
Difference programming by inheritance

( Solver ) ( Solver ) ( Solver Solver
Class A Class B Class C ( Class D )

User Defined Base Class Q User Defined Base Class B

> [
g
oS
w 5 XML ,
ot _E< Solver Data class i File /O
£ Q| |Base class .Othe'r
< 2 Parallel Manager / Data Manager Libraries
£\ MPICH

System Library (Operating System)




INHERITANCE AND BASE CLASS

SPHERE System

Skl

SkiBase

4

A

SklSolverBase

—

—

SklSolverFB

I
SklSolverStruct ]

|

A A A *
]
[ PBC3D_MP ] lRBS3D_IC_MBX]

|

[CBS2 D_LC ] [CBS3D_IC ]

[ CVC3D_CP "’

Derived Solver Class

SPHERE

( Solver ) ( Solver ) ( Solver ) ( Solver
Class A Class B Class C Class D

User Defined Base Class User Defined Base Class B
>~
g
Eal
b XML .
< < St Data class Parsing File /O
g Base class _C‘th":"
e Parallel Manager / Data Manager Libraries
£l MPICH

System Library (Operating System)

Skeleton of unsteady
physical simulation code

Difference programming
by inheritance



RUN-TIME ENVIRONMENT

Select solvers that are registered on SPHERE
Parallel execution
Coupling control between solvers

XML file :
<SphereConfigSolverType="Incompressible flow solver" >

Command line : Y \ ( w ]
. 2 @ 5
$ sphere input.xml sol (58| |2 ] |53
d73 23 2o E
£z sz |28 €3
) €9 g ST
g = S £ =
£ E s
—— - _J

5

- - - -

Skeleton Base Syetem

SPHERE System




PARAMETER DESCRIPTION BY XML

Management of parameter and run-time
iInformation libxml2 library (open source)

<?xml version="1.0"?>
<DomainInfo>

<VoxelOrigin ox="7.72e-01" oy="8.75e-01" oz="8.67e-02" />
<VoxelSize ix="292" jx="262" kx="53" />
<VoxelPitchdx="1.225e-4" dy="1.225e-4" dz="1.225e-4" />
</DomainInfo>

Enable to working with
database
other collaborative applications



CLASS ABSTRACTION OF UNSTEADY PHYSICAL
SOLVERS

o

Declaration Ra d Velocity
T Previous Pressure
Files Density...
Memory
Allocation

Solver
Main Part
Monitor
I e e
File Velocity
Output Z| Pressure
Density...

? Continue

| —




ABSTRACTED METHODS

boolSklSolverBase: :SklSolverEx
ec ()

{

intinit ret =

SlellolyerInitialize () ;

SPHERE Framework
Solver Class l

Pre Process

/" —

Main Process

Paralle] ntloop ret =
XML Parse

time :

\_t=t+At

Post Process

Data mngr

Libraries
SklSolverPost () ;

return true; ‘

)




METHODS THAT DEVELOPER SHOULD
DESCRIBE

.i intSklSolverBase: :SklMainLoop ()
. {
Main Loop int ret = 1;
register unsigned inti;

step:n=n+1

for(i=1; i<=m maxStep; i++) {
time : t =t +At

m_currentStep = 1;
SklMainlaqp(); intloop ret = Sle%lverLoop(i); ]
1f( loop ret == ) break;

)

return ret;

}




INVOCATION OF SPHERE AND SOLVER
CLASS OBJECT

<?xml version="1.0"?>

<SphereConfigSolverType="CBS3D IC" >

Main function

Configuration
file
Select Target l
Solver Class Solver Class
» Constructor l

Instance of
Solver Class

l > Initialization o Select Solver class to invoke
Execution of o Instantiation of solver class
Solver Class

Loop Processl o Migration of execution from
— SPHERE to solver class, and

return SPHERE again

O

Post '
v ‘

Destructor I




DATA CLASS

Management of Array - create, allocation,
delete...

Corresponds to domain decomposition of
parallelization

Communication in between each domain
Send/receive of data in case of solver coupling
Based on concept of data class (Ohta, 1999)

Extension for flexibility
Data class + Manager class




HIERARCHY AND FUNCTIONS OF DATA CLASS

[ SklArayBase J
+
[ SkIAray j

SkIAray
ldx]

SklAray
|dx2

](

SkIAray
idx3

)

Sk[Aray
idx4

[ SklScalar j

[ SklScalar ]

A

A

SkI
Scalar3D

I
Skl
Vect0r2 D

I
Skl
Vector2 DEx

SklPara
Scalar3D

SklPara
Vector2D

SklPara
Vector2 DEx

|
Skl
Scalar4D

Skl

Skl

j [Scalar4DEx] [ Vector3D

Skl
Vector3DEx

A

A

SklPara
Scalar4D

SklPara SklPara
Scalar4DEx Vector3D

SklPara
Vector3DEx

Management and Operation
for Multi-dimensional Array

N-dimensional Indexing

Vector and Scalar Arrays
Parallelization

Treatment of Guide Cell

Communication In
between Nodes

Current status
Cartesian, Multibox

Developing...
Octree, BCM, UNS



L ARGE-SCALE PARALLEL COMPUTATION

Parallel procedure build in SPHERE

Based on domain decomposition

Takes charge of part of synchronization among
domains

Only specify instruction to synchronize

Data structure
Currently, uniformly spaced Cartesian

Non-uniformly Cartesian, Octree, UNS, Multibox,
Multilevel, BCM, -



FUNCTIONS OF PARALLEL MANAGER CLASS

Manage data class and parallel environment
Specify serial/parallel library

Initialize and finalize methods for parallel

environment

Obtain parallel information such as node ID, # of
ID, neighbor node ID...

Communication between nodes
Instantiation of parallel data class and registration

SklPara
Manager

SklPara
Nodelnfo

)

Ski
Voxellnfo

) (ser)

Interface for Solver Class

SklPara
MPI

Abstracted Class



BEHAVIOR OF SOLVER AND PARALLEL
MANAGER CLASS

Solver Class
Object

Request to get
parallel Info.

Data
Synchronization

Node #0

@

call method

Acquisition
method of
para. info.

€)
@

return info.

call method

Communication
method in
| between nodes

@ data transfer

® request to MPI

™ g
Node #I
N -
SkiParaManager SklParaManager
@ | getinfo.
o 4 B
SklVoxellnfo SklVoxellnfo
| Object Object
]
SklParaNode SklParaNode
Info Info
Object Object
.
> f ® N N
SklParaMPI o SkiParaMPI
Object Communication Object




PSEUDO CODE 1

intSklSolverInitialize(){ «
Skl1CfgGetVoxelSize (wi, wj, wk);
GetCfgVoxelDivisionMethod (nx, ny, nz);
ParaMngr.SklVoxelInit (wi,wj,wk,nx,ny,nz) ;
VoxelInitilize() ;

AllocateMatrix() ;

InitilizeMatrix() ;

return 1;

}

intSklSolverLoop (const unsigned step){
hbmtf jacobi (nn, p, ...);

return 1;

, &

Pre Process

»

Y

Main Process

Post Process




PSEUDO CODE 2

subroutine hbmtf jacobi(nn, p, ...)

integer, dimension(3) :: sta, end

real, dimension|() 1 P

real (4) :: wgosa, gosa

integer :: 1,7,k,loop, nn, ierr

do loop=1,nn
gosa= 0.0
do 1,7j,k=sta(),end()
p(i,j, k)=....
enddo
call SklCommBndCell (p, 1, ierr)
call SklAllreduce (gosa, wgosa, ...)
call BoundaryCondition ()
enddo
return
end subroutine hbmtf jacobi



BENCHMARK CODE

Poisson Solver

Jacobi Relaxation Method

Load/Store : Arithmetic=1:1

{C| 77 ] 90 }, { Static | Dynamic }

MPI Parallelism based on Domain Decomposition




LANGUAGE AND MEMORY ALLOCATION

org_f77
org_fo0
org_C
org_C
sph_f90
sph_C++
sph_C++

static

dynamic
static

dynamic
dynamic
dynamic
dynamic

1,021
907
1,144
399
921
525
537

256x128x128
256x128x128
128x128x256
128x128x256
256x128x128
256x128x128
128x128x256

Intel Compiler 9.0
On Pentium4 3.4 GHz



SERIAL PERFORMANCE ON SEVERAL
PLATFORMS

Altix@1.5GHz
Xeon 5160@3GHz
Pentium4@3.4GHz

Opteron@2.4GHz

PowerPC@2GHz (xIf)

0 500 1000 1500 2000

HBMT (f90, dynamic) MFLOPS ‘
ifort 9.1

icc 9.1




PARALLEL PERFORMANCE OF ORIGINAL CODE
ON RSCC

60 o 256x128x128 (C, satic
s 128x64x64 (C, static)
CPU Xeon 3.06GHz .
512kB Dual 50 ----4---- 128x64x64 (f90, dynamic)
Chipset Prestonia % 40 o
Memory 1GB/CPU % 30 L
/ 1
0S RHS = ) |+
+Score5.6.1 O] 0 /’r
Compiler Fujitsu LPL 10 /@;/
-Kfast g/
Interconnect Infini-Band 0 le*
(8Gbps) 0 10 20 30 40 50 60 70
Nodes




COMPARISON OF PARALLEL PERFORMANCE ON
RSCC

350

M:256x128x128
L:512x256x256
XL:1024x512x512

300

250

200

150

GFLOPS

100

50

0
600 800 1,000 1,200 ‘

Cores




SPECIFICATION OF MACHINES

| Altix 4700 Xeon Cluster

CPU Itanium2 Montecito Xeon 5160
Frequency 1.6 GHz 3.0 GHz
Core/CPUpernode 2/1 2/ 2

Node 64 8

Cache / core 9MB (3m) 2GB (2n9)

OS SGI Pro pack5 SGI Pro pack5
Compiler Intel 9.1 -03 Intel 9.1 -0O3 -axT
Interconnect CC NUMA Infiniband

MPI library MPT1.14 Voltaire MPI




NON-BLOCKING PERFORMANCE ON

ALTIX 4700
300
—{1— org/sph_PPM=4
250 —o— sph_NB_PPM=4 -
—m@—sph_NB_PPM=2 104
200
%)
% 150
— /O
LL 56
O )E//// ff////
100 /" /‘/
0
50 el _4§g::::w~""#ﬂﬂfﬁf 28
=
A ,}Qﬁ
0 EH

20 40 60 80 100 120 140 ‘
Cores

512x256x256




NON-BLOCKING PERFORMANCE ON XEON
5160 CLUSTER

100
—{ 1+ org_PPM=2
80 66
—0— sph_NB_PPM=2 /
v 60 /
5 =
42
5w ]
/ e
20 L
=
0t

0 20 40 60 80 100 120 140
Cores
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Multicore, Hybrid
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Library
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COUPLING HANDLING

Fluid Simulation Structural Simulation |
IQ+IE+IF+3G=0 M-i+C-u+ Q= Faero \
N-S/Linear Structural model
Compressible
P SheII Solver
Solver

undeformed shape
L N-S/Nonlinear Structural model

/

~
~ roll-up of the tip vortex

Base Class for Fluid code Base Class for Structural code
&% g
XML e |
> g Data class File I/O
Parsing
Solver
Base class Parallel Manager / Data Manager
MPICH
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Data flow description

Acting Force
Control flow description _Z"""

Flukd Simulaton Structural Simulation
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Unr vld e e | Unr O e o] (300
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