Sparse Days and Grid Computing at St. Girons

Journées sur l'algébre linéaire creuse et le caleul sur la grille.
Presentation succinte format ps format pdf’

A four-day meeting on sparse matrix matters at St Girons in Ariege at foothills of Pyrenees, on June 10-13 2003.

High Performance Computing and the
Computational Grid

Jack Dongarra
University of Tennessee
and
Oak Ridge National Lab
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r. Technology Irends:
“ Microprocessor Capacit
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o0 Disk drives

mDensity, bits/em?

Moore's Law
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Gordon Moore (co-founder of Source: 1BM, Intel

Intel) predicted in 1965 that the

transistor density of semiconductor Microprocessors have become

chips would double roughly every smaller, denser, and more powerful.
18 months. Not just processors, bandwidth,

storage, etc.

2X transistors/Chip Every 1.5 years 2X memory and processor speed and

U
Called “Moore’s Law” V2 size, cost, & power every 18
- months. 2
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~ Moore’s Law
Super Scalar/Vector/Parallel
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TOPSHQ]

H. Meuer, H. Simon, E. Strohmaier, & JD

- Listing of the 500 most powerful

Computers in the World
- Yardstick: Rmax from LINPACK MPP

TPP performanc

Ax :b, dense problem

Rate

- Updated twice a year -~
SC*xy in the States in November

Meeting in Mannheim, Germany in June

4

- All data available from www.top500.org
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“" A Tour de Force in Engineering
+ Homogeneous, Centralized,
Proprietary, Expensivel
+ Target Agplicaﬁon: CFD-Weather,
Climate, Earthquakes
¢+ 640 NEC SX/6 Nodes (mod)

* & o o

» 5120 CPUs which have vector ops
» Each CPU 8 Gflop/s Peak
40 TFlop/s (peak)
$1/2 Billion for machine & building
Footprint of 4 tennis courts
7 MWatts
> Say 10 cent/KWhr - $16.8K/day =
6M/year!
Expect to be on top of Top500
until 60-100 TFlop ASCI machine
arrives

From the Top500 (June 2003)

> Performance of ESC
% Z Next Top 4 Computers

> ~ 10% of performance of all
the Top500 machines

S inarosonne

Cabinats (E%)

tion e

June 2003

ISUPERCOMPUTER SITES

Manufacturer Computer Rmax Installation Site Year | # Proc | Rpeak
1 | NEc Earth-Simulator 35860 | Earth Simulator Center 2002 | 5120 | 40960
Yokohama
Hewlett- ASCI Q - AlphaServer SC Los Alamos National Laboratory
2 Packard ES45/1.25 GHz 13850 Los Alamos 2002 tozpjaciso
3 | Linux Netwo.rx MCR Linux C.Iusfer Xeon 2.4 GHz - 7634 Lawrence Livermore National Laboratory 2002 2304 11060
Quadrics Quadrics Livermore
4 | BM ASCI White, SP Power3 375 MHz | 7304 | Lowrence Livermore National Laboratory | 5050 | g192 | 12288
Livermore
5 | IBM SP Power3 375 MHz 16 way 7304 | NERSC/LBNL 2002 | 6656 | 9984
Berkeley
6 | IBM/Quadrics xSeries CIusfer' Xeon 2.4 GHz - 6586 Lawren'cz Livermore National Laboratory 2003 1920 9216
Quadrics Livermore
7 | Fujitsu PRIMEPOWER HPC2500 (1.3 GHz) 5406 N““°;‘_:'k;‘:'°s ace Lab 2002 | 2304 | 11980
Hewlett- rx2600 Itanium2 1 GHz Cluster - Pacific Northwest National Laboratory
g Packard Quadrics AR Richland 2003 120 GHEY
9 Hewlett- AlphaServer SC ES45/1 GHz 4463 Piﬂsburgh Supercomputing Center 2001 3016 6032
Packard Pittsburgh
10 Hewlett- AlphaServer SC ES45/1 GHz 3980 Commissariat a |'Energie Atomique (CEA) 2001 2560 5120
Packard Bruyeres-le-Chatel
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< TOP500 — Performance - June 2003
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¢ Response to the Earth Simulator:
~_IBM Blue Gene/L and ASCI Purple

+ Announced 11/19/02 a8
. s n
>0One of 2 machines for LLNL
»360 TFlop/s
»>130,000 proc

. Node Board
»>Linux (@2 chips, 4x4x2)
16 Carrpute Cards
>FY 2005 crecas A
(2 chips,
Chip
(2 processors)

2057 TFs LIRS
.I 255GBDOR
Ea Plus
se12crs  SOBDIR ASCI Purple
2856GHs  05GBDOR IBM Power 5 based

S 12K proc, 100 TFlop/s




. DOE ASCI
" Red Storm Sandia National Lab

+ 10,368 compute processors, 108
cabinets

> AMD Opteron @ 2.0 GHz

» Cray integrator and providing
the interconnect

+ Fully connected high
performance 3-D mesh
interconnect.

> Topology - 27 X 16 X 24
¢+ Peak of ~ 40 TF
> Expected MP-Linpack >20 TF

¢+ Aggregate system memo
bggdw?d'rh -Y~55 TB/s Y

¢+ MPI Latency - 2 ms neighbor, 5
ms across machine

¢+ Bi-Section bandwidth ~2.3 TB/s

¢+ Link bandwidth ~3.0 GB/s in
each direction

2004 in operation

9
n -
. (DARPA H]
IcL
Reoducteity Phases I - 111
Metrics and Early Academia E?rly Products
Benchmarks Software Research Pilot
HPCS Tools Platforms Platforms
Capability or
Products
|
Pt Requirements
Appllcat!on ar?d Metrics
Analysis
Performance
Assessment - " Prototypes
once :
Reviemes DOR & Pilot Systems
industry ﬂ
Readine APhase Il Readiness Review
Fiscal Year P6 07 08 09 10
/\ Reviews Phase Ill
A Industry Procurements Phase | Phase Il Full Scale Development
Industry R&D commercially ready in the 2007 to 2010 timeframe.

A Critical Program Concept Study 2-3 companies $100M ? 10

Milestones 5 companies 50M each "
$10M each $ S gl j ]




Ultracomputer Research: "=~
Blue Planet system

(256 racks/
2,048 nodes/
16,384 processors
+ 160 switch frames)

wy banlduy ling din
e I
(64 processors/ l.“|1||-‘i|1||1‘|‘||.1
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160 TF/s

MCM

(4 processors)
POWERS+ Chip
(1 processor) 3
n Blue Planet Target Design:
. ot + POWERS+ GS single-core chip
v Approx 2.5 GHz
40 GF/ls 80 GF/s v 0.10u 1052 technology
10 GF/s v 2005 availability

640 GF/s

hitp:/iwww.nersc.gov/news/blueplanetmore.html|

£

< ORNL — September 2003

<&

3.2 TFlops _

+ 256 processors

+ 1 TB shared ¢ programming
memory model

+ 32 TB of disk > MPI, Co-Array
space Z%r;;:::'l, or

+ 8 cabinets 12
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~ SETI@home: Global Distributed Computing

+ Running on 500,000 PCs, ~1300 CPU
Years per Day
> 1.3M CPU Years so far

+ Sophisticated Data & Signal
Processing Analysis

+ Distributes Datasets from Arecibo
Radio Telescope

{\

“SETI@home

¢+ Use thousands of Internet-
connected PCs to help in
the search for
extraterrestrial

intelligence.
+ When their computer is idle . .
or being wasted this + Largest distributed
software will download . .
- half ‘ MB %hu,}k of data computation project
or analysis. Performs : :
about 3xl'flops for each in existence
client in 15 hours. > Averaging 55 Tflop/s

¢+ The results of this analysis
are sent back to the SeTT ¢ voday a number of

team, combined with : . .
thousands of other companies h‘ymg this

participants. for profit.




N

* Google

+ Google query attributes + Eigenvalue problem
> 150M quer‘ies/day » n=2.7x10° (see: Cleve's Corner)
(2000/second) =1 -
» 100 countries iy
> 3B documents in the index -
+ Data centers zxalir:k:nk

> 15,000 Linux systems in 6 data » 1 if there's a hyperlink fr‘ol;n page / to j

centers + Form a transition probability matrix of
> 15 TFlop/s and 1000 TB total the Markov chain
capability > Matrix is not sparse, but it is a rank
> 40-80 1U/2U servers/cabinet one modification of a sparse matrix
+ Largest eigenvalue is equal to one;
> 109 MB ETheyneT ] Lo want the correspondina eigenvector
switches/cabinet with gigabit (the state vector of the Markov
Ethernet uplink chain).
» The elements of eigenvector are
> ?5.Othng<)Om 4,000 systems Google's PageRank (Larry Page).
une ) . ¢+ When you search: They have an
> 18M queries then inverted index of the web pages
+ Performance and operation » Words and links that have those words
> simple reissue of failed commands * Your query of words: find I.inks then
to new servers order lists of pages by their PageRank.
> no performance debugging 19
> _problems are not reproducible Source: Monika Henzinger, Google & Cleve Moler

£ Extensible TeraGrid Facility (ETF)

Proposed 2002, Becoming operational

Caltech: Data collection analysis LEGEND ANL.: Visualization
Clust Visualization
oatrincs [ . - ’ 1.25 TF 1A-64
1A32 Datawulf . Storage Server ' Shared Memory . ' 9(—5 Viz nodes
80 TB Storage - . @ niskstorage WA Backplane Router] ’ 20 TB Storage

Extensible Backplane Network

Chicago
Hub

40 Gb/s 30 Gb/s

30 Gb/s

30 Gb/s

4 TF I1A-64 10 TF 1A-64 6 TF EV68
DB2, Oracle Servers 28 large memory nodes ' 71 TB Storage
500 TB Disk Storage 230 TB Disk Storage 0.3 TF EV7 shared-memory
6 PB Tape Sto, and data mining 150 TB Storage Server
" ien| | BET @6

SDSC: Data Intensive NCSA: Compute Intensive PSC: Compute Intensive

16
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¢ Gnid Computing is About ...

Resource sharing & coordinated problem solving

in dynamic, multi-institutional virtual
organizations

3

DATA ADVANCED
ACQUISITION VISUALIZATION

A

COMPUTATIONAL
RESOURCES

IMAGING INSTRUMENTS LARGE-SCALE DATABASES
“Telescience Grid”, Courtesy of Mark Ellisman

17
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<~ The Computing Continuum

the globus project \
jlobusory [ANIES

Special Purpose  “Grids”
“SETI / Google”

Clusters Highly
Parallel

+ Each strikes a different balance
> computation/communication coupling

+ Implications for execution efficiency
¢+ Applications for diverse needs
> computing is only one part of the story!

18
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<= The Grid Architecture Picture

PoN
User Portal: Application _:H
Problem Solving \" Application Science
Grid Access & Info Environments Portals
Service Layers: OS . Resource Discovery
he g prjec Co- Scheduling & Allocation Fault Tolerance
Authentication I Naming & Files I Events I
y 4 y 4

I S S

Resource Layer: computers Data bases  Onlipe instruments
Hardware
Software

Databases
Remote instrument:

Software

High speed networks and routers

19
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Atmospherlc Sciences Grid

Real time data

10
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Standard mplementation

B
" 1‘3‘/ ; /[l 4 Realtime data

21

. Some Grid Requirements —
“ User Perspective

+ Single sign-on: authentication to any
6rid resources authenticates for all
others

+ Single compute space: one scheduler for
all 6rid resources

+ Single data space: can address files and
data from any Grid resources

+ Single development environment: Grid
tools and libraries that work on all grid
resources

22

11



o dSome Grid Requirements —
Systems/Deployment Perspective

+ Identity & authentication ¢ Adaptation

+ Authorization & policy ¢ Intrusion detection

+ Resource discovery ¢+ Resource management

+ Resource characterization ¢ Accounting & payment

+ Resource allocation + Fault management

+ (Co-)reservation, workflow ¢ System evolution

+ Distributed algorithms ¢ Etc.

+ Remote data access

+ High-speed data transfer

+ Performance guarantees

¢+ Monitoring ”s
¢
Globus Grid Services

@ﬂobus project

+ The Globus toolkit provides a range of
basic 6rid services

> Security, information, fault detection,
communication, resource management, ...

+ These services are simple and orthogonal
» Can be used independently, mix and match
» Programming model independent

+ For each there are well-defined APIs

+ Standards are used extensively
>E.g., LDAP, 655-API, X.509, ...

+ You don't program in Globus, it's a set of
tools like Unix 24

12



The Grid
(@) na

Scientists and engineers

using computation
to accomplish lab missions

L
$_ 9

L

INTELLIGENT INTERFACE GRID OPERATING SYSTEM
The software that coordinates

the interplay of computers,
'g, and software

MIDDLEWARE
A knowledge-based environment Software tools that enable
that offers users guidance interaction among users,

on complex ¢ tasks pp and system

b NetSolve Grid Enabled Server

+ NetSolve is an example of a 6rid based
hardware/software/data server.

+ Based on a Remote Procedure Call model but
with ..

> resource discovery, dynamic problem solving
capabilities, load balancing, fault tolerance
asynchronicity, security, ..

+ Easy-of -use paramount

+ Its about providing transparent access to
resources.

26
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¢ Netdolve: The Big Picture

Client

Schedule
Database
i
—
—-_— \
b IBP Depot A
Octave, Scilab /,/ % ’/ |
Mathematica Ej '_/“_,—" ///, ‘__// \“
CFortran, __e--ooooTTTTTTT et - ,/ .‘
Excel LT -

= =

No knowledge of the grid required, RPC 11ke.
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¢ NetSolve: The Big Picture

Client

Schedule

Database

> N
Matlab, & 1 '
IBP Depot L / !
Octave, Scilab ‘

\
- /I /, \\
R S / '
i Pid o \
Mathematica Ej JPPTas LTt
C, Fortran,

Wl

h
'.
Excel ,/" :

mf./r'%llll

28
No knowledge of the grid required, RPC like.
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NetSolve: The Big Picture

Client

Excel
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No knowledge of the grid required, RPC like

Octave, Scilab
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C, Fortran,

Excel
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¢ NetSolve: The Big Picture
Cl|ent Schedule
Request Database
B s21
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No knowledge of the grid required, RPC like
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Agent

SWS, User’s
A Request
Agent Passed to HW
Selects Server TRUSTED
HWServer ENVIRONMENT

&

SWServer Software Software

Description Returned
Passed to
Repository

User

Request

Results
Back to
User

Client

{\

< NetSolve Agent

+ Name server for the
NetSolve system.

+ Information Service

> client users and administrators can query the
hardware and software services available.

¢+ Resource scheduler

» maintains both static and dynamic
information regarding the
NetSolve server components to
use for the allocation of resources

32
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NetSolve Agent

+ Resource Scheduling (cont'd):
» CPU Performance (LINPACK).
> Network bandwidth, latency.
> Server workload.
> Problem size/algorithm complexity.

> Calculates a "Time to Compute.” for each
appropriate server.

> Notifies client of most appropriate server.

33
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NetSolve Client

¢ Function Based Interface.

+ Client program embeds call
from NetSolve's API to access
additional resources.

¢+ Interface available to C, Fortran,
Matlab, Octave, Mathematica, ..

+ Opaque networking interactions.

+ NetSolve can be invoked using a
variety of methods: blocking, non-
blocking, task farms, ...

34
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< Hiding the Parallel Processing

¢+ User maybe unaware of parallel

¢+ NetSolve takes care of the starting the message
passing system, data distribution, and returning

processing

the results.

Scal APACK
Processor, Girid

(HOW o UPPY

35
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Basic Usage Scenarios

6rid based numerical library

routines

> User doesn't have to have
software library on their
machine, LAPACK, SuperlLU,
ScalAPACK, PETSc, AZTEC,
ARPACK

Task farming applications
> “Pleasantly parallel” execution
eg Parameter studies
Remote application execution
» Complete applications with user
specifying input parameters and
receiving output

+ "Blue Collar” 6rid Based
Computing
> Does not require deep
knowledge of network
programming
> Level of expressiveness
right for many users
> User can set things up,
no “su” required
> In use today, up to 200
servers in 9 countries
¢ Can plug into Globus,
Condor, NINF, 36

18



s University of Tennessee Deployment:
<+ Scalable Intracampus Research Grid: SInRG

RESOURCE MANAGEMENT

NetSolve COMPUTATIONAL NetSolve Agent

Globus MIDDLEWARE

@ E -
@ DSTRIBUTED STORAGE Logistical Runtime

=3 MIDOLEWARE System (LoRS)
GraFTP

L
' <3 il mgdllrc‘:;:“ i
=B

lab || Mathematica

Grid Clusters

SInRG Fabric ¢

Routers/Switches

IBP Depots ‘

5
16 Beus Duse
SInRG Compute 550 s Bik
160 66 crs
Resources
16 buws s

COMPUTER SCIENCE
130 CLaAxTON comeiex |

Federated Ownership: CS, Chem
Eng., Medical School,
Computational Ecology, El. Eng.
Real applications, middleware
development, logistical 37
networking

{\

“* NetSolve- Things Not Touched On

¢+ Integration with other NMI tools

i
the globus project NETWORK

B \WWEATHER

> Globus, Condor, Network Weather Service | ) SERVICE

+ Security
> Using Kerberos V5 for authentication.

+ Separate Server Characteristics
> Hardware and Software servers

¢+ Monitor NetSolve Network
> Track and monitor usage

Fault Tolerance
Local / Global Configurations
Dynamic Nature of Servers

* & & o

¢+ NetSolve evolving into GridRPC

> Being worked on under GGF with joint with NINF

Automated Adaptive Algorithm Selection

> Dynamic determine the best algorithm based on's,
system status and nature of user problem

Client
IS

19



¢ Grnds vs. Capability vs. Cluster
Computing

+ Not an “either/or" question
> Each addresses different needs
> Each are part of an integrated solution
¢ 6rid strengths
> Coupling necessarily distributed resources
> instruments, software, hardware, archives, and people
> Eliminating time and space barriers
> remote resource access and capacity computing
» 6rids are not a cheap substitute for capability HPC
Capability computing strengths
> Supporting foundational computations
> terascale and petascale “nation scale” problems
> Engaging tightly coupled computations and teams
Clusters
> Low cost, group solution
> Potential hidden costs

<

<

{\

< If You Want to Participate ...

Global Grid Forum 8

Global Grid Forum Overview
— HPDC-12
22-24 June 2003 - oo S '
GGFS - The Eighth Global Grid Forum Obstacles & Opportunities' \
24-27 June 2003 A 3
Seattlc, WA, USA Registration Information
REGISTER NOW REGISTRATION FEES

GGES UPDATES

« HPDC-12/GGF8 Tutorials

o 10 Tutorials on KEY Grid and Distributed Computing topics have been confirmed for HPDC-12/GGF8.

o Leam from the experts who develop, implement and utilize this technology in a focused, informal
environment. Sessions are scheduled for half days Sunday(June 22), Tuesday (June 24) and Friday
(June 27) and indude detailed course materials

o Find out more about HPDC-12/GGF8 tutorials HERE

o Don't miss your chance to educate yourself on key Grid technologies and applicatidns at DISCOUNTED
rates (on/before June 13)! Sign up today for by updating your registration HERE or simply use the

FAXABLE REGISTRATION FORM and let GGF update your records
e GGF8 Building Grids - Obstades & Opportunities -
- Keynotes

= John Gage, Chief Researcher, Sun Microsystems
= Shane Robison, Executive Vice President and Chief Technology & Strategy Officer, HP
» Kenichi Miura, Chief Scientist, Computer Systems Group, Fujitsu America
= Gordon Bel, Senior Researcher, BARC, Microsoft Corporation
# Dr. Luis Rodniguez-Rosello, Acting Director of Emerging Technologies and Infrastructures,
Applications, DG Information Socety, European Commission
o want to learn more...?
« LINK HERE for detaled instructions on how to add HPDC-12 to your existing GGF8 Registration.
s Prefer hard copy? Download HPDC-12/GGF8 FAX-ABLE Registration Form
« GGF8 Participants to date-
= 475+ participants already confirmed.....
« Looking for a great deal?
o ADVANCE Registration saves on ONSITE fees!
2 = i i 8 participants offered at REDUCED rate;

40
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< Futures for Numerical Algorithms and Software

+ Numerical software will be adaptive,
exploratory, and intelligent

+ Determinism in numerical computing will
be gone.

> After all, its not reasonable to ask for exactness in numerical
computations.

> Auditability of the computation,
reproducibility at a cost
+ Importance of floating point arithmetic
will be undiminished.
> 16, 32, 64, 128 bits and beyond.
+ Reproducibility, fault tolerance, and
auditability
+ Adaptivity is a key so applications can .
effectively use the resources.

{\
<= Collaborators / Support
+ TOP500 > Thanks
» H. Mauer, Mannheim U o
> H. Simon, NERSC E‘@;j
> E. Strohmaier, NERSC Next Generation Software
+ NetSolve

» Sudesh Agrawal, UTK
» Henri Casanova, UCSD
> Keith Seymour, UTK

» Sathish Vadhiyar, UTK

¢+ For more information...
GOUS[Q

BTN g coows

.t Many opportunities
within my group at

Tennessee
42
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