I OlIRG
SEMINAR AND WORKSHOP ON
GRID COMPUTING AT UT
Computational Grid Research and
the Scalable | ntercampus Research Grid Project - SINRG
Jack Dongarra
Computer Science Department
University of Tennessee
:"L;r e Seminar And WOFKShOp On Grid
e SImEE

Computing At UT

8:30 am - Coffee and Rolls

9:00 - 11:00 The 6rid and SInRG - Jack Dongarra and Micah Beck

The Grid and its Technologies, Jack Dongarra, CS

SInRG Middleware: NetSolve,Jack Dongarra, CS

11:00 -12:00 SInRG Application Talks

Introduction to Condor - Todd Tannenbaum, U of Wisconsin

Computational Ecology - Lou Gross, Comp Ecology

Advance Machine Design - Don Bouldin, EE

12:00 - 1:00 Lunch ("on your own')

1:00 - 4:00 SInRG Technical Session - Tutorials:

How to use NetSolve - Michelle Miller, CS
How to use IBP - Scott Atchley, CS

How to use Condor - Todd Tannenbaum, U of Wisconsin

4:00 End

SInRG Middleware: Internet Backplane Protocol (IBP), Micah Beck, CS
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Hymy: What is Grid Computing?

Resource sharing & coordinated problem

solving in dynamic, multi-institutional

| virtual organizations

ANALYSIS

DATA ADVANCED
ACQUIS|TION VISUAL IZATION

COMPUTATIONAL

'y

RESOURCES

IMAGING INSTRUMENTS LARGE-SCALE DATABASES
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35T he Computational Grid is. ..

..a distributed control infrastructure that

allows applications to treat compute cycles as

commodities.

Power 6rid analogy

= Power producers: machines, software, networks,

storage systems

= Power consumers: user applications

Applications draw power from the Grid the way

appliances draw electricity from the power

utility.

= Seamless

& High-performance

& Ubiquitous

« Dependable
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1 HIGINRE Computationa Grids and

Electric Power Grids
Why the Why the
[ Computational 6rid is Computational 6rid is
like the Electric different from the
Power 6rid Electric Power Grid
& Electric power is & Wider spectrum of
ubiquitous performance
& Don’t need to know the & Wider spectrum of
source of the power services
(transformer, = Access governed by
B generator) or the power more complicated issues
| company that serves it

» Security

» Performance

» Socio-political factors

5
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SH51H5A n Emerging Grid Community

1995-2000

“6rid book" gave a

comprehensive view of the

state of the art

Important infrastructure and

middleware efforts initiated

» Globus

» Legion

» Condor

» NetSolve, Ninf

» Storage Resource

Broker

» Network Weather

Service

» AppleS, ..
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IPG NAS-NASA http://nas.nasa. gov/~weJ/home/IPG

Globus http://www.globus.org/

Legion http://www.cs.virgina.edu/~grimshaw/

ApplLeS http://www-cse.ucsd.edu/groups/hpcl/apples
NetSolve http://www.cs.utk.edu/netsolve/

NINF http://phase.etl.go.jp/ninf/

Condor http://www.cs.wisc.edu/condor/

CUMULVS http://www.epm.ornl.gov/cs/cumulvs. html

WebFlow http://www.npac.syr.edu/users/gcf/

LoCI http://loci.cs.utk.edu/ 7
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Enable the coordinated use of geographically distributed

resources - in the absence of central control and existing trust

relationships.

Computing power is produced much like utilities such as power

and water are produced for consumers.

Users will have access to “"power” on demand

When the Network is as fast as the computer’s internal links,

the machine disintegrates across the Net into a set of special

purpose appliances”

= Gilder Technology Report June 2000
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505 The Grid Architecture Picture

T,
User Portals g’lﬁ
Problem Solving === Application Science
Grid Access & Info Environments Portals
Sefvigce Layers . Resource Discovery
o Co- Scheduling & Allocation Fault Tolerance
= F *
Authentication Naming & Files Events

[[Resource Layer Computers Data bases Onlige instruments

Software

High speed networks and routers 10
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S S Globus Grid Services

=

the glabus 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

=

SIS Bagic Grid Building Blocks

Computational Resources
IBP — Internet _ome

\_\ o D Backplane g Clusters

| e Protocol is

= middleware for

et =5 o managing and
- E s | using remote

o storage.

NetSolve - Solving
computational
problems remotely

§Condor—

: : ¢ harnessing idle
....................... REMOE Lusveeiveeneannnand o tionS
Chpt for high-throughput 12

computing
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Maturation of Grid Computing

Research focus moving from building of basic

infrastructure and application demonstrations to

L1 = Middleware

& Usable production environments

Application performance

= Scalability = Globalization

Development, research, and integration happening

outside of the original infrastructure groups

6rids becoming a first-class tool for scientific

communities

= 6riPhyN (Physics), BIRN (Neuroscience), NVO (Astronomy),

Cactus (Physics), ..

[T

:HQESH]JB}LB Broad Acceptance of Grids as a Critical

=

Platform for Computing

\A/

Widespread interest from government in

developing computational 6rid platforms

FEEFEr Ry A ]
1\

A -.-.-,: e s
B r

e

NSF's Cyberinfrastructure

NASA'’s Information Power Grid

DOE'’s Science Grid 14
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r@@ﬂﬁﬁjﬁ Broad Acceptance of Grids as a Critical

=

S Platform for Computing

Widespread interest from industry in

i+ developing computational 6rid platforms

IBM, Sun, Entropia, Avaki, Platform, ..

- On August 2, 2001,
. ~=IBM announced a new +
- orporate initiative to
I 'support and exploit ’ 1
| | Grid computing. AVAKI

AP reported that IBM

was investing $4

billion into building 50 ﬂ

computer server farms 2
o ENTROPIA..

around the world.

UNITED

e DEVIGES™

=

i USTIRG

SETI@home &

Use thousands of Internct N

connected PCs to help in

the search for

extraterrestrial

intelligence.

Uses data collected with

the Arecibo Radio The results of this
Telescope, in Puerto Rico analysis are sent back to
When their computer is idle the SETI team, combined
or being wasted this with the crunched data
software will download a from the many thousands
300 kilobyte chunk of data of other SETI@home

for analysis. participants.
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T-'%ﬂﬂ]ﬁi[ﬁ Grids Form the Basis of a National

Information Infrastructure
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ugust 9, 2001: NSF

Wwarded $53,000,000

to SDSC/NPACI

and NCSA/Alliance

for TeraGrid

TeraGrid will EEfEEEE
provide in FIITIS
aggregate
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5D rivers Wanted

Where are new 6Grid

researchers and developers
_|being trained

How many CS departments

have faculty with a focus in

6rid computing

How can we increase the

number of students with

expertise and experience in

6rid computing

= Authors of the Grid Book will not

live forever ... &

-

FHYe UTK' s Grid Research Effort

et

Create a Grid prototype on one campus and

leverage locality of all resources to produce

vertical integration of research elements:

& Human collaborator (application scientist)

& Application software

« 6rid middleware

« Distributed, federated resource pool

On site collaborations with researchers from

other disciplines will help ensure that the

research has broad and real impact.

Interaction, validate research, test bed, try out

ideas

20

10
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%ﬂ-ﬁﬁjﬁThe Scalable Intracampus Research Grid for

=

=

Computer Science Research: SINRG

NSF Funded Computer Science CISE

Infrastructure Project, additional support

from Microsoft Research, Dell Computer, & Sun

Microsystems

Build a computational grid for Computer Science

research that mirrors the underlying

technologies and types of research collaboration

that are taking place on the national technology

grid

21
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ST eam of Investigators

CS Grid iddleware

Domain Application

Research ( Gang of our ) Collaborators

« Jack Dongarra

= Don Bouldin (EE)

p :f:l:/vif:l: = Peter Cummings (ChE)
p Jim Plank = Lou Gross (CME)
CZ aculty = Tom Hallam (CME)

= Gary Smith (Radiology)

& Michael Berry

& Christian Halloy (JICS)
=« Jens Gregor

= DeWitt Latimer (DII)

& Michael Langston

= Michael Thomason

= Bob Ward

22

11



Computation

e « used to run Grid

controlware

& Committed dynamically
to augment other CPUs

on 6rid

Storage

= State management

» data caching

» migration and fault-

tolerance

Network

# allows dynamic

reconfigutation of

]_i PRI . .
Y5 Resources: Grid Service Cluster

(Communication Switch

== 1 Gh for each link)

manmadity dintes, SMF,
patiin handuare. i

resources 0%
il
M
| SIDIRE ceosia
Ult raSPARC
Pert im Cluster
TORC
100Mbps
100Mbps
155Mbps
100Mbps
100Mbps ﬁ
: GeniiLa Ve
Ult raSPARC N ;’;‘3
Hydra Lat Cluster
SPARCS5
10Mbps
UTt FDDI
Bacitae
Bl SP2 24
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3 H@ﬂfj}ﬂﬁ[ﬂ University of Tennessee Deployment:
Scalable I ntracampus Research Grid SInRG
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=M ddleware Research

Challenge: Provide a

solid, integrated, high- NWS/AppLES

performance computing EveryWare

platform despite

= Widely varying load

conditions

&

Other Grid

= Non-dedicated, Middlewars

SInRG

Compananis

heterogeneous and

federated resource pool Infrastructure

= Faults, power failures,

tball s, efc.
football games, e Fault-Tolerance

Integration is key and

non-trivial

= NetSolve, NWS, IBP

must be able to work

together and with other

middleware not-

¥ 26
invented-here

15



= Comprenensive

=
t

KRG
" Research Approach

NetSolve (Dongarra)

MWEAppLES

programming abstractions and resource contro

|| [Internet Backplane Protocol (I1BP - Beck, Plank)

& distributed storage management

Network Weather Service (Wolski)

= dynamic performance prediction

Fouf=-Toleranog

EveryWare (Wolski)

toolkit for leveraging multiple Grid infrastructures

and resources to build adaptive programs

G-Commerce (Wolski, Plank)

Provably stable market-economies for the Grid that

support dynamic resource allocation

Fault-tolerance (Plank, Dongarra)

& process robustness and migration

27
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5 ISTRG

Application Collaborationsin SINRG

All developing apps

targeted for SInRG

Apps will drive CS Pveryware

research

Model of national e

Components

grid community

Apps committing

Fault-Tolerance

personnel

and equipment

All collaborative work supports the Grid

research agenda.
28
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SIS A pplications Research

Advanced Machine Design (Bouldin, Langston)

L = Adaptive, reconfigurable computers

Medical Imaging (Smith, Gregor, Thomason)

& High-performance image reconstruction

Computational Ecology (Gross, Hallam, Eerry)

« Large-scale, coupled simulations of diverse

ecosystems

Molecular Design (Cummings, Ward)

& Computational chemistry

29
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Sl SINRG

.
SInRG provides a testbed F':'("' g
= CS grid middleware 14 S

= Computational Science application

Many hosts, co-existing

in a loose confederation

tied together with high-speed

links.

Users have the illusion of a very

powerful computer on the desk.

Spectrum of users

| o =i
it

30
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KRG

Summary

SInRG constitutes a novel Grid research
approach

& Empirical

& Vertically integrated and collaborative

« Both technology and applications driven

& A real research project

UT 6rid research efforts are drawing
national international attention

« Burgeoning user communities for software artifacts

« Research and infrastructure funding
« Persistent installations

31
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SIRG

Client-Server Design
Non-hierarchical system

Load Balancing and Fault Tolerance  &£=
Heterogeneous Environment Supported
Multiple and simple client interfaces

Built on standard components

Motivation for NetSolve

Desmn a tod toprovie

ad access toa of

sceltifcpaciagesa W KaadWidav’s

plat fom s

32
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EHSlE  NetSolve Network Enabled Server

NetSolve is an example of a 6Grid based

hardware/software 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

Other examples are NEOS from Argonne and

NINF Japan.

33
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[ S NetSolve
Target not computer scientist, but domain
scientist

Hide logistical details

& User shouldn't have to worry about how or where (issues

about reproducibility)

Present the set of available remote resources as

a "multi-purpose” machine with a wealth of

scientific software

34
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NetSolve: The Big Picture

Client Schedule
E <
v—_—"--
Matlab
IBP Depot
Mathematica
C, Fortran Ej »
Java Exed T e

No knowledge of the grid required, RPC like.

NetSolve: The Big Picture

Client Schedule

Database
)
e &
Matlab el
Mathematica \ IBP DepOt

)
/
C, Fortran Ej /",,»—'

Java,Exed T eemmmen T

No knowledge of the grid required, RPC like.

16



NetSolve: The Big Picture

Client Schedule
[& U
— A%
= %/G

Matlab e il * S
IBP Depot

M athematica \ L

C, Fortran Ej ‘/,,——"/

Java,Exed T eemmmn T

No knowledge of the grid required, RPC like.

NetSolve: The Big Picture

Client Schedule
Database
Request
— S2!
Matlab
IBP Depot
Mathematica epo
C, Fortran .
Java Excd 00 <IN. &, \ T e

No knowledge of the grid required, RPC like.

19



FifeTmp Basic Usage
L= igolnRG )
Scenarios
6rid based numerical library
routines
| | | = User doesn't have to have software .
library on their machine, LAPAC , Computing
SuperLU, ScaLAPAC , PETSc, =« Does not require deep
A TEC, ARPAC knowledge of network
Task farming applications programming
“Pleasantly parallel” execution = Level of expressiveness right
= eg Parameter studies for many users
Remote application execution = User can set things up, no
& Complete applications with user “su” required
specifying input parameters and = In use today, up to 200
receiving output servers in 9 countries
Can plug into Globus, Condor,
NINF, ..
39
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SIEEN etSolve Agent

Name server for the

system.

Information Service

Resource scheduler

regarding the

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

& maintains both static and dynamic information

NetSolve server components to
use for the allocation of resources

40
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SN et Solve Agent

Resource Scheduling (cont'd):

&« CPU Performance (LINPAC ).

= Network bandwidth, latency.

« Server workload.

= Problem size/algorithm complexity.

server.

« Notifies client of most appropriate server.

& Calculates a "Time to Compute.” for each appropriate

41
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sl etSolve Client

Function Based Interface.

Client program embeds call

from NetSolve's API to access

additional resources.

Interface available to C, Fortran,

Matlab, and Mathematica.

Opaque networking interactions.

NetSolve can be invoked using a variety

farms, ..

of methods: blocking, non-blocking, task

42
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HS51iN etSolve Client

Intuitive and easy to use.

=A matmul(B, C)

A = netsolve( matmul’, B, C);

» Possible parallelisms hidden.

Matlab Matrix multiply e.g.:

43
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SN et Solve Client

Agent returns list of servers.

Client tries first one to

solve problem.

Client makes request to agent.

44
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— NPACI AlphaProject - MCell:

QM
SIEY 3 b Monte-Carlo Simulation of Neuro-

Transmitter Releasein Between Cdlls

*UCSD (F. Berman, H. Casanova, M. Ellisman), Salk I nstitute (T.

Bartol), CMU (J. Stiles), UTK (Dongarra, M. Miller, R. Wolski)

L «Study how neurotransmitters diffuse and activate receptor s in synapses

*blue unbounded, red singly bounded, green doubly bounded closed,

yellow doubly bounded open ”

OMPUTATIONAL
SCIENCE & ENGINEERING

Int]

|PARS-enabled
Servers
NetSol I
rhee| cien Net & IPARS
. |

Integrated Parallel Accurate Reservoir Simulator.

= Mary Wheeler's group, UT-Austin

Reservoir and Environmental Simulation.

= models black oil, waterflood, compositions

= 3D transient flow of multiple phase

Integrates Existing Simulators.

Framework simplified development

= Provides solvers, handling for wells, table lookup.

= Provides pre/postprocessor, visualization.

Full IPARS access without Installation.

IPARS Interfaces:

= C, FORTRAN, Matlab, Mathematica, and Web.

46
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SN etsolve and SCIRuUN sciRun torso

defibrillator
application —

File PSE Common SCIRun Uintah Statistics  Help

Loading package ‘/keviarmomes/miller/PS EisrcDaveWihDavew.so” with TCLPath “Keviarmomes! S J 0 S 0 1
miller/PSE/sre/DaveW/GUI"
Loading package Ikevlarlllnmes!mllIErIPSElsmlPSECnmmmlIllllPSEmmmnn S0’ with TCLPath ‘e
viarmomes/miller/PSE/srcfPSE Common/G | O a
Loading package avtorhamesmlor P Efor/SCIRUAIBS IRt 50" with TCLPath Keviaromes
AmillerfPSEfSro/SCIRUNGUI"
Loading package ‘keviaromes/miller/PS E¢srciUintahfib Uintah.So’ with TCLPath ‘fkeviarhomes/

I
oloPMaps fle Edit Renderer Spawn Dialbox Visual
3.08 [T _I 0.01 |—
‘ GenSurface GenSurface
2.70 [ 042 [

—

-
InsertDelaurnay

6.01 [T

| | BuldFEMatrix

0,01 [ MakeScalarField m S:lrl;v(iwm

- =
SolveMatrix isualize Matrix IsoSurface CuttingPlane

T ] TS m— e 2

4 | SurfaceReatier
JE— 0.40 [
=

SurfToGeom

T amiine : ! 2 161937 polygons in 0.41 seconds. = e
w_‘ ”4:,. ﬂm:,:m‘ Q Set Home View jﬁ&j
Go home. |

=i pINRG

NetSolve: A Plug into the Grid

| C ||Fortran|

bl

dtoware NetSolve

Globus etSolve Condor
proxy proxy proxy

45
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L NetSolve: A Plug into the Grid

Resource Discovery Fault Tolerance

System Management Resource Scheduling

L NetSolve: A Plug into the Grid

i PSE
|l front-ends

SCIRun Matlab Mathematica § Custom

Remote procedure call

Resource Discovery Fault Tolerance

System Management Resource Scheduling

25
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[l

tiehH @ﬂﬁﬁi:ﬁ DEMO

Monitor

Simple calls

Non blocking calls
Sparse matrix software
6raphic Mandelbrot
6raphic quaduature

51
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SINRG

=]

COMPUTING AT UT

8:30 am - Coffee and Rolls

9:00 - 11:00 The 6rid and SInRG - Jack Dongarra and Micah Beck
The Grid and its Technologies
SInRG Middleware: NetSolve
SInRG Middleware: Internet Backplane Protocol (IBP)

11:00 -12:00 SInRG Application Talks

Introduction to Condor - Todd Tannenbaum, U of Wisconsin
Computational Ecology - Lou Gross

Advance Machine Design - Don Bouldin

12:00 - 1:00 Lunch ("on your own')

1:00 - 4:00 SInRG Technical Session - Tutorials:
How to use NetSolve - Michelle Miller
How to use IBP - Scott Atchley
How to use Condor - Todd Tannenbaum, U of Wisconsin

4:00 End
52

SEMINAR AND WORKSHOP ON GRID
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