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Grid Computing in the News
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Real World Distributed Applications

e SETI(@home

— 3.8M users 1n 226 countries
— 1200 CPU years/day

— 38 TF sustained (Japanese
Earth Stmulator 1s 40 TF peak)

— 1.7 ZETAflop over last 3 years
(10721, beyond peta and exa

e b \

\
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— Highly heterogeneous: >77
different processor types

4 ﬂ Credit to Fran Berman



Progress in Grid Systems

Network
puting (socke

upercomputin

\(PVM/MPI)

s)
Web Computing DO Computing
(scripts) (CORBA)
Client/serve

Object Web

igh-throughput
computing

Aigh-performance
computing

Condor Globus Web Services

Semantic Grid Grid Systems




Progress to the Grid
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Single Super- Cluster
processor computer

Computers
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computer



A metaszamitogépek megalkotasanak

eredeti motivacioi

* Az un. nagy kihivast jelento problemak
megoldasa heteket sot honapokat vesz
1génybe meg a szuperszamitogepeken is

!

» Kiilonb0zo szuperszamitogepeket €s
klasztereket kellett 6sszekapcsolni
tavolsagi halozatokkal annak érdekeben,
hogy a fenti problémakat €sszerti idon beliil
meg lehessen oldani




A metaszamitogep eredeti jelentese

Szuperszam. Tavolsagi
o /4 ® —I_ /4 |4
technologia halozat

A metaszamitogép eredeti célja

 Nagyobb teljesitményt elérni, mint az
egyedi szuperszamitogeépek/klaszterek
tudnak biztositani




Distributed
Supercomputing

Caltech
Exemplare [gsues:

— Resource discovery, scheduling

NCSA
Origin

Maui — Configuration

Argonn SP

sP — Multiple comm methods
— Message passing (MPI)
— Scalability

— Fault tolerance

SF-Express Distributed Interactive Simulation
A milka~la 1ICMN/ITCT



Masodik lepés a metaszamitogépek fele

Szuperszam. WAN Elosztott
technologia technologia rendszerek

Metaszam.gépek
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Mi is a metaszamitogep?

* A metaszamitogép olyan
szamitogépek egyiittese, amelyek
— heterogének minden szempontbol
— foldrajzilag elosztottak
— tavolsagi halozattal vannak 6sszekotve

— egyetlen komputer kepét alkotjak (SSI)
* Metaszamitas jelentese:
— halozat alapu
— elosztott szuperszamitéogép technologia
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Tovabbi motivaciok a

metaszamitogéepek megalkotasara

« A tavolsagi halozattal elerhetd szamitasi €s
egyeb eroforrasok hatekonyabb
kihasznalasa 1

e Kiilonbozo szamitogepeket kell tavolsagi
halozattal 0sszekotni a szabad ciklusok
kihasznalasara

« Kiilonbozo specialis keszulekeket kell
tavolsagi halozattal osszekotni kollaborativ
munka biztositasahoz
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Motivaciok a GRID infrastruktura

megalkotasara

e Olyan szamitasi ¢s adatfeldolgozasit GRID-
et lIetrehozni, amely hasonloan szeleskoru,
mint az informacio elérése a weben

!

« Barmely szamitogepet/kesziileket celszerl
0sszekotni tavolsagl haldzattal, hogy
univerzalis feldolgozo kapacitast nyerjink

!

* Grid = altalanositott metaszamitogep
13 technolOgia




A GRID megalkotasahoz vezeto

technologiak

Szuperszam. WAN Web
technologia technologia technologia

e
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Miis a GRID?

* A GRID olyan szamitogépek,
taroloegysegek ¢s egyeb kesziilekek
egylittese, amelyek

— heterogének minden szempontbol
— foldrajzilag elosztottak
— tavolsagi halozattal vannak 6sszekotve

— egyetlen komputer kepét alkotjak (SSI)

o Az altalanositott metaszamitasi
technologia (GRID) jelentése:

— haldzat alapu
— elosztott adatfeldolgozasi technologia
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A GRID alkalmazasi teriiletei

e High throughput computing
e Virtualis laboratorium
— Kollaborativ tervezés

 Adat intenziv alkalmazasok

— adatbanyaszat, részecskefizika

» Foldrajzi informacios rendszerek

* Tavoli jelenlét (tele-immersion)

Vallalati rendszerek

16



Real World Distributed Applications

e SETI(@home

— 3.8M users 1n 226 countries
— 1200 CPU years/day

— 38 TF sustained (Japanese
Earth Stmulator 1s 40 TF peak)

— 1.7 ZETAflop over last 3 years
(10721, beyond peta and exa
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— Highly heterogeneous: >77
different processor types
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Minimal Communication Applications

MCell -- Simulation of
neuromuscular synaptic
transmission

» Uses Monte Carlo diffusion and
chemical reaction algorithm in 3D to
simulate complex biochemical
interactions of molecules

 Molecular environment MCell Animation
represented as 3D space in which
trajectories of ligands against cell
membranes tracked

« Ultimate Goal: A complete
molecular model of neuro-
transmission at level of entire cell

TERON



Online Instruments

wide-area
disseminatio

!D';'""'_-;T. ...

desktop & VR
clients with
shared controls

lelelelelele

eal-time gr— o = archival
ollection ). torage

t graphic
reconstruction
DOE X-ray source grand challenge: ANL, USC/1ISI, U.Chicago




Telescience — Collaborative Engineering

VAT

“« Links computation and data management to
unique, expensive instrumentation
* Requires advanced visualization tools for
segmentation and analysis of the data
* Provides critical database of biological structure
info for neuroscientists

DATA ADVANCED
ACQUISITION VISUALIZATION

3D Model of the
Node of Ranvier

COMPUTATIONAL
RESOURCES

LARGE-SCALE

IMAGING
2OINSTRUM NTS DATABASES



Az “alom” alkalmazas

El6z6 szimulacio
Tavoli eredményeinek viz.-ja
R Aol egy bécsi kavéhazbo

ngelesben megfigyelés

Berlinbol
\kvifeliihetek

megfigyelés é
monitorozas
Ferihegyrol

Globus

1. Cactus web
portalrol indito
szimulacio

Grid Kkiterjesztésii .
(Roma)

Cactus futasa elosztott
szuperszamitogépeken
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Lt High-Throughput Computin
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* Schedule many

| ston | sutdown | out | independent tasks
P endline ,,E@ ~ Parameter studies
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TTT1T — Resource discovery
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Application

Environmgents ‘ | ‘

Application
Support

Grid Common

Services

Grid Fabric
- local
resources

Generic Grid Architecture
A

MPI CONDOR CORBA JAVA/JINI

Information
Services
Global
Sceduling
Data Access
Caching
Resource
Co-Allocation
Authentication
Authorisation

Tertiary Online Scientific

Communications
Storage Storage nstruments

23
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“roblem Solving Environments

mnps:

— Problem solving env. for
computational chemistry

— Application web portals

Issues:

— Remoﬂe job submission,
monitgring, and control

— Resource discovery
— Distributed data archive

— Security

— Accounting

24
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%

H Black Holes (prime source for GW) —
from Misner BH collisions to grazing
BH collisions with initial spin and

momentum (Brandt-Bruegmann initial
data)

H Gravitational Waves (Evolution of Brill
Waves, collapse of pure GW,
investigation of critical amplitude, i.e.
when do black holes form)

H Neutron Stars (NASA Neutron Star
Grand Challenge, GR hydrodynamics,
neutron stars colliding to black
holes,...)
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personal
Condor

High throughput Computing:
Condor

o C¢l: A gridben 1évo
szamitogépek szabad ciklusainak
kihasznalasa

 Megvalositasi lepesek (1): A
szemelyes PC v. munkaallomas
atalakitasa szemelyes Condor

geppe



High throughput Computing:
Condor
Condor
‘ jobs
Condor csopor

O O

* Megvalositasi lepesek (2):
Intézet1 Condor csoport
Iétrehozasa

2%



High throughput Computing:
Condor

* Megvalositasi lepesek (3):
Intézet1 Condor csoport
osszekapcsolasa mas
“pbaratsagos’” Condor
csoportokkal.

SZTAKT klaszte
Condor csopor



* Megvalositasi lepések (4): Grid
er6forrasok ideiglenes kihasznalasa - Magyaro.-i Grid




Processzorak
szama

30

NUG30 kvadratikus allokdldsi probléma

« Megoldva 7 nap alatt 10.9 év helyett
e Az elso 600K masodperc ...

|

1000

Q00 -

SO0 -

L

[T

200 o

00

300 F

200

i

1
1o

1
200000

1
S00000

1
CNTe e

1
DOOO00

1
B

FOOO00



31

A NUG30 kiserletben alkalmazott

szamitogépek

Baratsagos Condor csoportok:

-- the main Condor pool at U. of Wisconsin (600 processors)
-- the Condor pool at Georgia Tech. U. (190 Linux boxes)

-- the Condor pool at UNM (40 processors)

-- the Condor pool at U. of Columbia (16 processors)

-- the Condor pool at Northwestern U. (12 processors)

-- the Condor pool at NCSA (65 processors)

-- the Condor pool at INFN (Olaszo.) (200 processors)

Grid eroforrasok:
-- Origin 2000 at NCSA
-- Origin 2000 at Argonne National Lab



32

The Condor mode/

Match-maker

Resource requirement

Resource

Publish
(configuration description)

requestor

TCP/IP

Resource
provider

Your program moves to resource(s)

4

Security is a serious problem!



GRID/metaszamitasi rendszerek

létrehozasanak komponensei

* Programozasi modell

* Architekturalis komponensek
« Middleware

e Programozasi kornyezet
 Utemezés és er6forras kezelés

« Kommunikacios rendszerek és
protokollok

» Rendszer problémak megoldasa (pl.
biztonsagi kérdesek)
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ystem Users

scientists and engineers
5ing computation to
ccomplish Lab missions.

Intelligent Interface

A knowladge-based environment
that offers users guidance

on complex computing tasks.

Middleware
Software tools that
enable interaction
among users, applications
and system resources.

Cluster Operating System
The software which coordinates
the interplay of computers,
hetwarks and storage.

Supercomputing
Heterogeneous collectio
of high-performance
computer hardware and
software resources,

Networking

The hardware and
software that permits
communication amang
distributed users and
compuler resources,

Mass Storage

A collection of devices
and software that allow
temporary and long-term
archival storage of
information.



Programozasi modellek

« Uzenet alapu
— PVM, MPI, PVMPI, Globus, PLUS

Makro adatfolyam (data-tlow)
— Webflow, Legion

Objektum-orientalt modellek
— Java, CORBA, DCOM, Legion, Globe

Intelligens mobil agensek

— applet, servlet

35



Processz kommunikacio

PVM és MPI kozott PLUS segitsegével

C+PVM Kklaszteren
j C+MPI szuperszamitogépen
-
O—@+—@—O
e
plus_init() plus_init()
pvm_send() MPI_receive()
plus_exit() Fro el plus_exit()
@ | - - O
halozat

O pvMdémon < PLUS démon

36



Middleware koncepciok

* Hol helyezkedik el a middleware?

* A muddleware c¢lja:
— Egy radikélisan heterogen kornyezetet
virtualisan homogen rendszerré alakitani
 Harom 6 koncepcio:
— Toolkit (mix-and-match) modell
* Globus

— Objektum-orientalt modell
» Legion, Globe

— Internet-www modell
 Webflow

37



Globus Layered Architecture

Applications

GlobusView Appl ication Toolkits Testbed Status

B W oo oo wmoos (SN

Grid Services
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A Globus homokora koncepcioja

Magasszintu szolgaltatasok

MPL CC-Lt Eroforras
TCP, FTP, Hl;C++ : brokerek,
HTTP, stb. CORBA ? b Eroforras ko-
5 3k allokatorok
Internet Nex GRAM
protokoll ‘ protc protokoll
Ethernet, ATM, Uzenetatadas, Condor,
FDDI, stb. k6z6s memoria, LSF, NQE,
IP, stb. LoadLeveler, stb.

Alacsonyszintu eszkozok



obus nierarcnicai resource mahagemen

architecture

Run DIS

with 100K
RS
Applicati Information
pplication Ground )
RSL service
(MDS-2)

80 nodes on
Arg SP-Z,
256 nodes on Co-allocators

Run SF-
express on

Run SF-

express on
Argonne ‘ SDSC
Resource Resource
Manager Local resource Manager
40 managers
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The &lobus Model/

MDS-2 AP

Info system
(MDS-2)

Resource
requestor

Publish

(configuration description)

<
GRAM API

Resource
provider

Your program moves to resource(s)

i

Security is a serious problem!



m “Standard” MDS' Architecture (MDS-2)

* Resources run a standard information service (GRIS) which speaks LDAP
and provides information about the resource (no searching).

* GIIS provides a “caching” service much like a web search engine.
Resources register with GIIS and GIIS pulls information from them when
requested by a client and the cache is expired.

» GIIS provides the collective-level indexing/searching function.

Resource A
Client 1 et Wapiubaii %7 Yo
Clients 1 and 2 request info > GRIS Resource B
directly from resources. T
Client 2 [« GI}IS

IIS requests information fro
Client 3 uses GIIS for searching RIS services as needed.

collective information.

Client 3

GIIS l

“ ache contains info from A and

42
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Grid Security Infrastructure (GSI)

Proxies and delegation (GSI

PKI for Extensions) for secure single
credentials y—on
Proxies and Delegation SSL (Secure
Socket Layer)
for
Authentication

SSL. <«—
and message

protection




OO prog.
kornyezet

Legion + |Halozati OS

e Magasszintli funkcidkat €pit egy egyszeri
unifikalt objektum modellre alapozva.

— Az objektumok processzek, amelyek a
munkaelosztas, iitemezés €s er0forraskezelés
alanyai

* A software IC concepciot valositja meg a
makro-dataflow technikara alapozva

44



Commodity 3-rétegu architekturak

Elosztott Web
Objektumok architektura
\ ﬂ J \ ﬂ /
CORBA alapl'l\ " Java alapt A
metaszamitasi commodity
_ rendszerek rendszerek

-
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Egyesitett 3-retegu metaszamitogép

Kliens
Web applikécio Elosztott
szerverek Y parhuzamos
MPI komponensek
W CORBA  pcs

< Internet
HTTP

W3 w4 W\ﬂﬁ . CORBA

Stubs
IHOP

skeletons
Eﬁi Adatbazi Halozati szerverek

szolgaltatas

46
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Programozasi kornyezetek

e Toolkit alapu
— Cactus
— Paderborn toolkit;

 PLUS kommunikacids kornyezet

* Resource and Service Description (RSD)
* Integralt kornyezetek
— P-GRADE GRID verzioja
« Applikacio specifikus kornyezetek
— NetSolve
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A GRID halozatban rendelkezésre alldo eroforrasok
kihasznalasa numerikus szamitasokhoz

F6 koncepci0: kliens - szerver - agens

Ela totor MPP parhuzamos szam.gép

, kérés valasztas
O e el ke |
—-__agens agens
O O O O
munkaallomasok munkaallomasok



NetSolve

Hardware: C h Oic e

Clusters

\71d

Workstations

Globus,Condor, MPLLPVM

Matlab
athematica Ag ent

113 ] Excel
~ o 42 A o = RequeSt Scheduler
= =2 E a Database




NetSolve Infrastructure

PSEs and
Applications

e N

Middleware

Metacomputing
Resources

Matlab SCIRun Custom
C Fortran

Resource Discovery

System Management

Fault Tolerance

Resource Scheduling

Condor
proxy

Condor




# Alliance Partners | + Internet2 NOC

& NPACI Partners b |3 vBNS Connections:
¥ Supercomputing Projecis v — DS3 (45 Mbps)
o Virtual Reality Environments - ~— QC3 (155 Mbps)
PACI Communities: — 0OC12 (622 Mbps)
[ CIC [ SURA B EPSCoR == (QCA48 (2.48 Gbps)

' NSF National Technology Grid




Hol tart ma az USA? - TeraGrid

MTA
574p 1A-32
Chiba City
56p HP -
X-Class 128p Origin
28p HP HR Display &
2500 VR Facilities
p 1A-32 N HPSS

HPSS

Argonple " | *

UniTre

TeraGrid Partners 1 1 024p 1A

= Alliance Pariners
176p IBM SP N 320p 1A
—— Abilene B

lue Horizon = AHilena Parti
1500p Origi
Sun E10K
\\W L LY || |

[ |
S0 T TR W
NCSA: Compute-Intensive
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Fundamental grid functionalities

* The essential grid functionalities are:
— Resource abstraction

 Physical resources can be assigned to virtual resource
needs (matched by properties)

» Grid provides a mapping between virtual resource needs
and physical resources

— User abstraction

 User of the physical machine may be different from the
user of the virtual machine

* Grid provides a temporal mapping between virtual and
physical users

53 ||



Conventional distributed environments

Smith

4 nodes A

smith@n1.edu

.

smith@n1.edu

I ‘ smith@n2.edu ‘

and grids
Smith /'
4 CPU, m
memory,
storage
°
Smith1CPU | — ‘I'
| |
ON ON
Ae o

e o om4d_ o oh
4m e 0 ‘A-o

/ griduser@n1.edu

p12@n2.edu



Grid rendszerek fejlodése

upercomputing Network
(PVM/MPI) smputing (socke

Cluster

I computing

igh-throughpu igh-performanc
computing computing

S)
Web Computing DO Computing
(scripts) (RMI)
Client/serve

Object Web

Condor Globus

59
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Osszefoglalds

* A GRID/metaszamitogép egy Uj u
technologia, amely integralja: .y, /

— a szuperszamitogép technologiat

cr 7

— a WWW technologiat

. B

* A Grid egy uj, az eletromos aramot eloszto
halozathoz hasonlo infrastruktura
kialakulasahoz fog vezetni

Ez az uj infrastruktura a www technologiahoz
hasonloan oriasi hatassal lesz az informatikai
tarsadalom tovabbfejlodésére




Szuperszamitogépek, klaszterek és

metaszamitogépek osszehasonlitasa 1.

Supercomputer | Cluster NOW Metacomputing

system

Processing units | Microprocessors | PCs, PCs, Supercomputers,

(nodes) workstations | workstations | clusters, PCs,
workstations

Number of 100 - 1000 10- 100 10-100 100 - 10000

nodes

Communication | Buses, switches | LAN LAN Internet

network

Node OS Homogeneous Typically Typically Heterogeneous

homogeneous | heterogeneous
Inter-node Nonexistent Rarely Necessary Necessary
security required

S “
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metaszamitogépek 0ss

zehasonlitasa I1.

Supercomputer

Cluster

Metacomputing

system

Programming ® Shared memory |® Shared memory |® Message passing
models ® Message passing | ® Message passing | ® Client-server
® Peer-to-peer ® Code shipping
® Client-server ® Proxy computing
® Intelligent
mobile agents
Programming ® HPF ® HPF ®* HPF
language ® (C/Fortran)+MPI |® (C/Fortran)+MPI | ® (C/Fortran)+MPI
® Java/CORBA
Middleware ® No ® Limited forms ® Toolkit approach
® Three-tier
commodity
(Java/CORBA)
® Object-oriented
Programming ® Toolkit approach | ® Toolkit approach | ® Toolkit based
environment ® Integrated ® Integrated ® Application
environment environment specific
® Integrated
environment
Resource allocation | ® Mapping ¢ Mapping ® Resource
® Load balancing ® Load balancing manager
No No Yes

QoS

- T

- T

-~ v




Koszonom a figyelmiiket

Tovabbi informaci6: www.lpds.sztaki.hu
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