DE CLUSTER A CLOUD
(VISION PRACTICA)
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CLUSTERING




5Qué es un cluster?

Supercomputador del “hombre pobre”

“... collection of interconnected stand-alone computers
working together as a single, integrated computing
resource” — R. Buyya
Cluster compuesto por:

Nodos

Red

SSOO

Cluster middleware
Componentes estdndar

Elimina componentes caros



Arquitectura cluster
I

Frontend

Ethernet

Red de alta velocidad



Arquitectura cluster

Los nodos son PC Nodes are Individual PCs
1 o 2 procesadores (Pentium, Athlon, Opteron, Itanium)
Memoria (al memos 1 GB por procesador)
Almacenamiento local (20 o mds GB)
Sistema operativo
Bibliotecas y software

Espacio Swap

Conexiones de red(es)

Ethernet
Sesiones (SSH)

Monitorizacion

Sistema de ficheros de los usuarios (NFS)

Myrinet o Infiniband o Quadrics (opcional, pero muy extendido)
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HLRS
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Caso real: MareNostrum




Caso real: FINISTERRAE




Caso real: Teragrid

1 http://www.teragrid.org

Search TeraGrid

TeraGrid

Username:

Password:

Login |

What is the User Portal?

Search the Knowledge
Base

Get a TeraGrid
Allocation

o Email Helpdesk
/Support

{AboutJ NewleutreachJ Science Gateways

User Support ’

y

Science Highlights

= Learn About Science

& Gateways

The Fuel Cell Cometh

w., Explore Advanced
Support for TeraGrid
Applications

r:ma‘ See the Sitemap
=

05/22/2007: Atkins to Speak at
TeraGrid 07

05/11/2007: PSC Provides Major
Support for Unprecedented NOAA
and University of Oklahoma Storm-
Forecast Experiment

N

-

Calendar of Events

Education, Outreach, and Training Events
A sample of the many events listed on the EOT page:
06/03/2007: Introduction to Interdisciplinary Computational
Science Education for Educators at Buffalo State College in
Buffalo, New York
06/04/2007: TeraGrid ‘07 - Broadening Participation in TeraGrid
06/14/2007: TACC - Introduction to Parallel Computing
06/17/2007: Integrating Computational Science into the

Undergraduate Curriculum at Ohio Supercomputer Center in
Columbus, OH

-

New to TeraGrid?
Want to request a TeraGrid allocation? Need info on setting up or
using a new account? Want to create a Science Gateway or publish
a Data Collection? Check out our Getting Started Guide for a

L comprehensive introduction to TeraGrid resources.

Spotlights

Catlett Discusses TeraGrid Leadership
Transition -- "2007 is going to be the real
breakout year for TeraGrid," Catlett says

TeraGrid Testimonial Video

The scientists and engineers who use the TeraGrid discuss
how it advances their research in this short video.

TeraGrid '07: Broadening Participation in
TeraGrid

Conference Registration is Open!

Registration is open for the second annual TeraGrid conference
-« "TeraGrid ‘07: Broadening Participation in TeraGrid. Please
visit http:/AMww.union.wisc.edu/ teragrid07/ registration.html for
registration details.

One of the country’s preeminent leaders in information
technology, Anita K. Jones, will deliver the keynote speech at
TeraGrid ‘07, the second annual TeraGrid conference, June 4 -
8 in Madison, Wisconsin. Additional noted leaders in
cyberinfrastructure who are invited to speak include Dan Atkins,
of the Office of Cyberinfrastructure at NSF, Philip Maechling,
who leads earthquake modeling at the Southern California
Earthgquake Center (SCEC), Paul Strong of eBay Research
Labs, who directs strategy for eBay's infrastructure and
enterprise management, and Ray Rose, who is helping to shape
the nature of e-learning efforts in the United States.




Instalaciéon de clusters (Rocks)

Distribuciéon para cluster (Red Hat)

Permite fdcil instalacién y administracién del cluster
Instalaciéon automdatica (PXE Boot, DHCP)

Gestidn de usuarios (cuentas, replicacién,...)
Sistema de ficheros compartido (NFS)

Servicios del cluster
Gestor de tareas
Monitorizacidn

Interfaz Web

Alternativa: Linux ->QOSCAR
Windows -> Windows 2008 HPC server



Configuraciéon de Rocks

Nodo Front End

Tiene dos interfaces de red (Ethernet)
Una red externa — Firewall excepto para SSH
Una red privada entre los nodos de cdmputo

Discos exportados via NFS
Distribucién Rocks

Directorios de usuarios

Nodos de cémputo: Net Boot y DHCP

Virtual (SSH y Xterm-based) KVM para monitorizar la
instalacién

Comunicacién entre los nodos y el front end via SSH
Los usuarios solo hacen login al Front End — Compilacién



Cofiguracion de Rocks

Nodos de cdmputo desechables

En el primer arranque se instala y configura (usando
RedHat’s Kickstart)

Después del primer arranque, se pueden anadir nuevas
extensiones de Rocks

Si un nodo falla, simplemente se reemplaza
Ventajas
No hay que preocuparse por la configuracion de cada nodo
Facil de actualizar
Fdcil detectar fallos en el arranque

Desventajas
Tarda unos 15-20 minutos en reemplazar un nodo del cluster



Tareas (jobs)

Tarea == aplicacién de un usuario
Hay muchos tipos de tareas:
Batch vs. interactiva:

Batch: no requiere la intervencién del usuario (cdlculos
grandes, procesamiento de datos, etc.)

Interactiva: requiere la interaccion del usuario
(interfaces grdficas)

Secuancial vs. parallel:

Secuencial — las tareas solo necesitan un procesador
por ejecucion

Paralelas — las tareas necesitan mds de un procesador
por ejecucion



Gestor de tareas

Interfaz de usuario para enviar y controlar tareas
Politicas del uso de los recursos

Optimizar la utilizacion de los nodos del cluster
Informacién de las tareas de los usuarios

Aspectos:
Reserva avanzadaq,
Checkpointing,
Migracién de procesos,
Balanceo de carga,
Tolerancia a fallos

Soluciones: SGE, PBS (instalada en kasukabe), LSF,
Condor



Eiemplo de tarea

#PBS -N my_parallel_job

#PBS -q default

#PBS -l nodes=2:ppn=4:cell2

#PBS -l walltime=04:00:00

# combine PBS standard output and error files

#PBS -j oe

# mail is sent to you when the job starts and when it terminates or aborts
#PBS -m bea

# specify your email address

#PBS -M John.Smith@dartmouth.edu

Hchange to the directory where you submitted the job

cd $PBS_O_WORKDIR

# include the relative path to the name of your MPI program
mpiexec -comm p4 ./program_name and any arguments
exit O



Monitorizacién (GANGLIA)

Cluster Status: ©@

All nodes are reporting on the
ganglia cluster multicast channel

Cluster Hosts and Processors last hour
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Cluster Load last hour

Cluster Mesory last hour
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SUPER-COMPUTADORES
(CASO BLUE GENE)




Infroduccion a Blue Gene
Tecnologia

Blue Gene/P

PPC 450 @ 850MHz
Escalable hasta 3+ PF

Blue Gene/Q

Blue Gene/L

PPC 440 @ 700MHz
Escalable hasta 596+ TF

@ BG/P es la 2" Generacién

de la familia Blue Gene

2004 2007



Sistema

64 Racks, 64x32x32

Rack
32 Node Cards

Node Card

(32 chips 4x4x2)
16 compute, 0-2 IO cards

180/360 TF/s
32 TB

2.8/5.6 TF/s
512 GB

Compute Card
2 chips, 1x2x1

2 procesadores

<

2.8/5.6 GF/s
4 MB



Rack Sistema hasta 256 racks

Cableado
32 Node Cards

Node Card
32 Compute Cards

Hasta 2 1/O cards

Hasta 3.56 PF/s
51201024 TB

Compute Card
1 chip, 20 DRAMs

Chip

4 procesadores

13.6 GF/s
. 2 o 4 GB DDR2
13.6 GF/s
B EDRA

435 GF/s
640128 GB




compute nodes  I/O nodes file servers

(o ==

control network sendce node front-encl nodes

GPFS/PVFS /Lustre disponible en los nodos de E/S

Servidores de sistemas de ficheros



Topologia
—

1 Nodos de computo: Toro 3D
1 Nodos de E/S: Arbol




Sistema operativo

Nodos de computo: SO dedicado
Nodos de E/S: SO dedicado

Nodos de servicio: sistemas comerciales convencionales

Nodos cabecera (front-end): compilacién, depuracién, envio de
trabajos

Servidores de ficheros: no son especificos para BG (PVFS y
GPFS)



BG/P Job Modes allow Flexible use of Compute Node Resources

>

Quad Mode

» Also called Virtual Node Mode
» All 4 cores run 1 process each

No threading

memory

Application

> Each process gets 7 node

» MPI/HTC programming model

Core O

Core 1
Core 2

M M M

Memory address space

Core 3

Dual Mode

» 2 cores run 1 process each

» Each process may spawn 1
thread on core not used by
other process

> Each process gets 2 node
memory

» MPI/OpenMP/HTC
programming model

Application
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Memory address space

SMP Mode

> 1 core runs 1 process

» Process may spawn threads
on each of the other cores

» Process gets full node
memory

» MPI1/OpenMP/HTC
programming model

Application
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Resumen

El SO de cada nodo estd muy atado al hardware de BG.
Parte de CPU con poca frecuenta, incremento del paralelismo.
Separacién de cada entidad consigue que BG sea:

Simple

Robusto

Alto rendimiento

Escalable

Extensible

Problemas: rango de usos limitado



Lecturas avanzadas

Designing a highly-scalable operating
system: the Blue Gene/L story -
Proceedings of the 2006 ACM/IEEE conference on

Supercomputing

www.research.ibm.com/bluegene/



