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Exciting Times! 
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Problem: Hardware is ahead of Software

Justin Rattner CTO of Intel: ñI was struck by how 
little progress had been made on the 
programming front. The technologies that were 
popular a decade or more ago are still in 
widespread use today. We're still programming in 
MPI and still working on technologies like 
OpenMP. I had hoped and expected that after a 
decade or more we really would have made 
some fundamental advancements on the 
software sideò
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From: http://www.supercomp.de/isc08/content/e2/e10/e22/e1671/e2927/index_eng.html



Platform Outline (Levels)

¸ Multicore and GPUs

¸ SMP, MPP, and Clusters

¸ Grid and Cloud



Parallel Processing Levels



Parallel Processing Levels

¸ Graphics Processing Unit (GPU)

¸ Multi-Core Processors

¸ Symmetric Multiprocessors (SMP)

¸ Non-uniform Memory Access (NUMA)

¸ Massively Parallel Processors (MPP)

¸ High Performance Computing Clusters

¸ Virtual Clusters

¸ PC Grids 

¸ Computational and Data Grids

¸ Cloud Computing



GPU and Multi-Core



GPU and Multi-Core

¸GPU
¸ NVidia G8 

¸ AMD Firestream 

¸Multi-Core
¸ Intel Larrabee 

¸ AMD Opteron

¸ IBM, Sony, Toshiba Cell Processor



NVIDIA GPU Architecture
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GPU and CPU Convergence



Larrabee Architecture



Larrabee and GPUs



Cell Chip (GPU + CPU)

From Nicholas Blachford



SMP, MPP, and Clusters



SMP, MPP, and Clusters

¸ Symmetric Multiprocessors(SMP)

¸ Cache Coherent Non-Uniform Memory Access(ccNUMA)

¸ High Performance Clusters (Distributed Memory)

¸ Massively Parallel Supercomputer

¸ IBM Road Runner

¸ IBM Blue Gene/L

¸ IBM Blue Waters

¸ Tata EKA



SMP vs MPP

From Bull



Two Extremes



Cray CX1 Deskside Supercomputer

¸ Announced last week

¸ Will sell for $25,000 up to $60,000 with options

¸ Target markets include finance and aerospace 

¸ Based on Cray architecture

¸Uses Intel Xeon processors (8 dual core nodes)

¸Running Microsoft HPC Server
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http://www.xconomy.com/?attachment_id=4892


IBM Blue Waters

¸ New HPC machine due in 2011 funded by NSF

¸ Uses PERCS ("Productive, Easy-to-use, Reliable 

Computer System,ñ ) technology developed under   

DARPA High Productivity Computing Program

¸ Hardware and software co-designed to support adaptable 

configurations for diverse applications

¸ 38,900 eight-core Power7 processors 

¸ IBM General Parallel File System (GPFS)

¸ Over 1 petaflop sustained performance

¸ Over 1 petabyte memory

¸ 5 petabyte disk storage
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Combination of Multi-core,

GPU, MPP, and Clusters



NVIDIA TESLA S1070 Architecture  
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Intelôs Tera-scale Computing Program

23From http://techresearch.intel.com/articles/Tera-Scale/1421.htm



Road Runner (Cell-accelerated Cluster)
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Grids and Clouds



Grids and Clouds

¸ Infrastructure, services, and applications made available 

through Internet interfaces

¸ Grids resources have multiple owners and are allocated 

and scheduled through cross-organizational collaboration
¸ Volunteer Grids (e.g. BOINC)

¸ Compute Grid (e.g. Globus)

¸ Data Grid (e.g. Storage Resource Broker)

¸ Cloud resources have a single owner and are allocated 

on demand often `using virtualization
¸ Software as a Service (e.g. Salesforce)

¸ Platform as a Service (e.g. Googleôs App Engine)

¸ Infrastructure as a Services(e.g. Amazon Web Services)

¸ In the future, there will be ñGrids of Cloudsò
¸ Interoperability across multiple Clouds will be an issue



Cloud and Grid 

Science Gateways

Tools Providers

Resource Providers

Cloud Layers Grid Levels

Software as a Service

Platform as a Service

Infrastructure as a Service



Grids



Layered Grid Architecture

29Source: Rajkumar Buyya of Gridbus



Some Grid Resource Providers

¸ Campus and regional grids

¸ Purdue, Univ. of Wisc, TIGRE,  Colorado

¸ National Grids 

¸ TeraGrid, Open Science Grid, Garuda(India),

¸ Multinational Grids

¸ PRAGMA (Pacific Rim), EGEE (Europe)

¸ World Community Grid

¸ Over 1 million volunteered devices (e.g. PCs) on the Internet



Garuda Grid Research




