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Accelerating Scientific ProcessAccelerating Scientific Process

Thousand years ago: Thousand years ago: 
Experimental ScienceExperimental Science

-- description of natural description of natural 
phenomenaphenomena

Last few hundred years: Last few hundred years: 
Theoretical ScienceTheoretical Science

-- NewtonNewton’’s Laws, Maxwells Laws, Maxwell’’s s 
Equations Equations ……

Last few decadesLast few decades::
Computational ScienceComputational Science

-- simulation of complex simulation of complex 
phenomenaphenomena

Today:Today:
‘‘ee--ScienceScience’’ oror DataData--centric centric 
ScienceScience

-- unify theory, experiment, unify theory, experiment, 
and simulationand simulation

1. Observation1. Observation 2. Analysis2. Analysis

4. Validation4. Validation 3. Simulation3. Simulation



The Data PipelineThe Data Pipeline

Data Gathering
Discovery and 
Browsing

Science 
Exploration

Domain specific 
analyses Scientific Output 

“Raw” data includes 
sensor output, data 
downloaded from 
agency or collaboration 
web sites, papers 
(especially for ancillary 
data

“Raw” data browsing for 
discovery (do I have 
enough data in the right 
places?), cleaning (does 
the data look obviously 
wrong?), and light weight 
science via browsing 

“Science variables” and 
data summaries for early 
science exploration and 
hypothesis testing. 
Similar to discovery and 
browsing, but with 
science variables 
computed via gap filling, 
units conversions, or 
simple equation. 

“Science variables”
combined with models, 
other  specialized code, 
or statistics for deep 
science understanding. 

Scientific results via  
packages such as 
MatLab or R2. Special 
rendering package such 
as ArcGIS. 

Paper preparation.

Courtesy Catherine VanIngen, MSR



Explosion of DataExplosion of Data

Experiments Archives LiteratureSimulations

PetabytesPetabytes
Doubling every Doubling every 

2 years2 years



Supercomputing Reached the PetaflopSupercomputing Reached the Petaflop

IBM RoadRunner at
Los Alamos National Lab



HPC in Every LabHPC in Every Lab

X64 Server



Hardware Paradigm ShiftHardware Paradigm Shift

“… we see a very significant shift in what architectures will look like in the future ...
fundamentally the way we've begun to look at doing that is to move from instruction level 
concurrency to … multiple cores per die. But we're going to continue to go beyond there. 
And that just won't be in our server lines in the future; this will permeate every 
architecture that we build. All will have massively multicore implementations.”

Intel Developer Forum, Spring 2004
Pat Gelsinger
Chief Technology Officer, Senior Vice President
Intel Corporation
February, 19, 2004
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PentiumPentium®® processorsprocessors
Hot PlateHot Plate

Nuclear ReactorNuclear Reactor

Rocket NozzleRocket Nozzle

SunSun’’s Surfaces Surface

Intel Developer Forum, Spring 2004 Intel Developer Forum, Spring 2004 -- Pat GelsingerPat Gelsinger

ManyMany--core Peak Parallel GOPs

core Peak Parallel GOPs

Single Threaded Perf 10% per year
Single Threaded Perf 10% per year

To Grow, To Keep Up,To Grow, To Keep Up,
We Must Embrace Parallel ComputingWe Must Embrace Parallel Computing
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TodayToday’’s Architecture: Heat becoming an s Architecture: Heat becoming an 
unmanageable problem!unmanageable problem!

Parallelism OpportunityParallelism Opportunity
80X80X



Challenge: High Challenge: High ProductivityProductivity ComputingComputing

“Make high-end computing easier 
and more productive to use.

Emphasis should be placed on time 
to solution, the major metric of value 
to high-end computing users…

A common software environment for 
scientific computation encompassing 
desktop to high-end systems will 
enhance productivity gains by 
promoting ease of use and 
manageability of systems.”

2004 High-End Computing 
Revitalization Task Force

Office of Science and 
Technology Policy,
Executive Office of the 
President



FDA Clinical FDA Clinical 
Proteomics Proteomics 

Website Website 
Regular Regular 

download of new download of new 
datasets datasets 

Signal conditioning and Signal conditioning and 
preprocessing preprocessing 

SQL Server SQL Server 
Integration ServicesIntegration Services Windows HPC Windows HPC 

Cluster Cluster 

SQL 2005 SQL 2005 

MatlabMatlab

Feature Feature 
extraction extraction 

Personal clusterPersonal cluster
Windows HPC + MatlabWindows HPC + Matlab

Interoperability withInteroperability with
Linux/GridLinux/Grid

Hosted Windows HPCHosted Windows HPC

Linux ClusterLinux Cluster

Remote, hostedRemote, hosted
HPC servicesHPC services

Classification & Classification & 
trainingtraining

Cancer diagnosticsCancer diagnostics

Example: Productivity in Cancer ResearchExample: Productivity in Cancer Research



Application BenefitsApplication Benefits

The most productive The most productive 
distributed application distributed application 
development environmentdevelopment environment

System BenefitsSystem Benefits

CostCost--effective, reliable and effective, reliable and 
high performance server high performance server 
operating systemoperating system

Cluster BenefitsCluster Benefits

Complete HPC cluster Complete HPC cluster 
platform integrated with the platform integrated with the 
rest of the enterprise rest of the enterprise 
management infrastructuremanagement infrastructure

Microsoft HPC++ SolutionMicrosoft HPC++ Solution



Analysis



Data acquisition from 
source systems and 
integration
Data transformation 
and synthesis

Data enrichment, with 
business logic, 
hierarchical views
Data discovery via 
data mining

Data presentation 
and distribution
Data access for 
the masses

IntegrateIntegrate AnalyzeAnalyze ReportReport

ResearchResearch



A data cube is a database specifically A data cube is a database specifically 
for data mining (OLAP)for data mining (OLAP)
•• Initially developed for commercial needs Initially developed for commercial needs 

like tracking sales of Oreos and milklike tracking sales of Oreos and milk
•• Simple aggregations (sum, min, or max) Simple aggregations (sum, min, or max) 

can be precan be pre‐‐computed for speedcomputed for speed
•• Hierarchies for simple filtering with Hierarchies for simple filtering with 

drilldown capabilitydrilldown capability
•• Additional calculations (median) can be Additional calculations (median) can be 

computed dynamically or precomputed dynamically or pre‐‐computedcomputed
•• All operate along dimensions such as All operate along dimensions such as 

time, site, or datumtype time, site, or datumtype 
•• Constructed from a relational databaseConstructed from a relational database

Client tool integration is evolvingClient tool integration is evolving
•• Excel PivotTables allow simple data Excel PivotTables allow simple data 

viewingviewing
•• More powerful analysis and plotting More powerful analysis and plotting 

using Matlab and statistics software using Matlab and statistics software 

Courtesy Catherine VanIngen, MSR

Data Cube BasicsData Cube Basics



Browsing for Data QualityBrowsing for Data Quality

Data cleaning never Data cleaning never 
endsends
•• Running scripts on Running scripts on 

specific site years often specific site years often 
misses the big picturemisses the big picture

•• Spike detection and Spike detection and 
replacementreplacement

Courtesy Catherine VanIngen, MSR



Browsing for Data AnalysisBrowsing for Data Analysis

Annual 
Mean

Monthly
Mean

Weekly
Mean

• Plotting is the way of 
visualizing data
• Most are discarded so 

scripting matters

Courtesy Catherine VanIngen, MSR



Datamining with SQL and ExcelDatamining with SQL and Excel

Integrated algorithmsIntegrated algorithms
•Text Mining
•Neural Nets
•Naïve Bayes
•Time Series
•Sequent Clustering
•Decision Trees
•Association Rules



Language Integrated QueryLanguage Integrated Query



Simulation



High Productivity Modeling with Visual StudioHigh Productivity Modeling with Visual Studio

Languages/Runtimes
C++, C#, VB
F#, Python, Ruby, 
Jscript
Fortran (Intel, PGI)
OpenMP, MPI

Team Development
Team portal: version 
control, scheduled 
build, bug tracking
Test and stress 
generation
Code analysis, Code 
coverage
Performance analysis

IDE
Rapid application 
development
Parallel debugging
Multiprocessor builds
Work flow design

.Net Framework
LINQ: language 
integrated query
Dynamic Language 
Runtime
Fx/JIT/GC 
improvements
Native support for 
Web Services



F# is...F# is...
...a ...a functional, objectfunctional, object--oriented, oriented, 

imperative and explorativeimperative and explorative
programming language for .NETprogramming language for .NET



Interactive F# ShellInteractive F# Shell
C:\fsharpv2>bin\fsi 

MSR F# Interactive, (c) Microsoft Corporation, All Rights Reserved 
F# Version 1.9.2.9, compiling for .NET Framework Version v2.0.50727 

NOTE: 
NOTE: See 'fsi --help' for flags 
NOTE: 
NOTE: Commands: #r <string>;; reference (dynamically load) the given DLL. 
NOTE: #I <string>;; add the given search path for referenced DLLs. 
NOTE: #use <string>;; accept input from the given file. 
NOTE: #load <string> ...<string>;; 
NOTE: load the given file(s) as a compilation unit. 
NOTE: #time;; toggle timing on/off. 
NOTE: #types;; toggle display of types on/off. 
NOTE: #quit;; exit. 
NOTE: 
NOTE: Visit the F# website at http://research.microsoft.com/fsharp. 
NOTE: Bug reports to fsbugs@microsoft.com. Enjoy! 

> let rec f x = (if x < 2 then x else f (x-1) + f (x-2));; 

val f : int -> int 

> f 6;; 

val it = 8 
val it : int 



Example: Taming Asynchronous I/OExample: Taming Asynchronous I/O
using System;
using System.IO;
using System.Threading;

public class BulkImageProcAsync
{

public const String ImageBaseName = "tmpImage‐";
public const int numImages = 200;
public const int numPixels = 512 * 512;

// ProcessImage has a simple O(N) loop, and you can vary the number
// of times you repeat that loop to make the application more CPU‐
// bound or more IO‐bound.
public static int processImageRepeats = 20;

// Threads must decrement NumImagesToFinish, and protect
// their access to it through a mutex.
public static int NumImagesToFinish = numImages;
public static Object[] NumImagesMutex = new Object[0];
// WaitObject is signalled when all image processing is done.
public static Object[] WaitObject = new Object[0];
public class ImageStateObject
{

public byte[] pixels;
public int imageNum;
public FileStream fs;

}

public static void ReadInImageCallback(IAsyncResult asyncResult)
{

ImageStateObject state = (ImageStateObject)asyncResult.AsyncState;
Stream stream = state.fs;
int bytesRead = stream.EndRead(asyncResult);
if (bytesRead != numPixels)

throw new Exception(String.Format
("In ReadInImageCallback, got the wrong number of " +
"bytes from the image: {0}.", bytesRead));

ProcessImage(state.pixels, state.imageNum);
stream.Close();

// Now write out the image.
// Using asynchronous I/O here appears not to be best practice.
// It ends up swamping the threadpool, because the threadpool
// threads are blocked on I/O requests that were just queued to
// the threadpool. 
FileStream fs = new FileStream(ImageBaseName + state.imageNum +

".done", FileMode.Create, FileAccess.Write, FileShare.None,
4096, false);

fs.Write(state.pixels, 0, numPixels);
fs.Close();

// This application model uses too much memory.
// Releasing memory as soon as possible is a good idea, 
// especially global state.
state.pixels = null;
fs = null;
// Record that an image is finished now.
lock (NumImagesMutex)
{

NumImagesToFinish‐‐;
if (NumImagesToFinish == 0)
{

Monitor.Enter(WaitObject);
Monitor.Pulse(WaitObject);
Monitor.Exit(WaitObject);

}
}

}

public static void ProcessImagesInBulk()
{

Console.WriteLine("Processing images... ");
long t0 = Environment.TickCount;
NumImagesToFinish = numImages;
AsyncCallback readImageCallback = new

AsyncCallback(ReadInImageCallback);
for (int i = 0; i < numImages; i++)
{

ImageStateObject state = new ImageStateObject();
state.pixels = new byte[numPixels];
state.imageNum = i;
// Very large items are read only once, so you can make the 
// buffer on the FileStream very small to save memory.
FileStream fs = new FileStream(ImageBaseName + i + ".tmp",

FileMode.Open, FileAccess.Read, FileShare.Read, 1, true);
state.fs = fs;
fs.BeginRead(state.pixels, 0, numPixels, readImageCallback,

state);
}

// Determine whether all images are done being processed.
// If not, block until all are finished.
bool mustBlock = false;
lock (NumImagesMutex)
{

if (NumImagesToFinish > 0)
mustBlock = true;

}
if (mustBlock)
{

Console.WriteLine("All worker threads are queued. " +
" Blocking until they complete. numLeft: {0}",
NumImagesToFinish);

Monitor.Enter(WaitObject);
Monitor.Wait(WaitObject);
Monitor.Exit(WaitObject);

}
long t1 = Environment.TickCount;
Console.WriteLine("Total time processing images: {0}ms",

(t1 ‐ t0));
}

}

Processing 
200 images in 

parallel



let ProcessImageAsync(i) =
async { let inStream  = File.OpenRead(sprintf "source%d.jpg" i)

let! pixels = inStream.ReadAsync(numPixels)
let pixels'   = TransformImage(pixels,i)

let outStream = File.OpenWrite(sprintf "result%d.jpg" i)
do! outStream.WriteAsync(pixels')
do Console.WriteLine "done!" }

let ProcessImagesAsync() =

Async.Run (Async.Parallel 
[ for i in 1 .. numImages -> ProcessImageAsync(i) ])

Read from the 
file,

asynchronously

“!”
= “asynchronous”

Write the result, 
asynchronously

This object 
coordinates

Equivalent F# 
code 

(same perf)

Generate the 
tasks and queue 
them in parallel

Open the file, 
synchronousl

y

Example: Taming Asynchronous I/OExample: Taming Asynchronous I/O



Parallel Extensions to .NETParallel Extensions to .NET
Declarative data parallelism (PLINQ)Declarative data parallelism (PLINQ)

Imperative data and task parallelism (TPL)Imperative data and task parallelism (TPL)

Data structures and coordination Data structures and coordination 
constructsconstructs

var q = from n in names.AsParallel()
where n.Name == queryInfo.Name && 

n.State == queryInfo.State &&
n.Year >= yearStart &&
n.Year <= yearEnd

orderby n.Year ascending
select n;

Parallel.For(0, n, i=> {
result[i] = compute(i);

});



static void ProcessNode<T>(Tree<T> 
tree, Action<T> action) {

if (tree == null) return;

ProcessNode(tree.Left, action);
ProcessNode(tree.Right, action);
action(tree.Data);

}

Sequential

Example: Tree WalkExample: Tree Walk

static void ProcessNode<T>(Tree<T> tree, Action<T> action) {
if (tree == null) return;

Stack<Tree<T>> nodes = new Stack<Tree<T>>();
Queue<T> data = new Queue<T>();

nodes.Push(tree);
while (nodes.Count > 0) {

Tree<T> node = nodes.Pop();
data.Enqueue(node.Data);
if (node.Left != null) nodes.Push(node.Left);
if (node.Right != null) nodes.Push(node.Right);

}

using (ManualResetEvent mre = new ManualResetEvent(false)) {
int waitCount = Environment.ProcessorCount;

WaitCallback wc = delegate {
bool gotItem;
do {

T item = default(T);
lock (data) {

if (data.Count > 0) {
item = data.Dequeue();
gotItem = true;

}
else gotItem = false;

}
if (gotItem) action(item);

} while (gotItem);

if (Interlocked.Decrement(ref waitCount) == 0) mre.Set();
};

for (int i = 0; i < Environment.ProcessorCount - 1; i++) {
ThreadPool.QueueUserWorkItem(wc);

}

wc(null);
mre.WaitOne();

}
}

Thread Pool



static void ProcessNode<T>(Tree<T> tree, Action<T> action) {
if (tree == null) return;

Task t = Task.Create(delegate { ProcessNode(tree.Left, action); });
ProcessNode(tree.Right, action);
action(tree.Data);
t.Wait();

}

Parallel Extensions (with Task)

static void ProcessNode<T>(Tree<T> tree, Action<T> action) {
if (tree == null) return;

Parallel.Do(
() => ProcessNode(tree.Left, action),
() => ProcessNode(tree.Right, action),
() => action(tree.Data) );

}

Parallel Extensions (with Parallel)

static void ProcessNode<T>(Tree<T> tree, Action<T> action) {
tree.AsParallel().ForAll(action);

}

Parallel Extensions (with PLINQ)

Example: Tree WalkExample: Tree Walk



MPI.NETMPI.NET
Supports all .NET languages Supports all .NET languages 
(C#, C++, F#, ..., even Visual Basic!)(C#, C++, F#, ..., even Visual Basic!)
Natural expression of MPI in C#Natural expression of MPI in C#

Negligible overhead (relative to C) over TCPNegligible overhead (relative to C) over TCP

if (world.Rank == 0)
world.Send(“Hello, World!”, 1, 0);

else
string msg = world.Receive<string>(0, 0);

string[] hostnames = 
comm.Gather(MPI.Environment.ProcessorName, 0);

double pi = 4.0*comm.Reduce(dartsInCircle,(x, y) => 
return x + y, 0) / totalDartsThrown;



Visual Numerics .NET IMSL LibraryVisual Numerics .NET IMSL Library
•• Linear AlgebraLinear Algebra
•• EigensystemsEigensystems
•• Interpolation and Interpolation and 

ApproximationApproximation
•• QuadratureQuadrature
•• Differential EquationsDifferential Equations
•• TransformsTransforms

•• Nonlinear EquationsNonlinear Equations
•• OptimizationOptimization
•• Basic StatisticsBasic Statistics
•• Nonparametric TestsNonparametric Tests
•• Goodness of FitGoodness of Fit
•• RegressionRegression

•• Variances, Covariances and Variances, Covariances and 
CorrelationsCorrelations

•• Multivariate AnalysisMultivariate Analysis
•• Analysis of VarianceAnalysis of Variance
•• Time Series and ForecastingTime Series and Forecasting
•• Distribution FunctionsDistribution Functions
•• Random Number GenerationRandom Number Generation



Subsystem for Unix applicationsSubsystem for Unix applications
Subsystem for POSIX applicationsSubsystem for POSIX applications
Complete SVRComplete SVR--5 and BSD UNIX environment with 300 5 and BSD UNIX environment with 300 
commands, utilizes, shell scripts, compilation toolscommands, utilizes, shell scripts, compilation tools
Visual Studio extensions for debugging POSIX applicationsVisual Studio extensions for debugging POSIX applications
Support for 32 and 64Support for 32 and 64--bit applicationsbit applications

Recent port of WRF V2.1.2Recent port of WRF V2.1.2
~1/3 million lines, Fortran 90 and some C using MPI, ~1/3 million lines, Fortran 90 and some C using MPI, 
OpenMPOpenMP
Traditionally developed for Unix HPC systemsTraditionally developed for Unix HPC systems
Two dynamical cores, full range of physics optionsTwo dynamical cores, full range of physics options
Rapid community growth Rapid community growth -- more than more than 
3,000 registered users3,000 registered users

Porting experiencePorting experience
Of 360K lines, fewer than 750 changed to compile and link Of 360K lines, fewer than 750 changed to compile and link 
under Services for Unixunder Services for Unix
Largest number of changes involved the WRF build Largest number of changes involved the WRF build 
mechanism (Makefiles, scripts)mechanism (Makefiles, scripts)
Level of effort and nature of tasks was not unlike porting to Level of effort and nature of tasks was not unlike porting to 
any new version of UNIXany new version of UNIX
Performance on par with the Linux systemsPerformance on par with the Linux systems

Porting With Subsystem for Unix Applications



Using Excel to Drive LinpackUsing Excel to Drive Linpack



Systems Systems 
ManagementManagement

Job Job 
SchedulingScheduling

MPIMPIStorageStorage

Rapid large scale deployment 
and built-in diagnostics suite

Integrated monitoring, 
management and reporting

Familiar UI and rich scripting 
interface

Integrated security via Active 
Directory

Support for batch, interactive 
and service-oriented applications

High availability scheduling
Interoperability via OGF’s HPC 

Profile

MS-MPI stack based on MPICH2 
reference implementation

Performance improvements for 
RDMA networking and multi-core 
shared memory

MS-MPI integrated with Windows 
Event Tracing

Access to SQL, Windows and 
Unix file servers

Key parallel file server vendor 
support (GPFS, Lustre, Panasas)

In-memory caching options

Windows HPC Server 2008Windows HPC Server 2008



Ease of deploymentEase of deployment



Ease of DeploymentEase of Deployment



Single Management ConsoleSingle Management Console



Integrated MonitoringIntegrated Monitoring



Comprehensive Diagnostics SuiteComprehensive Diagnostics Suite



BuiltBuilt--in Reportingin Reporting



Spring 2008, NCSA, ~#20
9472 cores, 68.5 TF, 77.7%

Fall 2007, Microsoft, #116
2048 cores, 11.8 TF, 77.1%

Spring 2007, Microsoft
2048 cores, 9 TF, #106

Spring 2006, NCSA, #130
896 cores, 4.1 TF

Spring 2008, Umea, ~#50
5376 cores, 46 TF, 85.5%

30% efficiency30% efficiency
improvementimprovement



Collaboration



Excel Excel ““1212””

BrowserBrowser
100% thin100% thin

View and 
Interact 

CustomCustom
applicationsapplications

Web Services
Access

Excel Excel ““1212””
clientclient

Open 
Spreadsheet/Snapshot

Author & Publish 
Spreadsheets

Sharing Excel SpreadsheetsSharing Excel Spreadsheets
With Excel ServicesWith Excel Services



Confidential Confidential –– Microsoft CorporationMicrosoft Corporation

100% HTML and 100% HTML and 
script no client script no client 

componentscomponents

Server side Server side 
chartingcharting

Excellent visual Excellent visual 
fidelity including all fidelity including all 

new conditional new conditional 
formattingformatting

Server-based Spreadsheets
View and interact with spreadsheets in the browser

ServerServer--based Spreadsheetsbased Spreadsheets
View and interact with spreadsheets in the browserView and interact with spreadsheets in the browser



Calculate 
spreadsheet 
and set and 
get values

Reusable Business Logic
Incorporate Excel models in business applications

Reusable Business LogicReusable Business Logic
Incorporate Excel models in business applicationsIncorporate Excel models in business applications

Reusable 
web-

rendered UI

Cross 
platform web 

services 
interface
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Reusable Business LogicReusable Business Logic
Incorporate Excel models in business applicationsIncorporate Excel models in business applications
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Workflow Design for SharepointWorkflow Design for Sharepoint



Workflow TracingWorkflow Tracing























HPC++ Scenario





















Application BenefitsApplication Benefits

The most productive The most productive 
distributed application distributed application 
development environmentdevelopment environment

System BenefitsSystem Benefits

CostCost--effective, reliable and effective, reliable and 
high performance server high performance server 
operating systemoperating system

Cluster BenefitsCluster Benefits

Complete HPC cluster Complete HPC cluster 
platform integrated with the platform integrated with the 
rest of the enterprise rest of the enterprise 
management infrastructuremanagement infrastructure

Microsoft HPC++ SolutionMicrosoft HPC++ Solution



ResourcesResources
www.microsoft.com/hpcwww.microsoft.com/hpc
www.microsoft.com/sciencewww.microsoft.com/science
www.microsoft.com/serverswww.microsoft.com/servers
www.microsoft.com/sqlwww.microsoft.com/sql
www.microsoft.com/excelwww.microsoft.com/excel
research.microsoft.com/fsharpresearch.microsoft.com/fsharp
www.osl.iu.edu/research/mpi.netwww.osl.iu.edu/research/mpi.net
www.microsoft.com/msdnwww.microsoft.com/msdn
www.microsoft.com/technetwww.microsoft.com/technet



Thank you!


