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Accelerating Scientific Process

1. Observation 2. Analysis Thousand years ago:

— Experimental Science
‘(' - Jel - description of natural

P\ henomena
f iv"?: E P
AL LI ) Last few hundred years:

Theoretical Science
- Newton’s Laws, Maxwell’s
Equations ...

Last few decades:

Computational Science
- simulation of complex
phenomena

Today:
‘e-Science’ or Data-centric

] _ : : Science
4. Validation 3. Simulation - unify theory, experiment,

and simulation




The Data Pipeline

SCiSCOpe Swas

Data Gathering

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

Disc
Bro

“Raw” data browsing for
discovery (do | 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.

ut

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

Paper preparation.

Courtesy Catherine Vaningen, MSR




Explosion of Data

Experiments Simulations Archives Literature

Doubling every
2 years




Supercomputing Reached the Petaflop

Projected Performance Development
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HPC in Every Lab

591

NElnglesNYaisal Cray Y-MP C916
Xgielaagtlales) ~10 GFlops
Price

Customers | ==

Sun HPC10000
~10 GFlops
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X64 Server
~10 GFlops
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Hardware Paradigm Shift

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

Rocket Nozzle

Nuclear Reactor

Power Density (W/cm2)

Pentium® processors

ear

Sin

gle Threaded Perf 10% pery

Intel Developer Forum, Spring 2004 - Pat Gelsinger

“... 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




Challenge: High Productivity Computing

Federal Plan
for High-End

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

Emphasis should be placed on time
to solution, the major metric of value

Report of the

to high-end computing users... g £ Computig

Revitalization Task Force
(HECRTF)

A common software environment for

scientific computation encompassing

desktop to hlgh—e_n_d sysFems will 2004 High-End Computing
enhance productivity gains by Revitalization Task Force
promoting ease of use and S

manageability of systems.” Technology Policy,
Executive Office of the
President




Example Productivity in Cancer Research

i_‘

SQL Server
Integration Services Wlndows HPC
Cluster

FDA Clinical i
Proteomics
Website

SQL 2005

H

) =
p :

Personal cluster

Windows HPC + Matlab _

5 _ _

Hosted Windows HPC




Microsoft HPC++ Solution

Application Benefits

The most productive
distributed application
development environment

Cluster Benefits

Complete HPC cluster
platform integrated with the
rest of the enterprise

management infrastructure

System Benefits

Cost-effective, reliable and
high performance server
operating system

%E Office SharePoint Server 2007

'11- Micrasalt”

:m Office Excel. 2007

Microsoft*

SQL Server2008
@& Visual Studio 2008

£ WindowsS sacrosolt
- Actve Drectory” rver“it)/s System Center

HPC Server 2008

Microsoft-Hyper-V'Server

. ‘Windows Server2008
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Data Cube Basics

® A data cube is a database specifically
for data mining (OLAP)

Initially developed for commercial needs
like tracking sales of Oreos and milk

Simple aggregations (sum, min, or max)
can be pre-computed for speed

Hierarchies for simple filtering with
drilldown capability

Additional calculations (median) can be
computed dynamically or pre-computed

All operate along dimensions such as
time, site, or datumtype

Constructed from a relational database

@ (Client tool integration is evolving
e Excel PivotTables allow simple data
viewing
 More powerful analysis and plotting
using Matlab and statistics software

Courtesy Catherine Vaningen, MSR




e Data cleaning never
ends
e Running scripts on

specific site years often
misses the big picture

« Spike detection and
replacement

Total count of FC values
where the value appears 500 or more times per year

Courtesy Catherine Vaningen, MSR




Browsing for Data Analysis

* Plotting IS the way of
visualizing data

e Most are discarded so
scripting matters

Welcome, yoges My Tracks | Createa Track | Commaunity Tracks |

Log Qut | Abowt s | FAQ

Combined Track: AmeriFlux - GPP by Vegetation Type

Gross ecosystem production Created by! scott
8 9 tracks

AmenFlus - GRF

US-Bnl
US-Fmt
US-Fui

US-Ha2
US-Hot
US-K51
US-Mel

US-Me2

al
] A
US-Bla -
|
1
|
1
|
|

US-5P1
US-5P2
US-EP3
US-5P4
S0
USwi2
US-wid
USWi5
Us-wia
US-Wre

400 BOO am 1000 1200 1400
Epat (mm utime™!)
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Excel

Datamining with SQL an

WBCD - Microsoft Excel

CINEEE
(Ca)

- Home Insert Page Layout Formulas Data Review View Add-Ins Data Mining & —

ibri | =r ___ f=v - =] - - — e
Calibri =] General & g™ Insert z %jj }}
u : ) FDelete - || (g &
Paste T Stpies || 2 Sort & Find &
5 | ln S0 - 2l Format = || (/" Filter~ Select -

Clipboard ™= Font (] Number = Cells Editing

v

Integrated algorithms

Elie

|

B

C

Discrimination between factors leading to "Malignant’ and 'Benign’

129 Filter by 'Column’ to see how different values favor 'Malignant' or 'Benign’
: B2 value

skli] Column

131 Worst Area

132 | Concave Points

133 Area SE

134 | Concavity

135 Area

136 Worst Perimeter
137 Radius SE

138/ Worst Radius

133 Worst Concavity
140 Perimeter SE

141 Perimeter

142 Compactness

143 Worst Area

144 Worst Concave Points
145 Category

146 Area

147 Worst Concave Points
148 Worst Perimeter
143 Radius

150 Concave Points

151 Worst Radius

152 Worst Radius

153 Perimeter

154/ Worst Compactness

<700.9165133824
<0.029879419809375

»=54.04

<0.04949527481875

< 502.8401679872

< 88.0540849152

»=0.5461

<13.4249353952

<0.1396535261

»=3.767

113.8400200064 - 136.4318321664
<0.0825526057875
1308.5901733888 - 1975.7989367808
0.1634778325 - 0.208185507225
Category 3

B0B.5675963392 - 1215.8763313152
<0.0661827894625
112.2967998464 - 145.8536312832
17.3723675328 - 20.3888898016
0.0695588695625 - 0.0993482962875
16.8642548608 - 21.6616324256
21.6616324256 - 25.9052712768

< 74.7555949056

<0.1689184681

44 + M| Sheetl | Influencers for Diagnosis .~ Categories Report

&

E3 ravors malignant B8 Favors Benign B3

R 1 fF @1 | [ 8 R | [0 |

Ready

[EEEETTS

*Text Mining
*Neural Nets
*Naive Bayes
*TIime Series
«Sequent Clustering
eDecision Trees
*Association Rules




Language Integrated Query

2% Entityl INQDemos - Microsoft Visual Studio
File Edit View Refactor Website Build Debug Tools Window Community Help

R-E-EHdd ¥ D ) - & b Debug ~ Mixed Platforms ~ | [# salesperson A B i e 'l = B R

D RbheliEE=2 (3 &5

1_DataQueryDemo...lloWorld.aspx.cs| awstore.edm | AdventureWorks.edm | 1_DataQueryDemo...HelloWorld.aspx |

« % | Solution Explorer - Solution "EntitylINQD... » 3 X
“I% DataDemos_1_HelloWorld

| y¥Page_Load(cbject sender, EventArgs €) @] » 2
- : LINQDemos' (3 projects
Fusin g Q projects)

Query is created 2=

ies
public partial class DataDemos 1 HelloWorld : System.Web.UI against relevant Y
{ ntity data model
protected void Page Load(object sender, Event entity d ode S
:T,inpp.Conﬁg
¥ H] awstore.edm
= | CAwebsites\EntityLINQDemos\
i = | 1_DataQueryDemos
var query = from person 1in db.SalesPeople 3. (] 1_HelloWaorld aspx
where person.HireDate > new DateTime (2002, 1, 1) e
select person; %] 2 FoffachLoopaspecs
= 0. 350%

DataListl.DataSource = query;

DataListl.DataBind(); Query in terms of the
model and programming
language (VB and C#)

Results are .NET
objects, strongly typed,
support data binding

‘

Item(s) Saved

1 ..' HrArgea%h @9 EntityLINQDemos - ... - g [Com... Bl ADONETEntityFram... | (8 Tnbox - Microsoft O... 7 Ling to ADO.NET En... &) Microsoft PowerPor...

¥ 10:43 PM




Simulation




High 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

.Net Framework
LINQ: language
integrated query

Dynamic Language
Runtime

Fx/JIT/GC
improvements

Native support for
Web Services

Rapid application
development

Parallel debugging
Multiprocessor builds
Work flow design




F# 1S...

...a functional, object-oriented,
iImperative and explorative
programming language for .NET

Libraries |
Scalable | Explorative
m l I Interoperable

Strongly
-




Interactive 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: #1 <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 fTile(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 T x = (if x < 2 then x else T (x-1) + T (xX-2));;
val ¥ - Int -> iInt

> f




Example: Taming Asynchronous I/O

using System;
using System.IO;
using System.Threading;

public class BulkImageProcAsync

{

public const String ImageBaseNam
public const int numImages = 200
public const int numPixels = 512

// ProcessImage has a simple O(N
// of times you repeat that loop
// bound or more IO-bound.

public static int processImageRe

// Threads must decrement NumIma
// their access to it through a
public static int NumImagesToFin
public static Object[] NumImages
// WaitObject is signalled when
public static Object[] WaitObjec
public class ImageStateObject
{

public byte[] pixels;

public int imageNum;

public FileStream fs;

public static void ReadInImageCallback(IAsyncResult as

ImageStateObject state = (ImageStateObject)asyncRe
Stream stream = state.fs;
int bytesRead = stream.EndRead(asyncResult);
if (bytesRead != numPixels)
throw new Exception(String.Format
("In ReadInImageCallback, got the wrong nu
"bytes from the image: {@}.", bytesRead));
ProcessImage(state.pixels, state.imageNum);
stream.Close();

// Now write out the image.

// Using asynchronous I/O here appears not to be G

// It ends up swamping the threadpool, because the

// threads are blocked on I/O requests that were J

// the threadpool.

FileStream fs = new FileStream(ImageBaseName + sté
".done", FileMode.Create, FileAccess.Write, Fi
4096, false);

fs.Write(state.pixels, @, numPixels);

fs.Close();

// This application model uses too much memory.
// Releasing memory as soon as possible is a good
// especially global state.
state.pixels = null;
fs = null;
// Record that an image is finished now.
lock (NumImagesMutex)
{
NumImagesToFinish--;
if (NumImagesToFinish == @)
{
Monitor.Enter(WaitObject);
Monitor.Pulse(WaitObject);
Monitor.Exit(WaitObject);

public static void ProcessImagesInBulk()

Console.WriteLine("Processing images... ");
long t@ = Environment.TickCount;
NumImagesToFinish = numImages;
AsyncCallback readImageCallback = new
AsyncCallback(ReadInImageCallback);
for (int i = @; 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, @, numPixels, readImageCallback,
state);

}

// Determine whether all images are done being processed.
//=E&gnot, block until all are finished.

bool mustee £alse;

lock (NumImagesie

: Processing

if (NumImagesToFinish >"ev . ;

mustBlock = true; 200 Imag eS N
. parallel

Console.WriteLine("All worke
" Blocking until they complete. numLeft: {0}",
NumImagesToFinish);

Monitor.Enter(WaitObject);

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

}
if (mustBlock)

}

long t1 = Environment.TickCount;
Console.WriteLine("Total time processing images: {@}ms",
(t1 - t0));




Example: Taming AsyhaehienReus 1/0

Open the file,

synchronousl
Equivalent F# y Read from the

code file,
(same perf) asynchronously

let ProcesslmageAsync(i) =
async {_let__ 1nStream

File OpenRead(sprintf "'source%d.ipg"” i)

fet! pixels =3 _inStream.ReadAsvnc(nhumPixels)

let pixels” = Transformlmage(pixels,1)
This object let —eutStream—File - OpenWritelesprintft "resulthd. Jpg"™ 1)
coordinates do! | outStream.WriteAsync(pixels®)

do Console.WriteLine "done!" } Write the result,

asynchronously

let ProcesslmagesAsync() =
Async.Run (Async.Parallel
[ for 1 in 1 .. numlmages ->_ProcesslmageAsync(i) ])

Generate the

_ . , tasks and queue
= ESICIIoLE them in parallel



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

var q = from n in names.AsParallel()
where n_Name == querylnfo.Name &&
n.State == querylnfo.State &&
n.Year >= yearStart &&
n.Year <= yearEnd
orderby n.Year ascending
select n;

¢ Imperative data and task parallelism (TPL)

Parallel _For(0, n, i=> {
result[i] = compute(i);
1

® Data structures and coordination
constructs




Example: Tree Walk

Sequential Thread Pool

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

static void ProcessNode<T>(Tree<T> if (tree == null) return:
tree: Action<T> aCtlon) { Stack<Tree<T>> nodes = new Stack<Tree<T>>();
iIT (tree null) return; Queue<T> data = new Queue<T>();

nodes.Push(tree);

ProcessNode(tree.Left, action); e e otns Pop(:

= 3 - data.Enqueue(node.Data);
ProcessNode(tree.Right, action); it (node.Left 1= nully nodes.Push(node.Left);

action(tree.Data); , if (node.Right 1= null) nodes.Push(node.Right);

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

WaitCallback wc = delegate {
bool gotltem;
do {
T item = default(T);
lock (data) {
if (data.Count > 0) {
item = data.Dequeue();
gotltem = true;
3

else gotltem = false;

iT (gotltem) action(item);
} while (gotltem);

if (Interlocked.Decrement(ref waitCount) == 0) mre.Set();
}:
for (int i = 0; 1 < Environment.ProcessorCount - 1; i++) {

ThreadPool .QueueUserWorkltem(wc);
3

wc(null);
mre_WaitOne();




Example: Tree Walk

Parallel Extensions (with Task

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.waitQ;

Parallel Extensions (with Parallel

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

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

}




MPI.NET

e Supports all .NET languages
(C#, C++, F#, ..., even Visual Basic!)

e Natural expression of MPI in C#

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

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

string[] hostnames =
comm.Gather(MP1 _.Environment.ProcessorName, 0);

double pi = 4_0*comm.Reduce(dartsInCircle, (X, y) =>
return x + y, 0) / totalDartsThrown;

¢ Negligible overhead (relative to C) over TCP




Visual Numerics .NET IMSL Library

Linear Algebra  Nonlinear Equations ° Variancgs, Covariances and
Eigensystems . Optimization Carrslatons

Interpolation and S BEie Seistiee Multlva-rlate Angly5|s
Approximation Nonparametric Tests Analysis of Variance

Quadrature Goodness of Eit Tl_me_ Se_rles and Eorecastlng
Differential Equations Regression Distribution Functions
Transforms Random Number Generation

Object Browser - Class1.cs™

8¢ 0P _C5 Class1 x| |s®Mainistringl] args)

using 3ystem;

Flnamespace QP C3 {
E clasgs Class=s1 |
= static void Main(string[] args) {
double[,] h = {{Z, 0, O},
{0, &, 0¥,
{a, O, 2¥k:
double[,] aeqg = {{1, 2, - 1},
t1, — 1, 1ri:
double[] beq = new double[] {4, - Z}:
double[] o = new double[] {0, O, O}:

Imsl.Math.OuadraticPrograrmming op =
new Imsl.Hath.L

@r¢ MinConhLP

QI; tinlIncon

OI; tinU riconbd ulthy ar

0lg ModcoeptableStepsizeE soeption

0lg MonlinLeastSquares
al; MNatSPDE xception J
al; MurmencDifficultyE xception

0lg ObjectiveEvaluationE xception

0lg OdeRungekutta
@gF'enalt_l,lFunctionF'nintInfea&ibIeException LI




Porting With Subsystem for Unix Applications

e Subsystem for Unix applications
Subsystem for POSIX applications

Complete SVR-5 and BSD UNIX environment with 300
commands, utilizes, shell scripts, compilation tools

Visual Studio extensions for debugging POSIX applications
e Support for 32 and 64-bit applications

e Recent port of WRF V2.1.2

e ~1/3 million lines, Fortran 90 and some C using MPI,
OpenMP

e Traditionally developed for Unix HPC systems
Two dynamical cores, full range of physics options

Rapid community growth - more than
3,000 registered users

e Porting experience

Of 360K lines, fewer than 750 changed to compile and link
under Services for Unix

Largest number of changes involved the WRF build
mechanism (Makefiles, scripts)

Level of effort and nature of tasks was not unlike porting to
any new version of UNIX

Performance on par with the Linux systems




Using Excel to Drive Linpack

=, A Linpack Tukwila - V0.xlsx - Microsoft Excel Table Tools

Home Insert Page Layout Formulas Data Review View Developer Add-Ins Design

B175 - fe | 24000

=J=
| Linpack Parameters

HPL Input | tabPage2
Set Max/proc GF value to the theoretical max per processor based on its clock rate and architecture
Select the range of HPL input then cliv

Set NB, Bcast, P, Q and Nodes values for a row. PxQ should be equal to the total number of processors. o the button below

Set N to define the problem size and watch Mem MB (mem usage per-node) change
Set Exp Eff value and watch Exp Time in seconds be calculated Save HPL inputs

Select cells for which you want to
submit a job
NB should fit in the cache line

N should generate memory usage per node of 100+ MB and less than (total memory - 700MB) Submit Jab
P should be roughly quarter of Q value

Expected efficiency is 60%+ for GigE, 70%+ for IPolB and close to 80% for 1B with WSD - for large values of N
Query Status

Select the cells for which you want to
read the linpack resutt
MPI_HPL_PARAMS -

-env MPICH_SOCKET_SBUFFER_SIZE O Read Results
-env MPICH_SOCKET_SBUFFER_SIZE O -env M| -
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O -env M
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O -env O
-env MPICH_SOCKET_SBUFFER_SIZE 0 -env OF
-env MPICH_SOCKET_SBUFFER_SIZE 0 -env O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O -env M|
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE 0 -env O
-env MPICH_SOCKET_SBUFFER_SIZE 0 -env O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O -env O
-env MPICH_SOCKET_SBUFFER_SIZE 0 -env O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
-env MPICH_SOCKET_SBUFFER_SIZE O
231 32000 96 71,424 S -env MPICH_SOCKET_SBUFFER_SIZE O
232 32000 96 2 71,424 \ -env MPICH_SOCKET_SBUFFER_SIZE O v
M 4 b M| Sging | Linpack .~ Parameters - Mode Perf - BCast 1 Mode - PivotTable r > El_
Ready Filter Mode | P |1/ E25 [ 0 [psesant=)

Estimation data

4

175 1 96
176 96
177 96
178 96
179 96
180 24000 96
181 24000 96
182 24000 96
183 24000 96
188 24000 96
189 40000 96
154 24000 96
1495 40000 96
198 32000 96
155 32000 96
200 32000 96
201 32000 96
202 32000 96
203 32000 96
205 32000 96
208 32000 96
227 32000 96
228 32000 96
229 32000 96
230 32000 96

B < T o e o e o e R N R o e R = R |
RO RN RN RN N RN R NN R RN NN R RS RSB R N
00 00 00 00 00 00 0O 0O 00 00 00 00 B0 00 00 00 00 00 00 00 00 00 00 00 00 00 &0
MMM MMM MNRNRMNRRRBRRDB@ MRNRRRR BB 8BNS




Windows HPC Server 2008

»Rapid large scale deployment
and built-in diagnostics suite
»Integrated monitoring,
management and reporting
»Familiar Ul and rich scripting
interface

Systems
Vianagenent

Storage

»Access to SQL, Windows and
Unix file servers

»Key parallel file server vendor
support (GPFS, Lustre, Panasas)
»In-memory caching options

»Integrated security via Active

Directory

» Support for batch, interactive
and service-oriented applications
»High availability scheduling
»Interoperability via OGF's HPC

| Profile

| »MS-MP!I stack based on MPICH2

reference implementation
»Performance improvements for
RDMA networking and multi-core
shared memory

»MS-MPI integrated with Windows
Event Tracing




Ease of deployment

B Cluster KYRILFL - HPC Cluster Manager

File  View Options Go Help

Back Forward | Navigation Pane

_Cunﬁguratinn

Node Templates To-dolList

Images
Job Templates Configuration [Help)
Complete these four configuration steps first:
» Configure your network f_)
Chocse one of five network topologies for your cluster.
# Provide installation credentials .@

Specify the user name and password to use for system
configuration and when adding compute nodes.

» Configure the naming of new nodes (@

Specify the naming convention to use when generating
names automatically for new compute nodes.

+ Create a node template -@-

Create a template that defines the steps to follow when
configuring a compute node.

Add an operating system image

Create a new image or load an existing image to use with your
node templates when deploying compute nodes.

Add ar remove users
Add or remove users or administrators for your cluster.

FrErERERE Add compute nodes

Configuration Add compute nodes to the cluster by choosing one of three

supported options.

Node Management Manzage drivers

Mdd devi ivers ina s\ images
S T —— Add device drivers to the operating system images.

Join the Customer Experience Improvement Program

| Diagnostics Help Microsoft identify which HPC features to improve.

Charts and Reports

Node Management [Help)
Change the role of the head node

Assign additional functicnality for the head node.
View operations

See a list of current and past node operations.
Open the remote desktop toal

Access your compute nodes from a single terminal window.

Job Management [(Help
Create a job template

Job templates help simplify and constrain the job submission
process.

Caonfigure job scheduler policies and settings

Customize policies, error handling and filters for your cluster.

Diagnostics [Help)
Walidate your cluster

Run tests to validate cluster functionality or troubleshoot
failures.

Learn more

Overview of Windows HPC Server

Online Resources for Windows HPC Server




Ease of Deployment

E# Cluster KYRILFL - HPC Cluster Manager
File  Wiew Actions Options Go Help

(3 Back

To-do List
Network

; Configure Network ...
H Save Report ...

Configuration
Network Configuration
() Head Node — Enterprise Network Mode Templates

A Compute Node Private Network Job Templates

Managing Cluster Users
As with topology 1. communication between nodes, including deployment, management. and application
traffic, is all carried on the private netwark, but in this configuration the enterprise network is attached to all
cluster nodes.

Mame: Local_Area_Connection

Device name: Intel(R) PRO/1000 PL Network Connection
IP address:

Subnet maskh:

Domain: redmond .comp microsoft.com

Link speed: 1 Gbps

Status: (Offline

MAC address: 00-16-D3-37-77-F&

Metwark Direct: False

Bound to network:
Configuration

Mame: Entemprise

. Device name: Intel(R) PRO/Wireless 3945ABG Network Connection
Job Management = IP address: 128141225 M4

Subnet mask: 25525500

Domain: cem.ch

Link speed: 24 Mbps

Status: Online

RAAS —Ademmm - nn A8 M7 A4 CC 07

Node Management

Diagnostics

Charts and Reports




Single Management Console

Cluster LOCALHOST

-H
File  Wiew  Actions

'J Back Forward |Navigation Pane |2] Actions | — Colurin Chooser

Node Management ComputeNodes (5

& Nodes (5) List | Heat Map
EI--Ernup
i i~HeadModes

Options Go Help

Actions

Search nodes by name W| Node

Take Cnline
) Take Offline

| Location
Chaszis 1, Rack 1
Chaszsziz 2, Rack 1
Chassiz 1. Rack 2 =
Chassiz 2, Rack 2 Reboot
Chasgziz 3, Rack 2

| Mode Template
HeadModeT emplate
Default ComputeMode Templa...
Default ComputeMode Templa...
Default ComputeMode Templa...

Metbios Mame = | State
- ComputeNodes CRALMER-HM1 Online
- WcfBrokerNodes MY CLUSTERSO03 Online
- Rackl MY CLUSTERSO04 Online
¢ -Rack2 MY CLUSTERSOOG Online
2 Status &3 MYCLUSTERSO0E  Offine
- Mode Template
- WunderApp Node Ter
- Default ComputeModi| | 4 |
- B‘iﬂﬂﬁt&ﬂ:ﬂmﬂ' ! Node MYCLUSTERS003 Executing operations: 0 Patch
- Default ComputeNod
- HeadModeTemplate
E- Dperations

Force OFfline

() Run Command

Add Mode

Re-image

Change Role. ..

.F'ropertiesl Netwurkl Metics  Operations

Lazt Updated | State

I Name Delete

1]

.- Archived

.. Committed
Executing

- Failed

& 5 Configurations

‘1;1' MNode Management

Job Management

a_“."_'f| Diagnostics

Charts and Reports

24742008 4:20:13 M
24742008 4:13:50 P
24742003 4:13:24 PM
24742008 4:18:53 PM
24702008 4:12:47 P
24742003 4:03:17 PM
24742008 3:24:33 PM
24742008 3:24:08 PM
24742003 3:14:57 PM
2472008 111716 A
2/6/2008 10:17:10 P
2/6/2003 10:12:07 PM
2/6/2008 10:07:04 P
2/6/2008 10:02:01 P
2/6/2003 3:56:58 PM
2/6/2008 3:51:55 PM
2/6/2003 3:46:52 P
2/6/2003 3:.41:43 FM
2/6/2008 3:36:4E P
2/6/2003 3:31:42 PM
2/6/2003 3:26:33 FM

Committed
Coarnrnitted
Committed
Committed
Coarnrnitted
Committed
Comrmitted
Commited
Committed
Comrmitted
Commited
Committed
Comrmitted
Commited
Committed
Comrmitted
Commited
Committed
Comrmitted
Commited
Committed

02/07/2008 16:20:13

Adding nodes to group Rack

Femaving nodes from group Flack2

Removing nodes from group Rackl

02/07/2008 16:12:47

Updating the configuration of HPCDEY MY CLIJSTERS003
02/07/2008 15:24:39

Updating the configuration of HPCDEYVSMYCLUJSTERBOO3
02/07/2008 15:14:56

Bringing nodes online

Dizcavering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST ..
Dizcavering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST ..
Dizcovering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST...
Dizcovering the configuration of node 'HPCDEWAMYCLUST ..
Dizcovering the configuration of node 'HPCDEWAMYCLUST ...
Dizcovering the configuration of node 'HPCDEWAMYCLUST...

Reject
Spprove

Assign Mode
Template

7 Edit
i Export Nade XML

'._E" Fun Diagnostics

B= View Performance
Charts

4 Open Event Viewer

Tutorial Help
Pivot To

Jobs For the node
Diagnostics For the node

Operations For the node

Data updated: 2/7/2008 4:20:23 FM,




Integrated Monitoring

i Cluster LDCALHOST
Fla WView Go Mode Heip

- Bach | Mavigation Pane | .1 Actions |
State /Offline
Overview - .
'
All Modes Matnc pu Lisasde -

Custom Tags
M Tag Mame
Stale
Online
Difline
Uirskcrvovwen
Provisioning " i
Starting
D aiinving ;
SRS — = | Cipen Event Yievaer
Rejected i 4
Templates
Job Profiles

7% Delste

Remote Degkiop

Take Onlire

H.j Start Lp

1
i Rebook
e R . : ;
| 1 :
. Conligurations o i

;--' Bl Mamagenment

A Dperations - hssgn Template

= | = Magnostics &

W pe-mage
Job Management

Reports

Data updated; 8/21/2007 8:23:34 AM




Comprehensive Diagnostics Suite

EZ Cluster LOCALHOST

File  Wiew  Actions

{3 Back
Diagnos

[E- Diagnostics

Options

Help

Forward | Navigation Pane | <] Actions

Filter:

4

E- Tests
i i.Scheduler

Mame

| Resuilt

| Test Suite

| Target | Last Run

- SErvices

.. Connectivity

- Systeny Configuratii
- Performance

FirewallConfigurationRepart
M piFingPongT est
SirpleSchedulerT st
SimpleSchedulerTest
ActiveDirectanyT est

Success
Running
Runiing
Running
Success

Syzten Configuration

Performance
Scheduler
Scheduler
Connectivity

MYCLUSTERAOOS
2 nodes
MYCLUSTERAOM
MYCLUSTERSO00
3 nodes

2/7/2008 9:40:00 PM
2/7/2008 3:28:07 PM
2/6/2008 11:26:25 AM
2/4/200811:18:02 PM
2/4/2008 11:16:10 P

9. Test Results

- Running

- SUCCESS

- Warning

- Failure

- FailedToRun
.. Complete

4

4 - Configurations

:”:.' Node Management

... Job Management

:\I_—l Diagnostics

Charts and Reports

MYCLUSTERS003

20 Succeeded X

s The firewall is enabled

Name

Application

Windows Communication Foundation
Met, TCP Listener adapter {TCP-In)

NetTcpactivator

Core Metworking - Destination
Unreachable {ICMPvE-In)

System

Core Metworking - Destination
nreachable Fragmentation Meeded
(ICMPy4-In)

Core Metworking - Dynamic Host
Configuration Protocol (DHCP-In)

Core Metworking - Internet Group
Management Protocol (IGMP-In)

Core Metwarking - IPvG (IPvE-In)

Core Metworking - Multicast Listener
Daone (ICMPvE-In

Core Metworking - Multicast Listener
Query (ICMPvE-In}

Data updated: 2/7/2008 9:44:21 PM,




Built-in Reporting

EZ Cluster LOCALHOST

File ¥iew Options Go  Help

Back (g Forward Actions

Charts and Reports | Job Throughput

~Monitaring Charts Ciuration IDa-"' | GroupBy
[E-Reports
.. Job Resource Usage Date |2"45"'2DDS j &

Job Throughput =R e ‘ E A Find | Mext

Job Turnaround

Node Availability

- Cluster Utilization Total Mumber of Users: 3

Group

Job Throughput Groups
(Sorted by # of Total Jobs in descending order)

I # Finished Job
#Failed Job
#Canceled Job

#of Johs

HPCDEV adrminist... ' NT AUTHORITYSY.
HPCDEY cpalmer

User

B Expand to see data

User * #of & | %of 2 #of 4+ | %of + [#ofTotal 4
Finished Finished Canceled Canceled Jobs

Jobs Jobs Jobs Jobs

HPCDEY\administrator 216 100.00 % 0.00 %
HPCDEWzpalmer 3 100.00 % 0.00 %

NT 2 BE.67 % 0.00 %
AUTHORITYASYSTEM
Total 21 99.55 % 0.00 % 22

Al dates and times and shown in Pacific Standard Time Page 4 of 4

- 5 Configurations

”:\' Node Management

. Job Management

-_.‘.':I Diagnostics

.| Charts and Reports




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

S -- - = -
Spring 2008, Umea, ~#50 ’ '_ ¥

nhdd g 5376 cores, 46 TF, 85.5%

=090 il
| ,ﬂ_—JffJOfJ\/'—‘HJr‘ﬂr _.

//*’// AN 2007, Microsoft, #116
Bk 2048 cores, 11.8 TF, 77.1%

Spring 2007, Microsoft

( 2048 cores, 9 TF, #106

lh | . : l‘

hi'

] Sprlng 2006, NCSA, #130
896 cores, 4.1 TF




Collaboration




Sharing Excel Spreadsheets

With Excel Services

Spreadsheets

Author & Publish = =

Q¢

oo e
Ve BTG |
Interact
Spreadsheet/Snapshot "
\&

/)
L e Ll
\

4 N

£
¥

Browser

e

Open

Web Services \ client

W,

Access

g,

Custom
applications




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

) Excel Web Access
: File Edit Wew Favorites Tools Help

Address hth_:_:l." /

— Excellenfvisual
e Site fideli ing all
0 ne nal
- | E G q | | | ] | e formatting

e 5 T : TCTTIRTITS = 7 = | hdmanall =

$305.60 $8.135.73 Nashua $0.00 [ $363,526.82
347529 $44,970.98 Houston $106,521.28 [JNS336,718.41 580,

$563.29 $62.737.64 Tooele $88,003.66 1 $247.559.40 $361 627 85 $179 916.29
$489.77 -318,468.62 San Antonio $80,209.81 I $330,503.43 Wy $135 435 69
5394 .55 §64,288 92 Loveland 57008630,  $185953.25 $373,004.50 $187.309.20
$435.06 -535,760.49 Bellingham 5000 $181,591.25 %364 651.89 $201,959.57
$500.69 -§24 512.87 Lacey $67.451.77 5190.,838.51— $187.964.84

100% and Top 10 Cities Sales over Time

scH jent $600,000.00
compaenents $500,000.00

m— et e
m— 5ar|and
E $400,000.00 : N, [ ]emphis
[a7 | ’ m—lEshuz
21

128 | "
29 $200,000.00 A s~ an Antonio
130 | : — ; = oveland
31 $100,000.00
i $0.00 |
133 CY 2001 CY 2002 CY 2003 CY 2004

<
[H 4 v W Sheetl A\ Sheet2 /\ Sheets /

$300,000.00

Bellingham

&] Done %4 Local intranet

Confidential — Microsoft Corporation




Reusable Business Logic

Incorporate Excel models in business applications

-~
Mortgage Calculator - Microsoft Internet Explorer E]@EJ
I
i

File Edit ‘ew Favorites Tools  Help

O O @O P Frro 3 B

bl - (= &+ @Mortgage Calculator

Web Part: Source Workbook: Open in Excal
A 8 ] c [ o ]

Calculate
spreadsheet worsonil rene
and Set and Interest Rate 6.00) %

>
get Values Total Payment $1,498.88 month

Reusable
Simple Calculator
Principal: $250,000.00 i
Interest: 6,00 We b

Lengtt: £l rendered UI

Total: $1,498.88

[ [~ [@]o][wlr]—

Code:
/4¢ Calculate the workbook by calling the Excel Server Webh Service API remotely
£4¢ The Weh Zervice will he called at ExcelderverWebServiceDTrl.

private woid CaleculatelUsinglWebService ()
{

Status[] status; ==

string sessionlId = null:; CrOSS

// initiamlize the excel server

HlMortgageCaloWebPart . Es.ExcellService es = new platform Web

XlMortgageCalcWebPart.Es.Excel3ervice () ;
ez.1rl = this.ExcelServerliiebServicelrl: 1
es.Credentials = Jystem.Net.CredentialCache.DefaultCredentials; SerV|CeS

.
/4 open the workhook Interface
sessionld = es.Openlorkbook(this.MortgageCaloulatorWorkbookUrl, "en-US",

"en-T3", out status);

£/ set the walues from the form
e5.3etCelldl (sessionld, "SimpleCalculator™, "Mortgagelmount',

To view the web service ASMX file, click here.

& Localintranet




Reusable Business Logic
Incorporate Excel models in business applications

-
3 Excel Server M0 Demo - Microsoft Internet Explorer
Fle Edit view Favorites Tools Help links [ Specs [5)Deals &) CNET @] Excte &]Market &]MsN 4] Specs ([ VPC

QBack M > IiLI \ELI _;‘_ /-‘: Search U\ Favorites @Media G-‘ L= (<] I ﬁ "}‘i EI

T
Address @j http://danbatt08 webdient/BSOptions. aspx

Go g]{:‘v w %Search Web - @ éQ @ @69 blocked EOptions

Microsoft® Office System
Cln

r:3Excel Senver

Inputs Qutputs
Asset Price Call value

Exercise Price Call Value (w/Div)

Risk Free Rate Put Value

Volatility (B) Put Value (w/Div)
Years to Exp.

Dividend Yield

Call Semvice ][ Cancel

%4 Local intranet




Workflow Design for Sharepoint

JupiterMediaWF - Microsoft

File Edit Wiew Project  Build

H-d @ & 5

1 Delay
EventDriven
EventHandlingScope
FaultHandler
HandleExternalEvent
IfElse
InvokeWebService
InvoketiorkFlow
Listen
Parallel

~ Policy
Replicator
Sequence
Suspend
SynchronizationScope
Terminate
Throw

Transactionacope

ZompensatableTransackions. ..

wWebServiceInput
WebServiceQutput
WehServiceFault
Wil

J'J Onworkflowactivated

= General

There are no usable controls in
this group. Drag an ikem onto this

-

Debug  Data  Test  Tools  Window  Community  Help

i v~:ﬂﬁ“>§°iﬂﬂ'£

el

workFlowl.cs* "Workflowl.cs [Design]* | Start Page |

= 2EEEA

Sequential Workflow

9

ot orkflow
ﬁi} Activated]

!

whileActivityl
o

; 1cDI:IE.-’-"«cti\n'it_l,l ‘

= codedichiviy ‘
D 2

O]

- [:5] References

3 Microsoft, SharePoint

13 microsoft, sharepoint, portal

{3 Microsoft, SharePoint, Workflowactic
1 Syskem

{3 System.Data

{3 System.Design

{3 System.Drawing

{3 Syvstem.Drawing. Design

{3 System. Transactions

13 System.eb

1 System.web, Services

{3 Swstem,warkflow, Activities

{3 System,warkflow, ComponentMode

{3 Svstem.workflow, Runtime _ILI
. (R

———

Workflowl.cs File Properties

A
z

= Advanced
Build Action Compile
Copy ko Oukput Direct Do not copy
Zustarmn Tool
Cuskom Tool Mamespzs
H Misc
File: Marme: WorkFlow] . cs
Full Path C\Projects) Jupiteriedia

Advanced

Zch Errar List

Ready




Workflow Tracing

# = Poc.Workflow.Fisher - Workflow Monitor
File  Wew  Monitor
Sorkflow Status

Wy Mew WorkFlow, . "'-{,. Edit this \Workflow, .. QD | 100%

+ From 01/01/200C Unkl 26/10/200¢ Ackivity Name

IR

Property

4, Workflow Instance ID 00000C &, ()

Wworkflows - 185 records

Id | Marme | Statuz

=]

Poc wWorkflow Fisher
Poc.Workflowv Fisher
Poc Workflow Fisher
Poc wWorkflow Fisher
Poc.workflow, Fisher
Poc.Workflow. Fisher
Poc Workflow Fisher
Poc.workflow, Fisher
Poc.Workflow. Fisher
Poc Workflow Fisher
Poc.\wWorkflow, Fisher
Poc.Workflow. Fisher
Poc Workflow Fisher
Poc.\wWorkflow, Fisher
Poc.Workflow. Fisher
Poc Workflow Fisher
Poc.wiorkflaw. Fisher
Poc.Workflowv Fisher
Poc Workflow Fisher

Completed
Completed
Completed
Terminated
Completed
Completed
Completed
Completed
Completed
Completed
Teminated
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Fiunning

]

Achvities

- Create' orkingDirectory [ Clozed] - 25/10/2006 - 10:34
CopyGene [ Executing] - 25/10/2008 - 10:34
CopyGene [ Cloged] - 25/10/2006 - 10:34

+]- CopyCase [ Executing) - 25/10/2006 - 10:34

- CopyCasze [ Clozed] - 25/70/2006 - 10:34

- CopyPerm [ Executing] - 25/10/2008 - 10:34

- CopyPerm [ Closed] - 25/10/2006 - 10:34

- Copylnel [ Executing] - 25/10/2006 - 10:34

- Copylncl [ Closed) - 25/10/2006 - 10:34
CopyMap [ Executing] - 25/10/2006 - 10:34
CopyMap [ Clozed) - 25/10/2008 - 10:34
CopyExe [ Executing] - 25/10/2006 - 10:34

+]- CopyExe [ Cloged) - 25/10/2006 - 10:34

- MotifyCopied [ Executing] - 25/10/2006 - 10:34

|- MatifyCopied [ Closed) - 25/10/2006 - 10:34
Fizherl [ Executing] - 25/10/2006 - 10:34
Fizherl [ Executing) - 25/10/2008 - 10:34

[+~ Figherl [ Executing] - 25/10,/2006 - 10:34

Connecked to: sqliwarkflowTracking rMonitoring

=l

!

[

= ErecuteCluster)obs

ol

41 Fishert

Matify the &

.i'J ‘Motifyl abFinished

|
!

= LoadResultsD ata
5
T ¥

zinglepazs

@

Run dtsx database package

4 Loadoneway

interactionz:

&l

Run dtsx database

.tJ 'LoadTwola




; Home - Liver - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit ‘“iew Favorites Tools Help | ,’
QBack ~ i - [*] [2] «» | ' Search - Favorites % - ol [w) - i
&ddress Ejhttp:,l',l'hp[lldual4:31696,l'persu:nnal,l'paul,l'Liver,l'deFault.aspx j a Go | Links **
Paul Appleby welcome Paul Appleby * | My Sike | My Links = | (@) ;I
@g .

@=® Liver | This site: Liver = R

Big Project  ARC Anakysis  RHA  gliver Site Actions -

Wiew All Sike Conkent Faul Appleby = Liver

Results Yiewer Welcormne to the site, From here you can: Links -
Documents

load dat @ Ensembl

= Shared Documents . LI 0ad negw data; a MIEHI

= Association Wiki ¢ find wha_Jlata has been uploaded;

- ® preprocess data in preparation for association analyses; add new link

Lol ® run association analysis jobs;

= Tasks e maonitor the state of jobs you are running; Tasks -

= fssociation Analysis & view the results of current and past analyses, Title Assigned To

= Workflow Tasks
arEfloe Tas Prepare Gene & Case

i 1
Discussions R5S Viewer . File 1 MEW

= Team Discussion

Prepare permukation

. . el
Genetics current issue fle e
Sites [Perspectives] Learning the Common Language of Genetics Upload Data Files 1w
People and Groups add new iterm
2] Recycle Bin [Review] Sometimes the Result Is Mot the &nswer: The Truths and the Lies That Corne From
Using the Complernentation Test Page maintainer -

Peter Crowther
[Senorme integrity and transmission] Discovery and Mapping of Wheat Phl Suppressaors

[Genore integrity and transmission] A& Sequence-Tagged Linkage Map of Brassica rapa

[Genome integrity and transmission] Different Mating-Trpe-Regulated Genes Affect the DMNA
Repair Defects of STaccharomyces RADSL, RADSZ and RADSS Mutants

éj http:/fhp01duald: 31696 personal/paulLiver finternalsfupload. asp:x l_ l_ l_ l_ l_ |\J Local inkranet
|



; Association Analysis - Microsoft Internet Explorer provided by MTC Thames ¥Yalley

File Edit ‘iew Favorites Tools Help | ,'
@ Back ~ (J - [x] [2] . | - Search -7 Favarites 4% | ~ i [fw] ~ ol
Address Ejhttp:,l',l'hpEI1dua|4:31696,l'persu:unaI,l'|:|a|_|I,l'LiverILists,l'.ﬁ.sscu:iatiu:un“.-"o2D.ﬁ.nalysis,l'.ﬁ.llltems.aspx j a G0 | Links *
Paul Applebey Welcome Paul Appleby = | My Sike | My Links = | @ =
883 Liver
o |This List: Association Analysis ;I g e
Big Project | ARC Analysis  RHA  pLiver Site Actions -
Paul Appleby = Liver = Association Analvsis
| 3 Association Analysis
Wigw .ﬁ.li Sitia C.L'ui'-ute.nt Ise this lisk to manage vyou associakion analysis jobs
Results Yiewer T | - | Actions = Settings = Wigw: | All Tkems -
Documents Association analysis iation Analysis
" =i, A specification of a regression kesk of
Shared Documents — messures aqiafst casgs,l'cu:untru:uls iation Analysis" lisk, To create a new ikem, click "Mew" above,
= fAssociation Wiki
Lisks
= Tasks
= fAzsociakion Analysis
= WorkFlow Tasks
Discussions
= Team Discussion
Sites
People and Groups
2] Recycle Bin
e
féj Done | |\J Local inkranet




; Association Analysis - New Item - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit ‘“iew Favorites Tools Help | ,’
QBack ~ 3 - [x] (2] . | - Search - Favorites 4% ~ om fiw] - o
Address ?éjhttp:,l',l'hpﬂlljl.lalq':31E\9E\,I'|:IErSIIII'IEl|,I'|:IEILI|,I'|.i"v'EI’,I'LiStS,I'n':'|SSDIZiEltiDFﬁ"oEDP-FIBl‘:.I‘SiS,I'NEWFDFm.ElS|:IX?Rl:Il:ItFIII|dEr=D.I'IQEF|:IEI’SIZII'Ialo.'"o2F|:IEl|.I|°."'o2F|.i"v'Er°.'"o2FLiStS°."'o2FP-SSDEiatiDnofozﬂnﬁ-nah"Sj a Go | Links *

Paul Appleby
=] .
@5s Liver

Big Project | ARC Analysis  RHA  gliver
S

[l attach File | %7 Spelling...
Title *
Compressed Measures {.gene) File Mame *
CasefControl (.case) File Name *
Permutation (.perm) File Name *
Included Measures (.incl) File Name *
Genome Map {.map) File Name *
Operation Mame *

P-¥Yalue Thresheold {(example: 1e-6) *

Faul &ppleby = Liver = Association Analysis = Mew Ikem

Association Analysis: New Item

wWelcome Paul Appleby = | My Sike | My Links = | @ ;I

| This Site: Liver

K

=i

0

Site Ackions ~

Cancel

*indicates a required Figld

—H

ILiver te|

| affy100k.10000.perm |

| affy100k.10000.perm |

| affy100k.10000.perm |

| affy100k.10000.perm |

| affy100k.10000.perm - |
| =l

6].4

Cancel

|2:| Daone

I_ I_ I_ I_ I_ % J Local intranet




4} Association Analysis - Liver test for marker XYZ - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit ‘iew Favorites Tools Help

Q) Back ~ i) ~ [*] [ , | - Search - Favorites 4% = o l(w) - el
Address :EE]http:,l',l'hplil1::|ua|4:31EuQEquersu:unaIIpauI,l'Liver,l'Lists,l'.ﬁ.ssu:u:iatiu:un".-"oEDﬁ.naIysis,l'DispFnrm.aspx?ID=1&Su:uuru:e=http°.-"o3.ﬁ.°.-’o2F°.-"o2thD1::|ua|4°.-".:3.ﬁ.31696%2F|:|ersu:unal".-’.:EFpauI“foEj a Go | Links *

Paul Appleby WWelcome Paul Appleby = | My Site | My Links = | @ ;I
e .
@== Liver [ This Site: Liver - »

Big Project | ARC Analysis  RHA  gliver 5ite Actions ~

Faul &ppleby = Liver = Association Analysis = Liver test For marker ®YZ

Association Analysis: Liver test for marker XYZ

Close |

CAEdit Itern | & Delete Itern | BBManage Permissions | (¥ Worlkf] rlq}s Alert Me

Title Liver test for marker ¥vZ2

Compressed Measures affy100k.gene
{.gene) File Name

CasefControl {.case) File affyl00k.case
Mame

Permutation {.perm} File  affy100k.10000.perm
Mame

Included Measures affy100k.incl
{.incl) File Mame

Genome Map (.map]} File  affy100k.map

Mame
Operation Name singlepass
P-¥Yalue Threshold 0.0001

{example: 1e-6)

Content Type: Association analysis
Created at 25/10/2006 11:07 by Paul Appleby Close |
Last modified at 25/10/2006 11:07 by Paul Appleby

=

2] http:/jhp01dual4 31696 personalfpaulLiver]_lavauts/wiorklow. aspx?ID=18List=45265758-Sbd8-4c22-8473-6382f55ad 3befSource=http s 34 L1 || 8 Localintranet



I

I Inbox - Microsoft Cutlook =
© File Edit Wiew Go Tools  Adions  Help Twpe a question for belp =
P adNew - | g L3 ~@PReply (g Replyto Al (g Forward | S W | L2 Send/Receive = [ | [ Search addressbooks = | (@) o
Mail « ||l Inbox G Create Rule.. (99 Edit this task... To-Do Bar oS
Favorite Folders & || search Inbozx ol A+ . 4 Cictaober 2006 b
. | | Workflow Tasks - Liver test for marker XYZ has
ipllnbre] |Click here to enable Instant Search | [ W T W T F S S
O Uread Mail been assigned to you 1
= Arranged By: Date Mewest on to .
=] sentltems 2 P Liver pworkflow@mtcpocnet] 3 13 1: 13 1: 1: 1§
el folders = = Today sent Wed 25/10/2006 11111 16 17 18 19 20 21 22
2] All Mail Tte ms Ml e G || Tor Peter Crowther 23 24[28] 26 27 28 29
| Liver g ;
o . a0 31
= \éi Mailbozx - Peter Crowthe Workflow Tasks - Liver test far ma... ] i
{a) Deleted kems [1]
ﬁﬁﬁj: o Task assigned by Paul
L Jurk E-mail ApplEb‘y‘ on 10/25/2006.
5] Duthox Mo upcoming appointrents,
LEY RE5 Feeds
L] Sentltems Warkflow For Liver test For marker X2
+ L Search Falders
+ 5 SharePoint Lists
To complete this task;
Arranged By: Due Date |
1. Review Liver kest For marker ¥¥Z,
% I 2. Perform the specific ackivities required for this bask. : I Type a new task |
3, Use the Edit this task button to mark the task as .
completed. (IF vou cannot update this kask, vou might not = There arin; r;ﬁi;tsiren;tn she
hawe access to it Click here to request access.) '
] Mail
o| Calendar
&=| contacts
=T,
ﬂ Tasks
_-.J La e -

1Ttem All folders are up to date, ﬂ Connected to Microsoft Exchange ™




/) b =
. () = @~ 7
Eile  Ed ]
. hMessage L7
2 Mew = d ﬁ
—— =18 3 % . 3 Find
| i x B Neg o oo @@ Safe Lists - = v ¥
Mail @ —m —@ _é —J __J"}r 93/ JE ] J %Related*
Favorite Fl Edit this || Reply Reply Forward | Delete bMowe to Create  Other Block Mot Ik Categorize Follow Mark as
Task to Al Folder= FRule Ackions~ || Sender - Up~ Unread by Select
LATnb 1 open Respand Adtians Junk E-mail P Options P Find
L Uiy
L= Sen From: Liver pworkflow@mtcpoc, het] Sent: Wed 2571072006 11:11
Mail Folde 12 Peter Crowther
oo
EA“ Mai Subject: Workflow Tasks - Liver test for marker ¥X¥Z has been assigned to you
= E6F Ma T
@ | pr best for marke X ]
2. Task assigned N
= Approve Cluster Job
e WorkFlow For Liver test For mar -
L Comment Field:
= -
7 5 This looks ﬁne,| I
+ =4 Sha Ta camplete this bask:
1. Review Liver test for n
2. Perform the specific ac
3. Use the Edit this tasl L access,)
Feject Hold Approve
=
] Mail
“Ta| calen
&=| cont
@ Tasks
-

1Ttem




; Workflow Status - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit ‘iew Favorites Tools Help | ]
QBack ~ (J - [*] 2] = | - search - Favorites 4% i lw] - i

Address :E_ﬁ"lhttp:,l',l'hpIII1|:|ua|4:31E-96,l'persl:nnal,l'pauI,I'Liver,l'_layauts,l'erStat.aspx?LisI:=°.-".:-?|:|45265?58%2I:ISBD8°.-".:-2|:|4C22%ZdS4?3%2|:|6382FSSADSBE°.-"o?I:I&'l.-'l.-'DrkfIDwInstanceID=°.-’o?bj a Go | Links *

. B
@ Liver
Big Project | ARC Analysis  RHA  pLiver

FPaul Appleby = Liver = Association Analvysis = Workflow Status

Workflow Status: Association Analysis

Workfow Information

Initiator: Paul Appleby Tkem: Liver kest For marker ¥¥7
Started: 25)10/2006 11:03 Status: In Progress
Last run: 25/10/2006 11:15

If an error occurs or this warkflow stops responding, it can be terminated. Terminating the workflow will set its status to Canceled and will delete al
& Terrninate this workflow now,

Tasks

The Fallowing kasks have been assigned ko the participants in this workFlow, Click a task to edit it, You can also view these tasks in the lisk Workflow Tasks,

Peter Crowkher Liver kest For marker 22 1 HEW In Progress

Workflow History

The Fallowing events have occurred in this workFlow,

25/10/2006 11:03 Warkflow Initiated Syskern Account Warkflow Started
25/10J2006 11:03 Task Created Syskern Aocount Workflow Task Created
25/10/2006 11:15 Camment Sy Sh T LCCI0 LI | i
25/10/2006 11:15 Comment System Account | 0y workflow@mtcpoc.net Tt
Liver best For marker B¥E m
Your job has Finished runnitkr-on the cluster and the
i of X results are being processed <endz —

a| | _’IL
&) Done I_ I_ I_ I_ I_ % J Local intranet




; Workflow Status - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit Miew Favorites Tools Help | *
OBack v igd T |ﬂ Iﬂ ¢ | ) Search <7 Favorites 42 * i v - &

Address :'{1']http:,I',I'hpIII1dual4:31696,1'persu:unal,|'|:|auI,l'Liver,l'_Iaw:uuts,l'erStat.as|:|x?List=°.-"o?I:u45265?58%2|:|5BD8°.-’o2u:I4C22°.-"o2u:|84?3%2|:I6382F55P.DSBE%?u:I&Wu:urkflcuwInstanceID=°.-’o?I:uj a ao | Links *

. Al
#&= Liver
Big Project  ARC Analvsis | RHA  pliver

Faul &ppleby = Liver = Association Analvsis = Waorkflow Status

Workflow Status: Association Analysis

Workflow Information

Initiator: Paul appleby Item: Liver kesk For marker 5¥Z
Started: 25/10/2006 11:08 Status: In Progress
Last run: Z5/10J2006 11:16

If an error occurs ar this workflow stops responding, it can be terminated. Terminating the workflow will set its status to Canceled and will delete al
& Terminate this workflow now,

Tasks

The Following kasks have been assigned to the participanks in this workFlow, Click a task to edit it, You can also view these tasks in the list Workflow Tasks,

Peter Crowkher Liver test For marker %42 | vEw In Progress

Workflow History

The Fallowing events have occurred in this warkFlow,

25/10/2006 11:08 Workflow Initiated Syskern Accounkt Workflow Started

25/10/2006 11:08 Task Created Syskem Accounk Workflow Task Created
25/10/2006 11:15 Comment: Syskern Account Workflow Job Approved
25/10/2006 11:15 Zaomment System Account Files Copied & Cluster Job Queued
25/10/2006 11:16 Comment: Syskern Account Cluster Job completed

4|

| r
& Done I_ I_ I_ ’_ I_ % J Local intranet




a internals - Results - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edt ‘ew Fawvorites Tools  Help | o
QBack ~ (J - [*] [2] = | - Search - Favorites 4% | i fiw) - G
Address féjhttp:,I'J'hpEI1u:IuaI4:316'SlG,f|:|ersu:nnal,l'|:|au|,|'Liver,l'internals,l'ResuIts.aspx j a o | Links **
Home T Report Builder = 4l
[ Reporti [3 resultsbyreaion
|j resultsbyMarker ﬂ Zingle-pass measures for experiment
ﬂ resultsbyPathway ﬂ Two-way measures for experiment LI
Report Yiewer -
Experiment |Fisher Workflow run ended 2006-10-25 11:19:55 +| Minirmurn Chi-squared |15 Wiew Report |
4 4 Il_ of & Pl | 100% = Find | Mext | Select a format =] Export  [§] =] «
Single-pass measures for experiment r
Chromosome = z Chi Square S Empirical p-¥alue =
q rsl227458 158,544 0,099E-05
20 rs97e768 107.888 9.999E-05
7 rs2734062 106,556 0,099E-05
g rs1025928 103.784 9.999E-05
& rsd128336 85,2886 0,099E-05
1z rs10506822 78.0319 9.999E-05
a8 rs10304421 75,5093 0,099E-05
1 rs629760 F0.3255 9.999E-05
3 rs10511117 58,9053 0,099E-05
B rs2729013 67,9387 9,.900E-05 o
11 rs963960 62,8091 0,099E-05
13 rs10507507 58,5706 9,.900E-05 i
15 rs10300367 56,8849 0,099E-05
15 rs10512943 56,7858 9,.900E-05
& rs6930406 26,0217 0,099E-05
|2:| Dione l_ l_ l_ l_ l_ |!J Local intranet



a internals - Results - Microsoft Internet Explorer provided by MTC Thames Yalley

File Edit ‘Wiew Faworites Tools Help

OBack N Ii'] |E|] S | ' Search ' Favarites 42 - i [iw] - i:b

Address @j hittp: ffhp01duald: 31696 personal/pauliLiver finternalsiResults, aspx

~| e |Links »

|Homa sapiens (human) x| Go| current selection  Select

JAESTATSIGNALING PATHWAY

- — — g Lysozomal
r protealyais TThiguitin mediated
proteolysis

L3 e —
Homo! he tero
ILG STAT dimers
| I |

=]
o [om]

N E=

D

] FIEK ] AKT - ————w  Antiapopisis

04630 1506

CGrowt
—— - fate.
dewvelo]

4= Cell Cwcle

+D Rasl MAPK I
~wl sHez | opE | w08 - ————= Mﬁifﬁ%ﬂ“}fmﬁ ————> 0 —# [BolEL | —m  Antiapopiosi
;\ A popiosis

4

|

|2:| Dane

|
I_ I_ I_ I_ I_ % J Local intranet




HPC++ Scenario




EIETES
@ o = IE :/labs.microsofthpc.netf j 4| X |h|:u: labs 2
WO @HeC | | 3 ~ B - o= - :rPage - (i Tooks ~ 7

Microsoft =

Microsoft HPC++ Labs

Microsoft HPC++ CompFin Lab

Microsoft HPC++ Labs

The Microsoft HPC++ CompFin Lab integrates Microsoft Windows HPC Server, a Microsoft HPC++ Labs is an incubation
central market data database and Microsoft productivity products to provide effort within the Microsoft Windows HPC
university courses with an online semvice to publish, execute and manage Server product team whose goals include:

computational finance models.

m Demonstrate end-to-end

Lab Details: integrated HPC solutions using
Microsoft Windows HPC Server 2008
with Microsoft productivity and
developer products

Computing Resources: m 256 core/64 node compute cluster
m 5 TE disk space
m Low latency interconnect

m Develop expertise in operating

Rich User Interface: m SharePoint 2007 portal to publish, end user focused compute and
browse and manitar models data intensive HPC services
m Excel 2007 as the user interface for
madels and results m Incubate Microsoft product
m Model execution workflow with status extensions required to support
email notifications HPC++ scenarios “out of the box"

on Customer premises

Central Market Database: m 5Svyear tick data for S&P500
m Daily & fundamental data for 10,000
stocks L.
m Mortgage Backed Securities pool data HPC++ Labs is Hiring!

Simplified Modeling: m _MNET platform with Ling for S0L data

access
m S0A framewaork for parameter sweep Next Steps
models i
m Local model development and test =®) FRequest Enroliment

environment

Watch Demonstration
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'|“1‘X|‘Ltve.5£arrh je v|

i & gl_hm_uw ]_l @v@? - @vlﬁygagev@'rgokv»
ome Welcome hpc_richd@microsofthpcnet = | +
i uw AllSites

Home DocumentCenter MNews =  Project  Reports  Search  Sites i

- | | p| Advanced Se

View Al Site Content
Documents
» My Modgls Library

® Published Models
Library

® Class Wiki

Lists
® Job List

Di -

» Team Discussion

Sites
People and Groups

2] Recycle Bin

Home = UW

Course Announcements

Get Started Microsoft Financial Computing!
by hpe_richci @microsofthpe.net ]

10/28/2007 5:32 AM

Microsoft Financial Computing helps you to be more effective in doing your finandal calculations!

[ Add new announcement

Course Materials

o Department of Economics, University of Washington
o scott Payseur

@ Eric Zivot

o Scott Payseur's Realized Variance Library

o Athena Job Gueue

E Add new link

Course Calendar

Mew ~+  Actions = Settings -

November, 2007

Sunday Monday Tuesday

Expand Al Collapse All | [T]Day [7] Week 31 Month

Wednesday

Thursday

Friday

Saturday

28 29 30

31

2:00 FPM
Class Lecture

4 5 6

2:00 FPM
Class Lecture

007 Daily Prices
1152006 4f22007  7f2/2007 1152007

7
36
ks
34
kx}

2
3
30
29
28
27

& M Microsoft Coro

[§ + Trusted sites | Protected Mode: Off H100% -



Welcome hpe_richc @microsofthpc.net = | @ i

Dme
uw All Sites - | |,°| Advanced Search
Home DocumentCenter MNews =  Project  FReports  Search  Sites i
Home = UW > My Models Library
My Models Library
View AllSite Content | | wigw | ~| Upload | Actons + | Settings - View: My Models View
Lo =i % Document Modified () Modified By (0 Created By
i Create a new document.
R 10/25/2007 8:04 PM @ Rich Ciapala @ hpc_richi@microsofthpe.net
® Published Models RealizedCovariance o e
e % Create 2 new document. 11/2/2007 7:15 PM @ Rich Ciapala @ hpc_richd@microsofthpe.net
® Class Wiki _ Folder
= D‘- Add a new folder to this document
Lists library.
= Job List
Di -

= Team Discussion

Sites
People and Groups

] Recycle Bin

Done

[§ + Trusted sites | Protected Mode: Off H100% -



RealizedCovariance_Tech_14.xisx [Read-Only] - Microsoft Excel -

m X

X

@ ‘Wrap Text

Cut
F‘ Calibri -1 -
23 Copy

ame Pag out Formulas Reui Vi D per Compute Cluster
e ) o s s U s

@ -
) & I 3 [5] 2o iy b

Paste _ B I U -z || 5 Merge & Center = | | § = % 9 |[%:0 :| Conditional Format Cell | Insert Delete Format Sort & Find &
+ J Format Painter | = 1 - - - ,| — [ 58 Formatting - asTable Styles~ | = = v || (U8 Filters Select~
Clipboard Fis Font | Alignment F Styles Cells J Editing
D14 v fe | Xnys:ca v
|_!E|E: c | D | E ! F ! G :Hi ! k: ! M ! N ! 0 !_ Submit Job v x
_1_5 /" You cannot submit this workbook
i. because itis cumently running.
Uni ity of Washi d
; niversity of Washington —
2 | Realized Covariance & Correlation @ Sobs Bumingis:
e Processor Count |4 2
6 Iterations 10 Adjustment |Falee || &
i Runtime (minutes) (19 |2 ||j Infinite
7 il
8 | KernelType |Rectangular 10l ki Gl
)
i Cancel
10 Instruments  |XNAS:AAPL Period 1
11 XNYS:AMD
12| XNAS:AMZN Start Date 1/9/2006
13| ANYS:ATI
E XNYS:CA End Date 1/13/2006
E. ANAS:Q Instrument
[ | Aninstrument, in the format of
& ANEG:E "Exchange:Symbol” that the
17 ¥NAS:E covarience model will be executed
i for,
18 ANYS:E
' .4 MOTE: New York Stock Exchange is
e ANYSEIR £ change XNV,
20 | ANYS:G
'''' Example XNYS:F

R M| Sattings - Results.Data |

Ready | |




. 0w 2 A = lob Finished - Message (Plain Text) =

) LEEHE

- Message Developer L7]
i

A Move to Folder = | 8. Block Sender = =
| ¥ ] j?(: - @ . 1{F“ ¥4 Ep
i —'ﬁil —ap = @?‘?—'

> Create Rule 6, Safe Lists -
Reply Reply Forward | Delete _ Categorize Follow Mark as Find Send to
to All 2] Other Actions ~ ! M Up~ Unread T OneMote
Respond Actions lunk E-mail s COptions " OneMote
From: Rich Ciapala [richd@hotmail.com] Sent: Mon 11/5/2007 7:22 AM
To: Richard Ciapala
5
Subject: Job Finished

Your job ended with status Finished.

i€

You can see the job workbook at <https://portal.microsofthpc.net/uw/My Models
Library/RealizedCovariance Tech 14.xlsx>»




H9-® v RealizedCovariance_Tech_14xdsx - Microsoft Excel - 7 X
Home | Insert Page Layout Formulas Data Review View Developer Compute Cluster = 4
: “‘ bt Calibri T e =T Text - ﬁ g & 2 s % Iﬂ
53 Copy o = q. Fill -
= promsn (37 055 | [E TR | Gwwacove (-5 0[S Gt o | ot ot e
Clipboard P Font ] Alignment IF] MNumber ] Styles Cells Editing
B4 v fe | XNAS:ARPL v

[4 B c D E F H | K Submit Job v x

1|

2 _ Results _ _ Error Exception R —

3 SymbolA [+|SymbolB  |v|DateTime |+|Covariance [v|Correlation || Message NodelD Type Message Stack

4 [XNAS:AAPL  XNAS:AAPL  2006-01-09 0.00013473  100.0000% Job Complete, See
5 [XNAS:AAPL  XNAS:AAPL  2006-01-10 0.00148047  100.0000% Results
6 [XNASIAAPL  XNAS:AAPL  2006-01-11 0.00055431  100.0000% Sacessoriond 1B
7 |KNAS:AAPL XNAS:AAPL 2006-01-12 0.00041653 100.0000% - —
B [XNAS:AAPL  XNYS:AMD  2006-01-09 0.00004261 28.9055% Runtime (minutes) (30 2] [ Infinite

9 [XNAS:AAPL  XNYS:AMD  2006-01-10 000034918 32.1566% T
= Send Status Email
_E]_ KNAS:AAPL XNY5:AMD 2006-01-11 0.00007747 21.1803%

11 |[XNAS:AAPL ANYS:AMD 2006-01-12 0.00032495 55.7433%
E ANAS:AAPL XNAS:AMZN  2006-01-09 0.00013152 60.8821%
13 [XNASIAAPL XNAS:AMZN  2006-01-10 0.00013419 18.5009%
14 [XNAS:AAPL ANASAMZN  2006-01-11 0.00005776 12.6053%
15 [XNAS:AAPL XNAS:AMZN  2006-01-12 0.00010372 23.2622%
_Ei KNAS:AAPL XNYS:ATI 2006-01-09 0.00005825 40.4805%
E ANAS:AAPL XNYS:ATI 2006-01-10 0.00018489 25.1277%
_15} ANAS:AAPL XNYS:ATI 2006-01-11 0.00002105 6.3636%
15 [XNAS:AAPL XNYS:ATI 2006-01-12 0.00002094 34.6323%
20 [XNYS:AMD ANASIAAPL 2006-01-09 0.00004253 28.8523%
21 [XNYS:AMD XNAS:AAPL 2006-01-10 0.00036403 33.5237%
32 ANYS:AMD XNAS:AAPL 2006-01-11 0.00002009 5.4933%
E ANYS:AMD XNAS:AAPL 2006-01-12 0.00027874 47.8163%

E ANYS:AMD ANYS:AMD 2006-01-09 0.00016129 100.0000%
25 [XNYS:AMD XNYS:AMD 2006-01-10 0.00079647 100.0000%
28 [XNYS:AMD ANYS:AMD 2006-01-11 0.00024136 100.0000%

27 [XNYS:AMD XNYS:AMD 2006-01-12 0.00081583 100.0000%

M 4 » M| Seftngs | Results.Data - Results.CorrelationSeries —~ Results:CorrelationSeriesChart || [

Ready | 1

i

—Iir

> —




_E oF B Y v RealizedCovariance_Tech 14 xlsx - Microsoft Excel | FivofTable Toals. | - 7 X
| Home I Insert Page Layout Formulas Data Review View Developer Compute Cluster I Options Design I @ - X
‘E ba Calibri - <A A |§—§|@ S Wrap Text General . % ﬁ @ %‘ é‘ | Abasum > ﬂ [ﬁ
Paste i I g = = s o I Cundit_'runal Format  Cell || Insert Delete Fomat m el Sort& Find &
- . Format Painter | | B I U " = ‘ E|| Sz el |‘w| |“—J‘| Formatting = as Table = Styles ~ T v + || &2 Cear~ Filter= Select~ |
Clipboard Fill Font | Alignment & | Number || Styles [ Cells | Editing 5
B3 - fe | XNYS:AMD ¥
n B T T e : T
1
B | Filter |
3 | DateTime 2006-01-09 7/
r Job Complete, See
E| Average of Correlation Results
6 XNAS:AAPL  XNYS:AMD  XNAS:AMZN XNYS:ATI  XNYS:CA  XNAS:CSCO  XNAS:DELL  XNAS:EBAY  XNYS:EMC Rocessoriiond 1 =
7| XNAS:AAPL : | T 055%  1.9%  6340%  35.0%% | >
8 |xnys:amp I 28.85% 45.14% 43.45% 50.43% Runtime (minutes) @ [7] Infinite
9 XNAS:AMZN 21.50% 29.89% 56.80% 14.88% Sen Fi—
10 XNYS:ATI 8% 27.27% 19.85% 46.78% 53.58%
11 XNYSICA 2.50% 1281% 19.11% :
12 XNAS:CSCO 29.16% 0.38% SOt
13 XNAS:DELL 6.23%
14| XNASEBAY 53.38%
15 XNYSEMC X
16 XNYS:IBM 59% 41.74% 9.92% 26.90%
17 XNYSIGLW 03 42.82% 3.89% 0.73%
18 XNAS:GOOG 30.88% 55.21% 18.57% 51.57% 38.53% 31.13%
19 XNASMSFT . 47%  6.08% 59.00%  33.07%  0.00%
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Correlation History

e ANASAAPL  ellllm ENYSAMD e KNAS:ANTEN e KNYS:AT] e XNYSCA ol KNAS:CSC0 et XNAS:DELL “

—ENASEBAY = XMYS:EMC  —f=XNYS:IBM == XNY5:GLW == XNAS:GO0G == XNAS:MSFT ——XNASYHOOD
cies - - - - Job Complete, See
i Results

g =
|cati Ju -l

3 cony

aste

r

Processor Count |4

A
: \>/\ Runtime (minutes) ] Infinite

[7] 5end Status Email

il

Corralation

-100%
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ﬂ i) - = RealizedCovariance Tech . a
Home Insert Page Layout Formulas Data Review View Developer Compute Cluster o X
) = — — _ mmEr | i -
Lj & Cut Calibri -1 - A A [F ==®| S wepTed General - ﬁ : 1?_1' T 2 Atosun % Eﬁ
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- Current Sheet
Universi Of was Verzions saved for RealizedCovariance_Tech 14.udsx T E2 Job C lete, See
3 ob Complete,
i Versions saved to:  htips://portal. microsofthoc.netiuw/My Models Library/ Results
4 Realized Covariance & Corr .
i Mo, Modified ~ Modified By Size Comments & ProcessorCount |4
‘ 14.0 11/5/2007 7:22 AM  MICROSOFTHPCYhpc richd  132KB Model execution complet... :
5 | 130 11/2/20077:15PM  MICROSOFTHPCYhpc richci  132KB  Model execution complet... Rikime (minufes) (3. & [l Infinite
6 . Iterations 10 Adjustm 12.0 11/2{2007 1:33 PM membershlpadproulder:.h.... 102.8 KB L [7] Send Status Email
110 11/2/2007 1:33PM  MICROSOFTHPChpe_richc 132KB Model execution complet...
L 0 14/y20075:42PM _MICROSOFTHPCloc ridhs 13246 Mogel execon conpiet.
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12 XNAS:AMZN Start Da
13 | ANYS:ATI
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16 | ANAS:DELL
17 ANAS:EBAY
18 XNYS:EMC
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20 ANYS:GLW
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Ready | 1 | EREE: Uﬂ

-‘:" Windows ..

)

. Microcoft ..

! @I‘vﬁcr;:l:u:ﬁ... .

[ Microsoft..




Microsoft HPC++ Solution

Application Benefits

The most productive
distributed application
development environment

Cluster Benefits

Complete HPC cluster
platform integrated with the
rest of the enterprise

management infrastructure

System Benefits

Cost-effective, reliable and
high performance server
operating system

%E Office SharePoint Server 2007

'11- Micrasalt”

:m Office Excel. 2007

Microsoft*

SQL Server2008
@& Visual Studio 2008

£ WindowsS sacrosolt
- Actve Drectory” rver“it)/s System Center

HPC Server 2008

Microsoft-Hyper-V'Server

. ‘Windows Server2008




Resources

e WwWw.microsoft.com/hpc

® WWW.Mmicrosoft.com/science
e \WWW.Mmicrosoft.com/servers
e \WWw.microsoft.com/sq|

e WWwWWw.microsoft.com/excel

e research.microsoft.com/fsharp

e Www.0sl.iu.edu/research/mpi.net
e WWwWw.microsoft.com/msdn

® WWW.Mmicrosoft.com/technet
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