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Abstract

This whitepaper covers an incubation project from HPC++ Labs ttadlétPC++ CompFin Lab. The lab
explores the hosting of dateentric, highperformance computing (HPC) ahidh productivity

computing solutions by providing a computational finance service for academic use.

Microsoft HPC++ Labs would like to recognaab, Inc\ww.lab49.con) for their work in building the
Microsoft HPC++ CompFin Lab.
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Introducing Micosoft HPC++ Labs

For over a yeama programwithin the Microsof® Windows®PC Servegroductteamreferred to as
HPC++ Laligs hosted &4-node\ 256-core compute cluster for uiversitiesand researchers to usga
the internet. Theresultingworkloadand userfeedbackprovidesthe product teamwith an internal
production environment to

1 Demonstrate endo-end integrated HPC solutions usikigcrosof®wWindows®HPC Server 2008
and Microsoft productivity and developer products

91 Develop expertise in operaii) end user focused computand dataintensive HPC services

T LyOdzol S aAONR&2Fl LINRRdzOG SEGSy&arzya NBIj dza NBR
customer premises

Hosting Data-Centric Clusters

One of the initial projeatHPC++ Labs embarked oasithe investigation of hosting dataentric,
computeintensive solutionsThetheory that such solutionkend themselves to hostinig basedon the
following considerations

9 There is an industrwide trendwherelarge data warehousesithin organizationsre growing
into the petabytes Examples of these include:

o Financial services data warehousetich maintain large time series databases of
market activitythat increase exponentially as trading volume, the numbiesecurities
and the data ged to pricehe securitiedncrease

o Environmental snsor datarom deviceghat measureatmaospheric pressure, river
levels, ocean tides, wind speedainfall, etc.

0 Human sensor data accumulated from hospét@liipment portable medicatievices

and exercisequipment
Consumer behavior and advertising data
Data accumulated from thiackingof radio frequency identification (RFIDtagged goods
Pedestrian and automobile traffic patterns across a metropolitan area
Traces accumulated from software executing under diviyads
0 Eventsaccumulated from utility devices installed in remote locations
1 Avariety of interestingquestions could be answerday building modeldhat leveragethese
largedatasets
1 Added computing poweis necessary texecute backtest anaptimizesuchmodels

o O O ©o
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1 Movingthe necessargomputing power to these large dataséssmore efficient than moving
the datasetsto the computing powe'r

LS {il6b& ata simple,hypotheticalexamplethat leverages a large central database amtiled
computing powerThekeyquestiona financiaanalystmay askh & @ ! Ndsrtgag ask&deairities
currentlyoverpricedor undelLJNA OT® Befivie an answethe analyst uses a newly devised mortgage
backed security (MBS) pricing model basedutare interest ratepredictionsand mortgage payment
patterns.Thepricingmodel itself isaMonte Carlo simulatiomand, thus, iscomputeintensive on its own.
Thousands opotentialinterest rate pathsarefed into the modefor it to price the MBSor a particular
day. To better understandthe newY 2 R Sdlidbidity, the analystbacktestst across a portfolio of
10,000 searitiesand theirtrade prices for thelast five yearsAfter executing the model across this
range of datathe analyst discoverthe modelproducesnegativeresultsfor a particularset of securities
during particular periodsiithin the 5 yearsAfter analyzing these specifiecurities angberiods the
analyst realizes the model fails for-86ar fixed mortgages in a specific geographic afzass
referencirg the weighted credit average of the population for that geograpbigion during that period
the analyst is able to expand timeodel to accommodatéor this type ofscenario Executing the new
version of themodel across the same datdsew leads no negfive results andhe analyst can now
consider using thenodelto price current securities.

In this scenariotte large,central datasets enablhe backtestingand optimizatiorof the modelby
providingalarge number of testsvhich validate the model and help surface correlatiofise alded
computing resources alloaecomputeintensive pricing model toun for a large number of tests
repeatedly in a reas@bleabout of time.

Microsoft HPC++ CompFin Lab
Overview

The HPC++ Corajm Lakis an initial datacentric HPC service from HPC++ Labs. It is targeted for

university computatioal finance courses and researt¢tbrings togetheMicrosoft WindowsHPC

Server a central market data databasgnd Microsoft productivity productsn orderto provide

university courses with an online service to publish, execute and manage computational finance models.
It is comprised of the following components:

1 Computing Resource® 64node 256-core compute cluster with 5 TB storage and a lownay
interconnect

! http://research.microsoft.com/research/pubs/viespx?tr_id=655
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1 Central Market DatasetHistorical market data including 5 years of intraday equity tick data
the S&P 500, daily and fundamentktafor 10,000 stockandmortgage backed securitigmol
data

1 Microsoft®OfficeSharePoir®Server2007Web Portal A Microsoft OfficeSharePoinBerver
2007portal to publish, browse and monitor models

1 Exce®HPCTask PaneAMicrosoftExcel 200Tiser interface for model input and results

9 Model Execution Status Notification®odel execution workflav with status email notifications

Programming Model

Thelabalso promotes @ommonprogramming pattern foparameter sweepnodels based on
Microsoft®Windows Communication FoundatigWWCF) service$ he following diagram illustratébe
key methods and operations a model implements and how data flows between: them
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Amodel that follows this patteriis implemented as follows:

f Amodelimplements asplitmethodthat parallelizesi KS Y2 RSt Q&4 SESOdziAzy oé@
Y 2 R Srip@ @essage into multiple operation messag&heoperationmessagesrethen
gueued to the cluster androcessedn parallel acrosthe number ofprocessoicoresallocated
to theY 2 R §db.B@dm a datgerspectivethe splitmethodderivesa set of keys fronthe
model input message and assigm®e or more keys teachoperationmessageForexample a
model maysplitits work based on stock symbol and period (@ee day). The model input
message specifies th&B500 and a date range of one week. Aesult,(i KS Y 8RSt Qa
method splits the model input message 2500 operation messagésat are queuedo the
cluster.
1 A model implements calculation operations that process the messages from the splitioperat
The calculation operations implemetK S Y2 RSt Qa I f 3 2 dudpui ik sultsk Yy R a4 G 2
storage or intermediate storage based on whether the results are targeted to the submitting
user or a dependency operation to be executed later in the ljddxe information on the
intermediate and esults storages can be found later in this document.
1 Optionally a model implementsperationsthat depend on other operationand execute after
their dependent operations complet&hese are often utility operations that process the output
from the calculéion operations and prepare the final results of the modelthe diagram
above a single operatioralled Rollumlepends on all the other operations in the job to
complete before executingt which time it aggregates the results of the otlwatculation
operationsinto a final result for the client.

Publishing and Executing a Model

Typicallythe professor develops a mod@l Microsoft®Visual Studi®@2008 in theiMicrosoft®.Net
language of choice. The model is thaublisked to his or her studentsia theHPC++ CompFin Lpbrtal
as shown below:

Microsoft



Microsoft® HPC++ CompFin Lab

{ZNew Compute Cluster Model - Windows Internet Explorer

@_\‘f/ ~ [2] hitps: iportal microsafthpc netjUtw)_layauts/MsHpe/Publishiadel, aspx

=l & 42| % | 1105 5aL Server error code £+
= - »
w & EE' '| {& New Compute Cluster Mo X | 27 Live Search; 1105 5GL Serv.., | | 3 - B - &= - [5hPage - {GiTooks -
Home = LW Welcome hpc_richci + | @ d
i uw
| Site Actions -
Publish Model
Model Name: I
|| todel Workbook Template: T Browse_ |
as = Model Binary Files: I Browse I
i Mini P
. inimum Processors:
1
Maximum Processors: s
Send Status Email: r
Runtime:

Days: | 00 Hrs: | 02 Mins: [ 00
Activate model on upload? r

Subrmit Cancel

Done

[T T T G877 Tustedsites % -

A model is comprised two files: an Excel workbook temdaie a cabinet file. The Excel workbook
templateis the user interface to the model amdlows students to create workbooks fdifferent input
combinations and result layout#\ cabinet file containd KS &b S [ aaSYof ASa

0K
split, calculation and othewperationsthat run on theweb server and theluster.

Once published students can create workbooks basetheY 2 RSt 4 Q tén@pldtkssRe’ify input
and submitthe modelto the service for execution via tHexcelTask Panegt KS dza SNJ Sy (i S N&

input andclicks the Submit button in the HPC Excel Task Pane to submit the fmoeedcution as
shownbelow:

[N
(s}
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oo B . . . _ox
8! RealizedCorrelationAndrexis: [Read-Only] - Microsoft Excel :
Tnse Page Lavout Farmulas Qats R Wik HPC e @ - = x
, ¥ 0,
o ) W [R==F P =
B Calibri -l At Al =|[®-| |Swaptes General - ﬂ ﬁd l_;‘ﬂ - é& n Z Autosum ? @a
N - = - ] Fill -
Paste B 1 u-| S Merge & Center - | | $ = % o ||%8 ;%||| Condiional Format  Cell || Insert Delete Format sort & Find &
- Format Painter = = O 0 Eomatting - asTable - Styles~ | = - - A Clear= Filtepe Select
Clipboard i) Font i) Alignment i) Mumber i} Styles Cells Editing
[ Server Workbook To modify this workbook, click EditWorkbook, | Edit Workbook *
[ D3 - ( fe| 10 ¥
AR e D E F G il | ) K 15 i K} I Model Execution v X
1 Exeoute | Resuls |
2 A
N . Job Completed in
3 Iterations Adjustment FALSE 00:06:58
4 Terations Minimum Processars |5 =
K T Set this value between 1and 120 to
S ernel Type  |Rectani specity the number of iterations s Fieeessas | =
7 performed during kernel estimation,
IcSn:T\u‘:IQ:E\:’r:ZE afthe Runtime (dd.htzmm) 000200 T Infinite
7 Instruments ) 1 5
a | The grester the number of 2 St St e
“H iterations, the more high-frequency
g data mowements will be smoothed 2003-01-01
aut, :I Submit
10
11 End Date 2003-01-31
12
13
14
15
16
17
4 4 » b | Settings . Results.Data Correlation Map Results, CorrelationSeries Results. CovarianceM L il
Ready

Model Execution

The following diagram illustrates the path of a modete it is submitted to a cluster
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Historical
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Microsoft “Internet Explorer:

4@ | Job Execution
Web Service

Microsoft  *Excel 2007

Job Monitor
Windows
Service

Job Results
Web Service
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Results
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1. The HPC Excel Task p&e (1 NI O a ( KS dasiofkdhEeivia XMLInddp$ andf N2 Y (K S
ddzo YA G & (KS Y® RSIbERS OdyiiLad2ly a0 & SNIBAOSP® ¢KS Ayl
specific to the model being executethe web service is developed in Windows Communication
Foundation and useéd/SSecurity UserNameTokens to authenticate each messag

2. The job execution web service then executemafigurablewindows Workflow which performs
the following stepsvhen submitting the jolto the cluster:

a / NBFriSa I ¢g2N)lAy3 RANBOUGZ2NE F2NJ GKS 220Qa ¢
a file serve shared between the web servers and the cluster

b. Installs the model into the working directory. The model was previously published to a
specific SharePoint document library as a cabinet file. Installing the model involves
copying the cabinet file to the whing directory and extracting its files

c. Ly@gz21Sa GsHitdpeMtdias éxglained earlier in the documeiheresulting
operationmessages are storembtext filesin the working directory

d. Submits the jolio the cluster for execution

10
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3. The job execies across the cluster as multipféCF service instanceach assigned to a care
Eachserviceprocesses iteperationmessages, whicimclude the keyso the marketdata
needed for that operation invocation to perform its calculation.

4. Theoperationretrieves themarketdatarequired for its calculations based on the specified keys
using.Net 3.5Lingand Data Entity object3 he services leveragengandan assembly of
custom [ata Entity classes that map to the magkdata database. Once a modeferencesthis
assembly from their Visual Studiooject,they are able to browse the database schema with
the Visual Studio object browser and IntelliseriBarthermore the assembly provides compile
time type checking for databasmmmands, whiclminimizes jobdilures.

5. The operations storeélatatargeted to other operations within the same job the intermediate
storage The intermediate storage is a logistdrage thatcan be configured to a variety of
physical storages such as a database or distributed cache.

6. The operations store final resultargeted to the submitting useto the results storageThe
results storage is a locati@torage thatcan be configured to a variety of physical storages such
as local and external databases.

The followingdiagram illugrates the steps performed to cleanup a job aiod a client toretrieveits

results

Historical
Market Data

SQL Server
. Database '

Microsoft Internet Explorer

Microsoft  *Excel /2007

Results
Storage

(SQL Server®
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