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Understanding Windows HPC Servéhe Power of Clusters

Someapplications run just fine on a single computeéor othersthough,onecomputeri s n’ t Temirofasty h .
enough tobe usefu) these applicationsieed to be broken into many different components, thesveeach of

those componentsun simultaneoushacrossmany differentmachines Anapplicationthat needsto do lots of
processing, for example, can benefibifin using many CPUs in parallel, whileagplication that need$o accessa
large amount of data can improve its performanceusing many disk drivest once

Whenan application needs simultaneous accesaemyCPUsmanydisk drives, or both, it can benefit from
running on a cluster. A cltes isa groupof computers each with processing power and storagapable of
runningan applicatiorin parallelacross those machineln virtually every case, the goal of using a clustév is
make applicatiosrun faster.

TosupportWindowsbased clusters, Microsoft provides Windows HPC Server 200thR2echnologpffersa
wayto create and managelustersbuilt usingWindows servers, Windows deskterkstatiorns, and Windows
Azureinstancesn the public cloudAs its name suggts, the goal is to suppohigh-performance computing
(HPC)acategorythat includes a range of applications that can benefit from being distributed across a clister.
allow this Windows HPC Server 2008 &#tvice Pack (SP¥@pportsfour major typesof parallel applications

0 Applications frequently calledjobsin the world of cluster computing) where components running on different
computers in the cluster interact with one another while the application is running. Because this interaction
typicallyhappens via a technology called the Message Passing Interface (MPI), thesenanenlyknown as
MPlapplications

0 Applications where components running on different computers in the cluster do not interact with one
another while the application is runnin. Because applications | ike these al
referred to asembarrassingly parallel applications

0 Excel applicationthat offfloada w o r kdaloutationsgaa cluster, speeding uwork that would take much
longer to completeon a single machine.

0 Dataintensiveapplicationsthat process large amounts of unstructured data in paraether thanfocusing
on the processing power, thiseohwmdlogyeeaploits ythe multige disls driees a s CP U
cluster provides and thtast parallel access to dathey allow

One important thing to notice from this list is that clusterg usedfor a range of problems todayraditionally,
cluster computindhas beersynonymous wittcertain kinds oHPC primarily scientific and technicalpplications
such as simulating car crash@msmodeling nucleareactions These kinds of workloads are still an important
aspectof cl uster comput i hegwholebsioryTheappications tat nuoon tlustetgdayare t
broader than this, spreading out srddressmore busines®riented problemsYet whatever a clusteaware
application doesthe cluster it runs on has common requirements for management, gblbduling, and mordt
makes sense to pride thesen a singlegproduct, such as Windows HPC Sertken support a range of
applications on this common foundation

This paper provides an introduction to Windows HPC Server 2008 R2 SP2, including thiwekraices it
provides for creating and usirgiusters andan overview of howt supports each of the four application types just



listed. The goal is to provide a kpgcturedescriptionofMi cr osoft’' s technology for runni
clusters.

What is a Cluster?

The word “cluster” means different things in different
clusters for high availability databases, letting one server take over if anothelfdils. s al so common t o
term to describe groups of machines that run Web applications, such as the cluster of machines in a Web farm.

Both of these are important, but neithés whatt h e wo r dméanstene.st er ”

With Windows HPC Seryex cluster is group of machinesphysical or virtual-that act in a unified way to run
parallel applicationsA modern clustecan contain three types of computesources

0 Desktopworkstationsrunning onpremises within an organization
[0 Servesrunning on premises, g.,inanor gani zati on’s data center
(1 Servesrunning in a public cloud.

An application running on a cluster can simultaneously use computingneesfrom any of these optionkigure
1 showshow this looks

Job

4 ‘ i —
Desktop On-Premises Public Cloud
lorkstations Servers Servers

Cluster

Figurel: A parallel application can runn a cluster that contains combination ofdesktop workstations, on
premises servers, and servers in the public cloud.



I't's worth pointing out how t heaniHR@Igsteravhs typitihudefinelass has c |
a group of servers maintained on premises by a single organization, i.e., as only one of the options shown in Figure

1. Today, however, the ability to build clusters that includekstationand cloud nodes makes parallel computing

availablewith less effort andower cost. This shifmakesthe power of clusters more easily available to more

people.

This is aignificantchange Traditionally, getting the benefits of cluster computing meant investing in a number of
on-premises servers, then making sure those servensainedas heavily utilized as possible to justify the
investment.The large fixed cost of this approach meant thaty organizations with substantial, ongoing

computing requirements could make a credible case for clusters. Yet letting clusters include desktop workstations
and cloud nodess well as opremises servermeans that computing capacity can be acquiredjonlwh en it ' s
needed—a large upfront investment is no longer requiredd small engineering shop can now have access to the
same kinds of parallsimulationapplications used by muchriger competitors, for exampjevhile a financial

services firmhat needs the power of a cluster onlynce every quarter can get ithis is a significant

improvement, one that opens the door to cluster computimgch wider

Many organizations will still choose to maintain-premises clusters, of course, such as those withoimg

requirements to run parallel applications. Yet even they can benefit from this more expansive notion of a cluster. If
a job outstrips the abilities of their epremises clusterfor instancethey can add more capacity as needed with
workstation or ¢oud nodes.Taking anodern approach to cluster computing increases the optimnsevenbody.

How Windows HPC Servé&Works TechnologyBasics
The basics of Wi ndows HPC Ser illustratesdasfuadarmentaldoraporgentss o under s



Windows HPC Job

Head Node

Windows HPC
Server

Compute Nodes

Figure2: In Windows HPGerver a head node provides jobcheduling and management for @duster.

As the figure shows, a Windows HPC cluster can contain three kicdsplite nodes

01 Desktop workstations running/indows 7.

0 Onpremises servers running either Windows HPC Server 2008 R2 or its predet®ssdtows HPC Server
2008.Thesecanbe physical or virtual servers, including virtual servarsingin private clouds.

0 Servergunning inWindows AzureWindows Azure allocates regrces to its users dastances each of which
is typically a virtual machin@/M).

Whatever itcontains the cluster is managed byteead nodeThe head node runs Windows HBE€rver 2008 R2
and it handles all scheduling, deployment, and management for the cludterhead node can keesingle
computeror, for higher reliabilitya pair of machines, with backupconfiguredto take over transparentlif the
primary node failsAnd even if & | u s ¢ompute nodes are afi Windows Azure-a supported optior-the
head node must always remain on premises.

The head nodsoftwareperforms two primary functions

0 Job schedulingyhich includes accepting jolssibmitted by users, assignitigose jobsto compute nodesand
monitoring their progressThe cl uster’ s administrator cadongbeci fy
priorities and other factors

d



0 Cluster management, which provides tools that let a cluster administrateate a clustermonitor the
cluster’s oper at isommariza hee rcd nu srt ep dapdricd efthieeasti or over

A Windows HPC cluster runs in a Windows domain with Active Directory. Theéadbepplication runon the
clusterunder the identity of the usewho submitted it, not as an administrator. And like other Windows
environments, the machines in a cluster can be managed using System Center or other Windows management
tools. Clustersreated with Windows HPC Server 2008&R2 contain thousands of nodavhich makes effective
management all the more important

To makelife easier for developers i t ' s cpeatsaglustedwith just one computerAhead node anane or
more compute nodes can run on the same machine. This might or might not rely or¥dfls options are
possible—but in either casethe goal is to help developers create and test Windows HPC applications without
needingaccess tafull cluster.

UsingWindows HRZEServer FourTypes ofApplications

Windows HPC Servira generapurposetechnologyfor creating managingand using clusterandit can be
applied toa variety of problems. As described earlier, the kinds of applications supportédrizows HPC Beer
2008 RZSPZan be grouped into four areablPI applications, embarrassingly parallel applications, Excel
applications, andlata-intensiveapplications. This section provides an introduction to each one.

Before lookingat h e s e, however, it’s worth reiterating what the
run on a cluster. And regardlesstbek i nd of applicati ons iaddlesssomex@ranonf or , eV ¢
problems. There must be a way to create and manage the cluster, for example, and to schedule jobs intelligently

across its compute nodeAnd d$nce a cluster can contain a large number of machidealing withhardware
failuresisessentiaCl ust ers aren’t simple things, and so it makes
use it for many different kinds of applications.

MPI Applications

Like all applications that run on a cluster, MPI applicationscnge—discrete chunks of logicon multiple
machines at once. The defining characteristic of an MPI job ighlkae components communicate with one
another while the job runs. Figure 3 illustrates this idea.



MPI Job

aaa

S~ o~

gy 1) Submit
job
L \ . Ol 1S
2) Get —
results
B ‘—-~-

Figure3: In an MPI job, components of an applicati running on differentcompute nodescommunicate using
the Message Passing Interface.
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The components in an MRIb exchange messages using the Message Passing Intdifatact, MPI jobs are

sometimes referred to asessagentensive jobg And as the fgure suggests, MRpplications aremost often

batch jobsThe client submits the job, waits for it to complete, then gets the restitgir batch nature reflects

how an MPI job executes: Each component does its part, then passes work on to another component in the job.
Results wusual |l y arcamponeéntiratiheapplicatibhl aes ucnotmpl| eetveedr.y And al t hou
required,MPI jobscommonlyrun the same logic on every node in the cluster, with each instance working on

different data.

Themog common use of MPI jobs todag carrying out some kind of finite element analyBist example,
simulating a car crash requires mdithg how different points in the car behave under stress. As the crash
progresses, the behavior of the first affected points impacts thattér points in the car. An MPI job can model
these mints with different componentsyith the work of eaclcomponent passed on tathersin the simulation.

Many other scientific and engineering applications take this same approach, in fields such as fluid dynamics,

biology, andveather forecastingin fact, the majority of MPI jobsin today on Windows HPC Servely on

packaged applications provided by software vendors. Automobile manufacturers 4éNA to simulate crashes,

for example while other organizationsise packageom firmssuch as ANSYS to simulate the behavior of soccer

balls, swimsuits, buildingnaterials, and more. In virtually every case, the goal is the same: to learn how something

will behave in the real world without the expense, delay, and complexity of creating and testing physical

prototypes. Good simulations let an organization try moreiops in less timdor less moneya fact that helps

make clusters costffective And becaus¢hese applications typically provide user interfaces designed for the

enginees and scientists that use them,r ogr ammi ng ski | | s ar émwfclustercensputingr ed t o

MPI jobs are a fundamental part of cluster computing. Supporting this application style was the primary motivation
for creating clusters in many organizations, and MPI jobs still compimge sharef the applications on



Windows HPC clusters today. They’'re not the whole story,
type on clusters today. Understanding how clusters are used requires looking at a broader range of
applications such as those described in theléoling sections

Embarrassingly Parallépplications

In an MPI application, components running on different compute nodes in the cluster communicate with one other
while the job runs. In an embarrassingly parallel application, each component runs entirely onftsolwve r e s no
need for communication betweethem. Unlike MPI jobs, where writing the code requires working out how and

when the various components runnifig parallel should communicat#is kind of application isomparatively
straightforward to write. Many developersvent h i n k emibagaggigty easy, hence tlieungainly name
embarrassingly paralleFigure 4 illustratethe idea.

Embarrassingly Parallel Job

5\

1) Submit
job

) 2) (Optionally)

Interact with ~ ~]

‘1‘ application /
3) Get
results

r \
III

Figure4: In an embarrassingly parallel applicatioeach component runs independently without communicating
with other components in he job.

Windows HPC Serv2008 RZupports two mairstylesof embarrassingly parallel applications. In the first, known
asaparametric sweefob, the same code runs iparallel on each compute nodEach instance of the code

implemented as aimndependent application thatreads its own inputlata and writests own outputdata. While

they’ rehesa mmisitmgi,cets don’t ¢ o mmu(typicalywite thewisar that submitteda n ot her
the job.

The second type of embarrassingly parallel application supported by Windows HPC2868/&1s referred to as
a SOA jobLike parametric sweep jobs, a SOA job runs its (typically identical) components in parallel, with no

communication among them. Unék a par ametric sweep job, however, each
implemented as a servicexposing operations that the clientcaall ( “ SOA” st an-drientel or “ ser vi ce
ar c hi t leence the nahe,used for this categdryhismakes it easier fothe clientto interact with the

applicationwh i | e i tsinee it caninvokiepemtionsin one or more components as the job executes



Unlike MPI applications, where ISVs create a majority of the applications, SOA jobs are mostly custom catle create
by the organizations that use them. And while MPI applications are used most heavily by scientific and technical
users, the most common users of SOA jobs today are in financial services. This difference stems from the kinds of
problems that financial seices firmseed to solve

For example, supposan investment firm needs tdetermine a price for a bond based tre b o n bkélysvaluen

tenyears To do this, the fir m’ wth she tO8ndepgndentservicea. BEacltoftkeat e a S
services calculates a possible value for that bond assumpagtizular set of eventssuch asnterest rate changes

over those ten yearsThecalculationgor each scenariare whollyseparatefrom one another, so the services

don’ t interactdvhile tbey run. Once theéyr econapletk, the application cacomputesomeaverage othe

results to arrive at the most probabhealue for the bond in ten yearand thus determin@ reasonable price for it

today.

This kind of process, commordglleda Monte Carlomethod, i s i n essence a form of samy
compute every possible path that interest rates might take, but it is possible tpatammany of them, then

derive the most likelyalue fromthis sample setWhile this kind of aplicationmight runon a single machine,

using a cluster can significantly increase the number of pattral thusthe sample sizethat can be explored.

The more samples the job computes, the m@ccurate the result can be, and so using a cluster can teaig

business benefitThis same approach is usefubther scenarios as well, suchasinsurance firm that needs to

calculate the aggregate risk of its portfotio a hedge fund determininthe longterm value of an investment

Other situations can ab benefit from embarrassingly parallel jeb§ i nanc i al services aren’t
example, think of a digital effects house that must render frames for a movie. Each frame ceates

independently, making the problem a natural fit for a S@Aarametric sweep jobOr suppose a Web site needs

to convert digital video into multiple formats for different players. Once again, each conversion can be done

independently, making this a goadatchfor an embarrassingly parallel jolm all of these cses running many

independent components in parallel on a clustea useful approach.

ExcelApplications

When embarrassingly parall el applications are used in |
applications interfaces that financial analy can use. But most financial analysts already have a user interface
they’'re quite c¢omf or \Whyhbdtalowexploiting thevbower obascludtet dirdetky éraml

Excel?An aspect of Windows HPC ServalledHPC Services for Exdeksexactly this as Figure 5 shows.
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Figure5: The same Excel workbook can run simultaneously on many machines in a cluster

Suppose a workbook performs the same complex calculations on a range of different input data. Running that
workbook on a single machine probably means doing those calculations sequentially, which can take a long time.
Running that workbook simultaneously on multiple computers, each with its own data, is likely to be much faster.

To all ow t hiisgstall aicopy of ExpablDenimbliipkecomputenodes in a Windows HPC cluster, as
shown in Figure 5. The user can then run an instance of the workbook on each one in parallel. Doing this requires
some custom work, and there aeefewlimitations on the knds of workbooks that can be used. Yet for situations

that match these requirements, this approach can result in getting answers much more gGatklyatiors that

take days to run on a single machine might be reduced to hours or minutes on a cluster.

nstalling a copy of Excel on

e ach mafexbel canealsd use at h e
Windows HPC cluster in other wayghatever option an organization chooses, the ressithe same: théamiliar

user experiencef Excel spreadslegs, butwith much better performance.

DataIntensiveApplications

So far, all of the application styles supported by Windows HPC Server have focukedompute powerthat a
clustercanprovide Thi s s houl d ntypisalybwhat Bigipperformansei congputing has meant. Yet a
cluster doesn’ t o ndayalscoontaitmsioidisk ddvess Folosbme RiRde af problerns, the

ability to quicklyaccess large amounts of data in parallel can be very useful.

For example, suppose amganizationneedsto process the log files produced by the servers in a large Web farm.

s stored in fil-easnd neoatc ha draeyl ast iionnfaolr nuaattiaol
examinedfor patternsof user behaviarevidence of keakin attempts, and morédefore the next daybegins The

application reading this data probably ist e s p e c i -&tenisiye, bat thengmounteof data it needs to read

This data is unstructureei t
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is massiveRunning it on a single machipesti sn*t f ast enough. B thetimereqrired her e’ s
to run the applicatiorexceeds the window in which the application needs to produce its results.

If the application is run on a cluster, however, ttatacan beread in parallelthen processed by code running on

the same computer that holds that data. The application is now likely to complete much sooner than it would on a
single machineSupporting this kind afO-boundapplication is exactly whahe Windows HPC Server technology
knownasLINQto HPCis designed forFigure @llustrates the idea

LINQ to HPC Job

1) Submit
job
LINQ to HPC
Client 2)Get ]

results

Figure6: ALINQto HPCclient submits a query that runs aslaNQ to HP(bb, taking advantage of parallel access
to data.

As the figure shows, the usmnitiatesthe process via LINQto HPCclient Thisclientexecutes a query expressed
in a version of-INMdgrated Queny (LINQ)techhadogytsiwgaeny ,an turn, createsldNQ to
HPJob thatruns on a Windows HPC cluster. As much as possdil,c@mponent in this jobeads and processes
data stored on its own local disk. By taking advantage of this data locality, the job can pnéaesation faster

than it could accessing data stored remotely. And assuming tK® to HP@ p p | i c a tallowsprosessing g i ¢
each chunk of data independentihe jobwill run much faster on a cluster than it will on a single machéirece
it’s no longer | imited to r,reading data from only a sin

Getting a better grasp of LINQ HPC, or of any dhe application styles supported by Windows HPC Server 2008
R2 SP2, requires taking a deeper look at the technolbigg.next sectiomloes this, lookingirstat t he pr oduct

LLINQ to HPC is currently in beta, andtse technologymust be installed separately from Windows HPC Server
2008 R2 SP2.
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managemen@nd job scheduling functionshen walking througthow Windows HPCeBrer 2008 R2 SP2 supports
each kind of applicatian

ExaminingWindows HPC ServeA Closer Look at the Technology

Windows HPC Server 2008 R2 BRRBe third major release of the produdc cor di ngl y, it’s a quit
technology, offering a lmad seé of services for managirgnd using clusterShis section lookat how the product

does this, describiniis management technologies job scheduler, and the support that Windows HPC Server

provides for thevariousapplication styles it runs today.

Managing a Cluster

Whatever a cluster contairsdesktop workstations, opremises servers, or Windows Azumstances—and
whateverkinds of applications it run§yYindows HPC Server manages that clugiesugha common
infrastructure. Figure 7 showts mah components

Client Head Node

Compute Nodes

Figure7: HPC Cluster Manager is a graphical ttmladministratorsthat relies on an HPC Management Service
running on every node in a cluster.

Every node in a cluster, including the head node and all computeshodes the HPC Management Servise.
Windows HPC Server administrat@n interact with these services using tHeC Cluster Managerhis graphical
tool wraps together nearly all of the management functions the administrator needs, letting hesrrelgingle
tool to create,configure, and manage clusteiSometimes called thAdministration ©nsole thistool canrun on
the administratorascldestke ro'prelselrieded nreg d @ n

Wherever it runs, Cluster Manager provides five differéeivs each letting an administrator do different things.
Those views are:

13



0 Configuration, which allowsasks such asetting upthe network for a clustgradding users, anghaintaining a
to-do listof the steps required tsetup acluster.

0 Node Management, which lets an administrator add nodes to a clustenpve nodes from a cluster, and
monitor the statusofa ¢ | u s t eAs describedlatee, shis view provides a variety of optionskémping
trackofa cl uster’s state.

0 Job Management, which allows submitting, monitoring, and managing cluster applicafibiss.view is
actually implemented by thdob Manager Consqglanother Windows HPC Serv  t ool t hat’'s descr

0 Diagnostics, wich lets an administrator run diagnostic testsame or more nodes ithe cluster.For example,
the cluster administratorcan run a simulated job that heavily loads the cluster, letting her flush out issues
such as insufficient network bandwidth beforeatapplicationssuffer from this problem.

0 Chats and Reports, which providésn f or mat i on ab o ut Artadmeinistatoucart renrepsts be havi
summari zing node availability, for exampl ecreater j ob t
custom reportdor the clusterusing SQL Server Reporting Services or Microsoft Excel.

The user interface of HPC Cluster Manager follows the
familiar to a large set of existing Windows admirators.And whileall compute nodes in a clustare managed
throughthisb ol , admi ni st angdiflererxe beteexdesktop clients, epremises servers, and

Windows Azure VMs. HPC Cluster lsiger is a polymorphic toplvhich means thathe administrator applies the
same action to different kinds of compute nodes, and Cluster Manager does the right thing to that node.

Creating a Cluster

Using Windows HPC Server first requires creating a clybidact, one way to define a cluster is #he thing that

can be created and managed as a unit using Windows HPC p€&rvee at i ng a cl uster with onl
hard—an administrator might even choose to do it manually. Most clusters are bigger than this, however, and so

HPC Cluster Managprovides an automated wagp create them.

Thiscreation process typically relies oiwde templatesAs the name suggests, a node template encapsulates the
work required to create a node in a clust®&lode templatesan be used witlall three types of caonpute nodes
andeach template can include a base operating system image (such as Windows HPC Server 2008 R2), any
necessary drivergpplications and other software.

A node templatemight also definemore than this For example, a node template fdeskop workstatiors can

define an availability policy that controls when that node is allowed to be part of the cluster. Most users probably

woul dn’t be happy having HPC jobs running on their des|
policy can be set to automatically include workstations in a cluster only between? gag,and 7 am, or only

when the workstation has been idle for ten minutes. (Even if a workstation is configured to be part of a cluster, if

the user hits a key or moves tineouse or leaves a job running/indows HPC Serveiill notice this and not send

it work.) Similarly, a node template for Windows Azurgtancescan define a policy for when a VM for tiniede

should be create@nd when it should be shut dowisince Window Azure charges by the hour for the VMs it
provides, | eaving them running when they’re not needed
several minutes, however, so making an HPC application wait for thimadbt not beappropriate. Defiing an

availability policy in the node template provides a good compromise between these two.

14



Once a template is available, Windows HPC Server can rely on Windows Deployment Services, a standard part of
Windows Server 20080 get it out toacluster s pute medesThi s service runs on the clu
it’'s able to di s cautensaticallpaesw tchoenyp wrtee tnuordneesd on, then depl o
templateto make those nodes part of the cluster

Monitoring a Cluster

Once a cluster exists, the cluster administrator can use HPC Cluster Managatitor the computers and jobs in
that cluster.For examplethe Node Management view allowexamining the status of each compute nodes
Figure8 shows.
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Figure8: Using HPCluster Manager, an administrator casee the status of each compute node a cluster.

The tabs at the lower left ledn administrator switch between the five views HPC Cluster Manager providdss
exampe, the administrator has selected the Node h@ement view, using tb list the nodes in the cluster and
look in more detail abne of them

This kind of monitorings just right forsome situationsFor othersthough, this approach is too cumbersoméan
administrator wants to quickly understdrthe status of a large cluster, for examphe might choose to usthe
Node Man ag e heatmapoptidn.diureslshows an example.
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Figure9: The HPC Cluster Manager's heat map shows a summary of an entire cluster's status.

With this option eachnode in the cluster is represented as a bostfBrmance counters for each node, such as
CPU utilizatiorand othersare shownusing differentcolorswithin each of these boxe¢Exactly which

performance counters heat map shows are customizable by the administratort

’

s al

so possible to

by their physical location, such as all of the nodes in a particular rack or all of the Windowsnatamees then

examine only the n

convenientway togetabigi ct ur e

odes in that locatiowhileh e a t
Vi

e w

maps

aren’t
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right

for
heal t h,
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nodes.For example, if the cluster is running an application that typidadis high CPU utilization, the heat map can
show at a glance when something is wrong, sibhoeakesthat performance counter immediately visible for many

compute nodes.

HPC Cluster Manager providg®phical access @ variety ofcluster management task

but i

t’s not the

option. Administrators whowishto automate parts of their work caalsocreate scripts using Windows

PowerShellT h e

peopl e who

the problem at hand.

manage
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Running Jobs on a Cluster

On a single Windows machine, the operating system decides which application to run at any given time. It also
decd es how t hGPU,manolyjanothér eesourceshould be shared among applications. In a cluster
of Windows machineghe same problems must be solved for thmupas a whole. Which jobs should run when?
How should resources be allocated among those jobs?

In aWindows HPCluster, the HPClobSchedulers responsible for doing these thingss with the scheduler in an
operating systemitsp r i mary goal is to use the c|lRgsreE#shdwsahigesour ces
level view ofwhat the Job Scheduler does

Windows HPC Job
4) Monitor
job 1) Submit
/ job
£
W) /
\ 3) Start
job

2) Place

jobin

queue

iy 8 S - Ig

Client Head Node il

Compute Nodes

Figure 10 TheJob Scheduler maintains a queue of waiting jobs, then assigns them to compute nodes as
resources become available.

As the figure shows, a usstpicallysubmitsa jobto the Job Schedulesn the head noddrom a client workstation

(step 1). Windows HPCr8er provides a number of different ways to do this, including a command line interface,
PowerShell cmdlets .NET AP4 Web browseinterfaceand mor e . It s also @ptabsi bl e to
calledthe Job Managr Consolgshown in Figure 1As mentioned earlier hiscomponentis what actually

provides theJobManagement view in HPC Cluster Manageijobs can be submittefom this cluster

managementool as well)

However a job is submittedhe Job Scheduler places it in a queue (step 2), where it waits until whatever cluster
resources it needs are available. When the Job Scheduler decides that this job castartstiie job, which then
executeson some number of compute nodéstep 3). Ashe figure shows, the Job Scheduler relies aitiadows
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HPC Servédode Managerunning on each compute node initiate whatever logic this job needs. The user who
submitted this job cathen monitor its operation using the Job Manager Console (step 4).

For each job, the user submitting it can specify its priority, how m@regsit requiresand how longt needs them
whether the job can share a compute node with other jobs, and mboanake this easier, an administrator can
definejob templates each ofwhich specifies things like maximum run time and maximum job priddiging a job
template lets a user submit a job without worryiagout (or even understanding) many of the detailhe Job
Scheduler useall ofthis informationto determine when and bw a job runs.

Like the scheduler in a singheachine operating system, the Job Scheduler is capable of running more than one
job at a time on a clustefl.o supporthis, the product implements two scheduliogtions

0 Queued, which is a first come, firserved approach that by default runs jobs in the order in which they are
submitted. Jobs can also be assigned different priorities, so a higherity job might displace a currently
running job that’'s been given a | ower priority.

0 Balanced, where the JoBcheduler first giveas manyqueued jobsas possiblehe minimum resources they
require, regardless of their priority. It then allocates any remaining resources (such as compute nodes) to
higherpriority jobs.

Akey point to understand is that by defadlte Job Scheduleri ews al |l cores in all CPUs i
compute nodes in the same way. Whether the node is ap@mises server, a desktop workstation, or in the

cloud makes no difference. FromthébJo Sc hedul er ' s perspective, Ltibey' ' re al/l
possible, however, for an administrator to partition a cluster into node groups, then constrain particular jobs to

run only on a certain group. For example, a cluster administraight define a node group containing only a

subset of the ompremises servers in the cluster, then create a job template that restricts jobs to only this node

group. All jobs submitted using this template will run only on the compute nodes in that nodp.gr

Once a job is running, a user can track its progresseititker the Job Manager Console or tfidentical)Node
Management view in HPC GleisManager Figurellshows an example.
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Figure 11 A user can monitor a job's progress using either thd Manager Console or HPC Cluster Manager.

In this examplemany jobs are running on the cluster, with the state, owner, and progress shown for each one.

One of those jobs has been selected for a closer look, which shows the command line used to runG@tlegob
information is available as well, such as tNotee number o
also thata user can submit a job throughis same interface via the options in the upper right of the scré¥hile

t hi s ioslynoptibn—asldescribed earlier, there are a number of different ways to submitjdbs Job

Manager Console provides a unified graphical approach to submitting and monitoring Windows HPC jobs.

The Job Scheduledsoattempts to shield users from the impaof hardware failures. How it does this varies

across the application types that Windows HPC Server supports. For MPI jobs, where nodes depend on the work
done by other nodes, a failed compute node requires restarting the job. The Job Scheduler gélthetiailure

and automatically do this, so users need not be aware of the failure. Still, restartingrafolscratchthat takes

hours or days to run isn’t an appealing option, so it
then have the Job Scheduler restartfailedjob from the last checkpoint.

For all other kinds of jobsembarrassingly parallel, Excel, and datgensive—the failure of a compute node will
cause the Job Scheduler to choose another aipeeopri ate
the work being done by a node doesn’'t depend en what of
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chunk of logic. In every case, however, including MPI jobs, the goal is the same: to shield the user as much as
possible from the effects of failure.

Using a Clustetdiow Windows HPC Serv&upportsApplications

Windows HPC Server provides a generaltetdgy for creating and managing Windows clustéralso

implements a genergburpose approach to scheduling and running jobs on a cluster. These two things are the
foundation on which everything else builds.

Yet different kinds of applications requiréfdrent supporting services. Accordingly, Windows HPC Server 2008 R2
SP2 includes different technologies for each of the four main application styles it supports. This section takes a
closer look at eachne.

MPI Applications

The defining characteristinf an MPI job is that its components must communicate with one another while the job
executes. On Windows HPC Server, they typically do this usiiP3he Microsoft implementation of this
standard interfaceMS-MPI isbased on MPICH2, a popular opsmirce implementation of MPI, and the two are

aImostentirercompatibIQe Ilt’s important to note that MPI defines o
goal is to make it easier to motiee code for MPI jobs (and the people who write that cpdeoss different types
of clusters.

Because the components in an MPI job interact with each other while the job runs, how fast they communicate
can significantly affect how long the job takes to complete. Accordilgilydows HPC clusters used for MPI jobs
commonly connect compute nodegith high-speed networks. M®P| takes advantageof this, running over
technologiessuch asGigabit Ethernet, 10 Gigabit Ethernet, and InfiniBand.

To support the languages most commonly used to createjMR] MSMPI has bidings for C, Fortran 77, and
Fortran 90. To support the developers of those applicationsMP$is integrated with standard Microsoft services
such as Event Tracing for Windows. Visual Studio also praadig®| Cluster Debugger that lets developers run
an MPI application on a cluster, then do typical debugagictgpnssuch as pausing a component and looking at the
values of its variables.

Windows HPC Server 2008 R2 SP2 includes the ability to run MPI jobs on Windovisstamices This brings the

usualbenefits of cloud computing, such as capacity on demand and paying only for what ydualse brings

some tradeoffs, however. Access to cloud compute nodegenerallyslower than access to goremises servers,

and Windows Azure al so dspeednetivdrks ipetween thesenodep. Whilethese z ed hi g |
realities might make the cloud unsuitable for some MPI jobs, other scenzaitse a good fit.

For examplesuppose an MPI job takes a day to run in aspmemises cluster, but two days to run using only
compute nodes in Windows Azure. If the user has access to both options, running the job on premises is probably
better. But in a busy cluster, a large job htigvait in the queue for several days before it begins executing,
e s peci al pnrorityi work.ilntthis sasd, ronming the job in the claunijht makesen®. Even though the

%The differences are related to security, where-M8I relies on Active Directory.
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user is paying for each hour a cloud node ruhs,total timeelapsed betveensubmitting the job and getting its
results is less.he extra cost might well be worth it.

Embarrassingly Parallel Applications

I't's a funny name, but it’'s exactly right: Compared to
easytocreatebecause their components don’ t .Asdescdbedearliec o mmuni c at
Windows HPC Server 2008 R2 SP2 supports two kinds of embarrassingly parallel jobs:

’

0 Parametric sweep jobs, where each node runs an independeetutableOncei t ' s st arted, t he p
each node typically reads some input, then writes some output with no further client interaction.

0 SOA jobs, where each node runs a service. The client can interact with these services while the job is running.

Parametric swep jobs are easy to understand: Many copies of an application run in parallel, one on each compute
node. SOA jobs have a bit more complexitgpwevef and so t hey’  rre worth a closer |

The logic of every SOA job is implemente@ gsoup ofservices cread with Windows Communication
Foundation (WCF), a standard part of the Windgleform. A WCF service exposes operations that can be
invoked via REST, SOAP, or in other ways. When a SOA job is exbeutkeht calls those services to tell the job
whatto do. Figurel? illustrates this situation

2) Start SOA Job
job

1) Submit
job

4) Connect 3) Hand off job to
client with broker node
broker node

requests to
services

5) Submit requests

7) Return
results

i e @

Client Head Node Broker Node

Compute Nodes

Figurel2: SOA applications rely on a broker node to pass requestsdovices running om cluster's compute
nodes.
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The process begins when thser submits a SOA job framer workstation (step 1). As always, this job is queued

by the HPC Job Scheduler, thetarted (step 2). Once the SOA job begins, the Job Scheduler hands responsibility

for interacting with this job to &roker nodgstep 3) then connects the client to thisroker node (step 4). The

client canthen invoke operations on the WCF services in this job. Those requessrdfest to the broker node

(step 5), which passes t he mResulsatethenetirred tp thetcliest (sJ7/F s er vi c
either synchronously, with the client waiting for them, or asynchronowshich letsthe client cone back later to

check the job's results.

There's an obvious question here: Why bother with the |
fom the client to the job’s service, or even |l et the cl
offloading this work to a broker node, the head node remains free to carry out its main functions of cluster

management and job schedulings Figre 12 shows,te broker nodemaintains a queue of reasts, dispatching

them to a job’'s WCF services when it can. Adding this |
make the system more scalable.

Unl i ke MPI | obs, bstobBemteractiven @perreadomw for this S that jnteraction is built into the
model: A client can invoke theperations a SOA job expEsas the job runs. And while a typical MPI job does one
thing that takes avhile to finish, such as simulating a caash, a SOA job might do many smaller things. This also
encourages interactivity, since the user can try something, get a result in reasonable period of time, then try
something else.

As with MPI jobssunning SOA jobs on Windows Azinstancedrings a tade-off: Th e r mehtgof payasyou-go

capacity comparedtoanepr emi ses c¢cl uster, but there’s also increase
advantage that SOA jolis the cloudhave over MPI jobstems from the fact thatheir WCF servicesdo’ t i nt er act
with each other while the job runs. This means that the kgbed networks commonly deployed in-premises

clusters for MPI jobsbut unavailable on Windows Azuwra r en’ t needed.

Excel Applications

As with any application that does calculat& work done by Excel can sometimes run faster on a clusteser

might not even know that a cluster is involvéduk justsees a workbook that completes its calculations momdre
quicklyAl I  t hat' s needed i sgroapofsanputets something that WiadowswBC Serves n a
provides.

Because people use Excel in a variety of different ways, Windows HPC Server 2008 R2 SP2 supports three
approaclesto offloadingExcel calculations ¢m a cluster. They aras follows

0 Running Excelvorkbooks on a clusterfAs shownearli e r , i t' s pkExeebadnmultgple tompute nst al |
nodes ina cluster, then have each copy run the same workbeokultaneouslywith different data. This is
straightforward to under popuanvwhy to e Ekcel with Veindepyvs HRC®EbrVey t h e
today.

0 Running Excel serdefined functiors (UDF) on a cluster UDFs are a commoway to extend E x
functionality. By packaging custom code into Excel extension libraries (XLLs), they allow crestting cu
behaviorthat can be called from spreadsheet cells just as if they were-iulixcel functions. With Excel
2010, XLLs calsorun on a Windows HPC cluster. Thits developersreate UDFs that run much fastiran
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they would on a single machinan d Ex c e | it sel f n ecdpute nodeknea clustesortlya | | ed o |
the XLLs run there.

0 Using Excel as the client for a SOA: jabother option for offloading Excel calculations onto a cluster is to
write a custom SOA application that getgecutedfrom an Excel workbookisual Studio Tools for Office
supports this—onceagain, a developer is requireebut this is perhaps the most flexible of the three options:
The SOA application can implement whatever embarrassingly pgadilalworkbookneeds.

Some aspects of Excalr en’ t a good f i tchafts@amnd other interactve fenction®o s lpd 'yt n g
make much sense, for instance, si nceButdftheqgoaiis®speanldes of t
up a large set of calculatiomerformed by an Excel workbook, offloading that work onto a Windows HPC cluster

can be an attractive option.

DataIntensiveApplications

A Windows HPC cluster allows applications to exploit multiple CPUs at once. It also allows exploiting multiple disk
dives at once, s o0 me tworkinggithlargesamousts ofimsrdctured dath. INQ to HPC
applicatiors do exactly thisising a cluster tprocessdata in parallel

One challenge when dealing with large amounts of unstructured datecisssigi t . I't’s not in a rel
database+ t ' s unsyetucittursedal so | i kel Windowsf beet o®Whbig to’6i po
forcean applicatiordeveloperto work directlywith data spread acrossultiple files,life would besimpler ifshe

could work with very large data sets as a single unit. To allow this, LINQ to HPC providistriheted Storage

Catalog (DSCyhe DSC keeps track@8C file setgach of which contains some numberBC filesA DSC file is

just an adinary Windows file, stored on some compute node in a Windows HPC cluster. Because DSC files are

grouped into DSC file sets, however, an application that uses them can treat a large amount of data as a single unit

with a single nameAnd becaus&INQ to FPC applications do batch processing on large amounts of data, DSC file

sets are designed to be reachdly can be appended to but ttmontentsofa DSCfile an’' t bence hanged
they've been written

Another challenge in workingith large amounts of unstictured data is expressing the operations to be
performedon that data Rather than requiring developers to write code for thise approach taken by LINQ to
HPC iswddent from its name: use LINQesigned for accessimata directly from C#&nd other pogramming
languagesl.INQ has been applied in a number of ways, including LINQ to Sflefging relational databasesd
LINQ to Objects for accessingnremory objectsExtending it to work withunstructureddata storedon a cluster is
a natural thingo do.

To use LINQ to HPC, a developer creates one or more DSC file sets containing the data she wishes to process. She
then creates a LINQ to HPC query expressing what she’d
illustrates the process.
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Figurel3: Created by d.INQto HPCclient, aLINQ to HP(bb strives to runeach chunk ofogic on the same
computerthat storesthe data that logic works on.

When a clienapplication containing a LINQ to HPC query executes, it generates a LINQ to HPC job and submits it
to the Job Scheduler (step 1). The job is queued, as usual, then evestadiydon the Windows HPC cluster

(step 2).The jobknowsthe name of the DSfile set it should read, and so befora ibgicstarts running, the job

contacts the Distributed Storage Catalog to learn which machines in the cluster hold the DSC files in this file set
(step 3). The job thestartsa copy of its logic on each of theswchines, giving each copy local access to data

(step 4) This data locality is a primary benefit of using LINQ to HPC: It helps applications that fotxesdata

run much faster.

At hough i t’' s notLIN®dHRGMjobiruns irt shveddfdrentgtages eachawith its own logic.

The logic used at each stage is sometimes callggttex and the interaction between vertices throughout an
application’s ekieketsbnuébume. a(l netacbhryadakmmaeaoftteec hnol og)
nymph in Greek mythologyAll of this is invisible to the developer using LINQ to HPC, however. All she does is

LINQ to HPC is the newest of the applicatigpessupported by Windows HPC Server, andh&ocurrent beta
relekagdoesn’t yet suppor tonnedes dn Windovws dzaliestaoces Instead [KNQttcaHPC
jobs must run solely on a cluster built usingnremises servers. Microsoft has said that this will change in the not
too-distant future,however.
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create the DSC file set, write a client containing a LINQ to HPC query against this file set, thertliant and
wait for the results.The complexity of vertices and stages is hidden from her.

Conclusion

Windows HPC Servprovidesa generalpurpose infrastructure for running applications in paratialmany
different computersOn this foundation, ibuildsmore specializedupport for several different kirglof cluster
aware applicationsincluding MPI jobs, embarrassingly parallel jobs, Exaetbooks anddata-intensivejobs. All
of this runs in a Windows environmentsingActive Directory andther standard Windows tdmologies For
Windowsenvironments that can benefit from cluster computing, Windows HPC Server is a good fit.

And with © d a lyrdader notion of clusterwhich includeslesktop workstations and cloudstancesas well as
traditional onpremises servergdoptingthis technologyhas gotten easielOrganizations need no longer make a
large upfront investment in servers just to get started with cluster computi@gmbined with the increasing

breadth of applications supported on clusters h ey '’ v e mayandtrdditisnal HPS-ttis lower barrier to

entry suggests an evesroader role for this technology. Long relegated to a supporting role, cluster computing just
might be headed for center stage.
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