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AN OVERVIEW OFINDOWS AZURE

Cloud computing is her&unningapplications on machines imdnternet-accessibl@atacenter can

bring plenty ofadvantages. Yethereverthey run, applications are built on some kind of platform. For
on-premises applications, this platform usually includes an operating system, some way to store data, and
perhaps moreApplications running in the cloud need a similar foundation

The goal of A O N Wigdévis @Zure it provide this. Part of the largatindowsAzureplatform,

Windows Azurés afoundationfor runningWindowsapplications and storing data in the cloud. Figure 1
illustratesthis idea
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Figurel: Windows Azure applications run in Microsoft data centers and are accessed via the Internet.

As the figure shows, Windows Azure runs on machines in Microsoft data centers. Rather than providing
software that Microsoft customers can install and run themselvesheir own computers, Windows

Azure is a servic&ustomers use it to run applications and store data on Interaetessible machines
owned by MicrosoftThose applications might provide services to businesses, to consumers, oHeoth.
are some examples of the kinds of applications tetbe built on Windows Azure:

0 An independent software vendor (IS¥9uld create an applicatiorthat targets business users, an
approachi K I ofite® deferred to asSoftware as a Servig§aaS)ISVscanuse Windows Azure as a
foundation for a variety of busineswiented SaaS applications

0 An ISV might create a SaaS application that targets consuwf@rdows Azure is designed to support

very scalable software, and so a firm that plans to targergel@onsumer market might well choose
it as aplatform for a new application.



0 Enterpises mightuse Windows Azure to buildnd run applications thatre used bytheir own
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application, the reliability and manageability tha¥Vindows Azureoffers could still make it an
attractive choice.

Whatever a \ihdows Azure application dogthe platform itself provides the same fundamental
components as Figure 2 shows

Figue 2: Windows Azure has three main parthe Computeservice the Storageservice and the
Fabric.

As their names suggest, the Compute serviges applicationsvhile the Storage servicstoresdata. The
third component, the Windows Azure Fabric, providememmonway to manageand monitor
applications that use thisloudplatform. The rest of this sectiorintroduceseachof these threeparts.

THECOMPUTESERVICE

TheWindows AzureCompute sendge can run many different kinds of applicatiodsprimary goal of this

platform, however,is to support applicationthat havea very large number afimultaneous usergin

fact, Microsoft hassaid thatit will build its ownSaaS applicatioren WindowsAzureg which sets the bar

high) Reaching this goal by scaliagr runningon bigger and bigger machimres\ a y Qi L2 a&dA0f S Ly al
Windows Azure is designed to support applications that smalerunning multiplecopiesof the same

codeacross mangommodity serves.

To allow thisa Windows Azurapplicationcan havemultiple instances eachexecutingin its own virtual
machine (VM)Each VMs provided by a hypervisor (basedon Hyped G KIF 1 Qa 6SSy Y2RATFTASR
aA ONR &2 ¥ i Q providés@Wiriddwsinteyfate tatlie instance itontains

Torun an applicationadeveloperaccesses the Windows Azure portal througdr Web browser signing

in with a Windows Live IIBhe therchooses whether to createlgostingaccount for running applications,
astorageaccount for storing data, or botfOncethe developethasa hosting accounshe canuploadher
application, specifying how many instandbe applicationneeds. Windows Azure then creatibe
necessary/Ms andruns the application.

In thefirst releaseof Windows Azuretwo differentinstancetypesare availabldor developers to use
Web roleinstances and Worker rolénstances. Figure 3lustrates this idea
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Figure3: AWindows Azue application carconsistof Webrole instances andor Worker role instances,
each of which runsn its ownWindowsyvirtual machine.

As its name suggests, a Web rivistancecanacceptincoming HTTP or HTTRHuests To allow this, it

runs in a VM thaincludeslnternet Information Services (l11S)Developers can create Web role instances

using ASP.NEWindows Communication FoundatioW/CH, or another.NETtechnology that works with

IIS.Developers can also creag@plications imative code usingthedb 9 ¢ CNJ YS 62 NJhish ay Qd NBJ|j
means that developers carpload and rurother technologiess well includingPHPandthe Javabased

Tomcat And as Figure ghows, Windows Azure provides btiithardwareload balancig to spread

requests across Wetnle instances that are part of the same application.

By running multiple instances of an application, Windows Azureshle#t applicationscale Because the
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instance. AccordinglyWebrole instances must be stateless. Any cliespecific state should be written to

Windows Azure storage or passed back to the clidtdgr each request

Worker roleinstancesare similar to, but notquite the same atheir Web role cousinslhe big difference

is that Worker role instanceR 2 y Qi KI @S SLLEY ROAZFARIMANBRI NPt S Ayaidl yoSa
LyadStRZ (GKS&QNB S E.Rindnd kVieb Seveisiaffoweit K SiambEbadsiblé toNA 3 K (i

install an Apache Web server inéorker roler but a Workerrole instanceis more likely to functiotike a

baclgroundjob. For example, m applicationmight use Web role instances to acceptuests from users,

then processhose requests at a later timesingWorker role instanes Similaly, an applicatiorthat sifts

throughlarge amounts of data in parallelight use many Worker role instances to carry out this work.

A developercanuse only Web rolénstances, only Worker rolénstances, or a combination of the twto
createa WindowsAzureapplication. If thel LILJ A OQdadiidcr@ased@ can use thVindows Azure
portal to request moréNeb roleinstances more Worker rolénstances or more ofboth for his



application. If the load decreases, he can reduce the number of runmstances To shut down the

applicationcompletely the developercan shutdown all of thel LILJ A QNeli rbl@ afid\alorker role

instancesWindows Azuralsoexposes an API that lets all of these things be done programmatically

changing the number of runningy a i I y OS& R2Say Qi NBaGdizhk NBK & | yofd#t § T A NI SR
automatically scale applications basedtbeir load.

The VMs that run th Web roleand Worker role instancealso runa Windows Azuragent, as Figure 3
shows Thisagent exposes eelatively simple ARhat lets aninstanceinteract with the Wndows Azure
fabric. For example, amstancecan use the agent tbnd the root ofa local storage resourda the VM
AyadalryOS AdQa NMzyyAy3d Ay

To creatéWindows Azurepplications, a developer usthe same languages and tools as for any
Windows application. She might ite a Webrole using ASP.NEhd Visual Basic, for example,use
WCF andcC#. Similarly, she might create a Workae in one ofthese.NETlanguageswork directly inC++
without the .NET Frameworlor use JavaAnd while Windows Azure provides atig for Visual Studio,
using thisdevelopment environmenk a y Qi NdvViedipeNaBdnaés installddHP, for example
might choose to usanother toolto write applications

To allow monitoring and debugging Windows Azure applications, each instance can call a logging API that

writes information to a common applicatiemide log. A developer can also configure the system to

collect performance counter®r an application measurets CPU usage, ste crash dumps if it faijsand

more. This information is kept in Windows Azure storage, and a developer is free to write code to

examine it. For example, if a Worker role instance crashes three times wittiowr, custom code might

aSYR Iy SYFAf G2 GKS FLIWLXAOFGA2yQa FRYAYAAUNI 62N b2
instead it provides a wayor applications to generatand storethe data that a developer can use to

create this kind of sefge.

LGQa AYLERNIFYyG G2 y2d0S GKIG +F RS@OSt2LISNI OF yQi  &dzLJLJ @
the platform itself provides and maintains its owarsionof Windows. Developers focus solely on

creating applications that run on Windows Azureirthermore, those applications can run only in user

modet F RYAYAAGNI GAGS 1 0O0Sada AayQi ft26SR® ¢KAA NBAGNRO
operating system in each VM without worrying about whether the application has made s{estein

changesRather than requiring developers to install Windows patches, for example, WindowstAkase

care of this The goal is to let applications run continuously while minimizing the administrative effort

required.

The ability to execute code éfundamentalpart ofF  Of 2 dzR LJ I 0 F 2 NJ pplicatidrs A G Qa y2d
alsoy SSR LISNBEAAGSY (O ad2N)r3IS GKFG K2t Ra 2y G2 AYF2NNI GA?2
need is the goal of th#&Vindows AzuréStorage servicajescribed next.

THESTORAGEBERVICE

Applicationswork with data in many different ways. Accordingly, the Windows Azure Storage service
provides several options. Figure 4 shaiws choices
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Figure4: Windows Azure Storage provides blobs, tables, and queues.

Thesimplest way to store data in Windows Azure sige is to use blobs. A blob contains binary data, and
as Figure 4uggét G & = (0 K S NB Qa : A stogade ¥dcliust caK hageMiheNdhfo@ntainers each

of which holds one or more blobs. Blobs can g &ndthey can have associated metadata, such as
information about where a JPEG photograph was taken or whaittgeris for an MP3 fileBlobs also
provide the underlying storage fotDrives a mechanism foviewing persistent storage as if it wereal
drive.

Blobsare just right for somaituation 06 dzi ( KS& QNB dtherd Toleyapplicstiz@idbdeNBE R F 2 NJ
withdatainamore find NI Ay SR gl &% 2AyR2ga ! 1 dz2NB &iG2N}F3S LINRJDARS:
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is actually stored in groupof entitiesthat containproperties And rather than using SQL, an application

canaccess (I 0 f S Q #he ddhvéntionsdiéfikey By ADO.NET DateviSes The reason for this

apparently idiosyncratic approach is that it allogemleout storager scaling by spreadingata across

many machines much more effectively thamould a standard relational database. In factsiagle

Windows Azuréable cancontainbillions of enities holding terabytes of data

Blobs and tables are both focused on storamgl accessindata. The third option in Windows Azure

storage, queues, has a quite different purpo8erimaryfunction of queues is to provide a way faveb

role instances to communicatasynchronouslwith Workerrole instances. For example, a user might

submit a request to perform some compuitgensive task via a Web page implemented by a Windows

Azure Welrole. The Webrole instance that receives thigquest can write a message into a queue

describing the work to be done. AWorkeleA y a i I yOS GKI G4Q& ¢FAdGAYy3a 2y GKAA |
message and carry out the task it specifies. Any results can be returned via another queue or handled in

some otler way.



Regardless of hodata isstoredr in blobs, tables, or queuegsall information held in Windows Azure
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systemprovides strongonsistencyhowever, so an application thanmediatelyreads data it has just

written is guaranteed t@et backwhat it just wrote. Windows Azure also keeps a backup copy of all data

in another data center in the same part of the world. If the data center holdingrthie copyis

unavailable or destroyed, thisackupremains accessible.

Windows Azure storage can be acceskgd Windows Azure applicatioby an agplication running on
premises within some organizatipar by an application running at a hostaron andher cloud platform

In all of thesecases, all three Windows Azure storage styles use the conventions bt&ESntify and
expose dataas Figure 4 suggesBobs, tables, and queues are atlamed using URIs and access&ud
standard HTTP operations. A .NET clieight usethe ADO.NET Data Servidisariesto do this, butA (i Q &
not requiredr anapplication can also make raw HTTP calls.

Creating Windows Azure applications that use blobs, tables, and queues can certaiafileBut most
applications today rely on relational storage & 2 Y S (i K A yait ofiVibdolvsraurasself.(This

option is provided, however, by SQL Azure Database, another component of the Windows Azure platform.
Applications running on Windows Azufor in other places) can use this technology to get familiar SQL
based access to relational storage in the cloud.

THEFABRIC

AllWindows A&ure applicationsind all of the data in Windows Azure Storage live in some Microsoft data
center. Within that datacenter, the set of machines dedicated to Wows Azure is organized into a
fabric. Figure Hlustrates this idea



Figure5: The fabric controller interacts with Windows Azure applications via the fabric agent.

As the figureshows, the Windows Azurebric consists of a (large) group of machkinall of which are

managed by software called thabric controller The fabric controller iseplicatedacross a group of five

to seven machinegnd itowns all of the resources in¢hfabric: computers, switches, load balancers, and

more. Because it can communicate witHabric agenton every computer {is@lsoaware of every

Windows Azure applicatioim this fabric (Interestingly, the fabric controller sees Windows Azure Storage

as just another application, and soe details of data managemerind replicationr NSy Qi @A &aA 0t S (2
controller.)

This broad knowledge lets the fabric controltera number ofusefulthings. Itmonitors all running

applicationsfor examplegiving itan upto-the-Y A y dzi S LIA QG dzNB 2 F ¢ KNG Qa KI LIISY Ay
manages operating systems, taking care of things like patching the version of Windows Server that runs in

Windows Azuré&/Ms.lIt alsodecides where new applications should rehoosing physial servesto

optimize hardware utilization

Todo this, thefabriccontroller depends on a configuration file thiatuploaded with each Windows Azure
application.This file provides an XMiased description ofvhat the applicationneeds how many Web
role instances how many Workerole instances and more. When the fabric controller receives this new
application, it uses this configuration file to determihew many Web role and Worker role VMs to
create.

hy OS AGQa WNIBé fabBcBontidlkrgh@rSnonitors eachof them. Ifan application requires
five Webrole instancesand one of themdies,for example the fabriccontrollerwill automaticallyrestart
a newone. Similarly, if the machina VMis ruming on dies, the fabricontrollerwill start a new instance



















































