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We use data in many different ways, atfie volume, variety, and velocity tiat dataincrease every daypecause
of this,organizationgely onlots ofdifferent datatechnologiesTaken as a grouphese technologiemake upa
data platform

Oneway to think about the technologies in a dagikatform is to divide them into three categoriéssed on the
kind of data they work withThose categories are:

7 Operationaldata, such as transactional data used by a banking system, an online retailer, or an ERP
application. This data is typically both read and written by applications, commonly in response to user
requests. A banking application might read your account balancédtance, then write a new value to
reflect a deposit you make. And while operational data was once almost entirely relational, the increasing
volume and variety of data have changed this. Today, working with unstructured operational data can be just
as mportant.

_J Analyticaldata, such as the information kept in a data warehouse. This data is typicallyord@gdand it
usually includes historical information extracted over time from other data sources, such as operational
databases. Analytical data is comanly used for things such as business intelligence and machine learning,
and like operational data, it can be either relational or unstructured.

7 Streamingdata, such as data produced by sensdrhe defining characteristic of streaming data is velodity;
G§KS RFEGF AayQid LINRPOS&aaSR | dzA Many Sréamifgiscefnriog todagral8etd £ | NA ¢
the Internet of Things (loT), where the focus is on interacting datta provided by lots aflevices. Streaming
data is also useth other situations, such as analyzing finantiahsactions as they happein both cases, the
challenge is to work effectively witarge amounts oflata being produced in real time.

The Microsoft data platform provides technologies for all three categor@long with connections among the
G§KNBS® CAIdzNBE ™M adzYYFNAT Sa GKS LI IFTGF2NY¥VQa 2FFSNAy3IaA Ay
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Figurel: TheMicrosoft data platformincludes cloud services and packaged softwdoe working with
operational data, analyttal data, and streaming data

This paper focuses on tmeiddleO2 f dzYy Ay GKS FAIdzNBI ai QNaBtkad@tal@ar 2 TF SNR y
more on the other two categories, see the companion papgperationalData Scenarios Using the Microsoft Data
Platformand Streaming Data Scenarios Using the Microsoft Data Platidrry R R2y Qi 0SS O2y ¥dzaSR o6
tKSasS (SOKy2t23aAasSa I NByQli tF8SNBR Ay (GKS :m8esdtinkdi KI G S
of each column as a group @fchnologies for working with data in a particular w&yso, realize that the lines

between the columns are permeahlehese technologiesan beusedtogetherin various combinations. For

example, the analytical technologies in the center column are aftsed together with both the operatital

technologies in the leftolumn and the streamig technologies in the riglaolumn.

The easiest way to understand these technologiasad more important, to understand how they can help your
organizationt is to walk hrough scenarios that use therAnd given how important cloud computing islio
leaderstoday, those scenarioshouldall use the cloud in some walhis paper looks dive analyticaldata
challenges organizationsften face, describing how the Microsoftata platform addresses each ariehe scenarios
are the following:

1 Providing a&zommonuser interface for diverse data

7 Analyzing large amounts of relational data

7 Analyzing large amounts of unstructured data

7 Usinglarge amounts oflata to make bettepredictions

7 Using historical data tanticipatecustomer behavior.
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provide a bigpicture view of how the Microsoft data platform addresses thallenges oworking withanalytical
data.

ScenarioProviding aCommonUser Interface foiDiverseData

Analysis looking for patterns, relationships, andsights is among the most important ways we use ddtail Q &
also among the most diverse, since there are many diffeagatlysisechnologies. Whatever technologies you
choose, though, the goas often to display the resultso people.

But having a separate user interface (Ul) for each analysis technoldgstife complicated for users. Why not
instead provide a common way to preseatd work withdata from many different sources? And why moake
this Ulwidely accessiblby running itin the cloud? This is exactly what Microsoft does with Power BI.

Techndogy Snapshot: Power Bl

Power Bl is a cloubased service that lets users accdagersedata from anywhere. It can preat up-to-the-
minute views of data from many different sour¢elsen make those views accessibledesktopsand mobile
devices includng iOS and Android phoneehesourcesof datacan include ofpremises analysis technologies,
analysis services that run in the cloud, and cloud applicafimms Microsoft and other vendord-igure 2 shows an
exampleof a Power Bl interface.
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Figure2: Power Bl is a clouthased service that provides @@mmon usetinterface to data from many sources
including analytical data



Asthis examplesuggests, Power Bl can display information from many different sourcesnified way Just as

important, business users carse Power Bl tdefine these interfaceand reportsthemselves 1t KS& R2y Qi y SSR
rely on developers. Power Blsoprovides prebuilt dashboards and reports for Office 365, Salesforce.com CRM,

and other cloud applations.The toolsupports natural language queag wel] letting youaskquestions such as

G2 KIFEG FNB G2aGFt alfSa o8& thdogaditkd graghidallansws! biihese things f Ay S OKI|
have acommongoal: providinga modernUI for acessngdiverse data from anywhere.

Technology Snapshot: SQL Server Analysis Services
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But you also know that opremises technologies wille important for many years to come.

Data analysis technologies provide a good example of this. Today, many organizations store periodic snapshots of
operational data in ospremises data warebuses, then create business intelligence (BI) applicationsatyaa this

data. In the Microsoft data platform, the fundamental technology for doing th8Q& Servemhis relational

databasdets its users creatdata warehouseghen analyze the data they contain usiB@LServer Analysis

Services (SSASSAS ismature offering it was first released in 1998and itsupports online analytical

processing (OLAP), data mining, and more.

Describing the Scenario

Suppose that your organizatiarsesSSA$0 help your sales professionals monitor and understand currefésa
trends The people who usthis servicanight beat your headquarters, at some other location, or in the field.
Along withthis, they also need access to data provideddffice 365 ando customer information in
Salesforce.com CRMour organization can ustower Bl to provide a common Ul to all of theae Figure 3
shows

Business Users

=
SQL Server $

Relational Data Analysis
Warehouse Services

Salesforce.com
CRM

Office 365 w—
Data

Figure3: Power Bllets usersaccessnformation from SSASOffice 365, Salesforce.com, antany other data
sources
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Asthis exampleshows a Power Bl dashboarhn beconnected directly to SSAfata. This lets aalespersonvork
with analyticaldatavia this clouebased serviceHe or shecan also access information from applicationsningin
the cloud or elsewher¢hrough the same interface

Understanding YouOptions

IT leaders around the world face a common challenge: How should their organization adopt cloud technology? The
cloudcertainlyhas benefits, but it also has some clear risks.

Using Power BI can be a good place to stme value ofa common Ul has obvious appedt can make your users
happier.Startinghere also lets you provida widely accessible interface in the cloud while leaving critical data on
premises an approach thatanminimize bothregulatory concerns angour sense ofisk.

Another way toget started withdataanalysis in the clouto do a new SSAS project on Microsoft Azure. Azure
providesa technology calleihfrastructure as a service (laa8at lets you createvirtual machines\{(Ms) on

demand in Microsoftdat@ Sy i SN& ® L (i Q BSAFAdothdr softvéare in thesk YMs,itHer riime
environment much like your epremises world. You might do this save money, to get faster access to
computing resources, dyoth.

Whatever approach you choose, oneyfid A a Of SI N aA ONR A2 F( Qateasfigromsdgio Ay RI

G§KS Of 2dzRd LT @& 2 dzOmMdiBg alwayaokadaitRoidhes Ehang©stmuld Beva SittEpriofity for your IT
organization.

ScenarioAnalyzingLarge Amounts oRelatonal Data

Data warehouses have alysheld large amounts of data. Buatthe last few years, that data has gotten even
bigger.This implies more storage space, of course, but it also means that you need to process data faster to get
quick results. One wayp do this is tausemassively parallel processing (MPBlike thesymmetric

multiprocessing (SMRYpically used in traditional data analysis, MPP allows spreading a request across multiple
machines, then executing that request in parallel. The result is significantly faster answers to many analytical
queries.

Another change in data warehousiigghat the informationwe need to storéhas gottenincreasinglhydiverse.
Along with relationatlata, warehousesoday mightalsoneed to holdunstructureddata. Modern applications
create lots of this, includinkargelog files, click trails from web applicatiy and more As withrelational data,
G§KSNB Q& 0dzaAySa ainférindtiolz®ndAsihg & cgrhinfor technglagy thokkAviih both
unstructured and relational data can make life simpler

The Microsoft data platfornsupports doing this in a couplof different waysFor onpremises data, the platform

provides! y I ft @ GAO0& tf I GF2NY {@adSYy o!'t{0d C2NJRIGF KStR Ay
Data Warehouse.

Technology Snapshot: Analytics Platform System

Many organizationgoday successfully usen-premisesdata wardnouses created with SQL Server. But what if your
situationrequires handling many terabytes or eveneavfpetabytes of relational data®PS is designed for
scenarios like this



APS is a dedicated hardware appliatitat runsin your own datacenter, and it camandlepetabytes ofdata. The
appliancecontainsmultiple physical servers, with the hardware supplied by Dell, H&nather vendor
Applications running on APS use RJ®hich letsthem exploit theprocessing power of the LILJ A mujfideS Q a
servers.

Yet inmany organizationd] K S f A 2 yiteedy S&K | RNSG 12 FTAaNV DG & N&EY & i Mg d dZNBR® C2 NJ
amounts of unstructured data, the industry standard has become the Hadoop technfalogly. To let you work
with both relationaland unstructured data, ARP8soallows creating a Hadoop partition within the appliance.

GCombining relational andinstructureddata raises another question: How can an application issue a query against
both?With APS, the answer is a technology cabfetyBaseUsing this technology, an application can issue

standard TSQL queries against relational data in APS;retational data in APS, or both, then let PolyBhaadle

the details of getting theesult. Anong other things, this lets users work with APS data from common tools such as
Excel.

Technology Snapshot: Azure SQL Data Warehouse

APSets youanalyzdarge amounts of data in an geremises applianceBut more and more athe data that you

want to work with lives in the cloudVaybe that data is created by a custordeacing web application running on

I'T dzNBX F2NJ AyadlyOSz 2NJ LISNKIF LA AidQa O2YAy3a FTNRBY RS@OAO!
the source, the problem is to sterand analyze very large amounts of data in the cloud. To help you dththis,

Microsoft data platform provids Azure SQL Data Warehouse

To a great degreeSQLData Warehouseeplicates the functionality of APS in the cloud. Like APS, it can store large
amounts of relationatlata, then let applications use MPP ¢éxecutehigh-performance queries across that data. It
also supports PolyBase, letting you isSt#8QL queries across both relational andstructuredHadoopdata.

SQLData Warehouséas an important difference from APS, however. APS is a physical apphdiejmplies

that you must choose the size you need when you buy the hardwareD&@L\Warehousés a cloud service, so

you canincrease or decreasthe processing resources yoiseas your needschange ! y R 6 SOl dzaS A G Qa
serviceyou pay only for the resources yactually use

Technology Snapshot: SQL Server Integration Services

To create and maintain a data warehouse, organizations regularly pullrtatdne warehoug from operational
databasesThe warehouse can be built using SQL Server or APS or SQL Data Warehouse or many other
technologies, and the operational databases that provide the source data msghSQL Server, Oracle, a NoSQL
technology, or something edsWhatever the specifics, thegrocess is commonly callextract, transform, and load
ETY YR AGQ& dzadzr tte ldziz2zYlGSR

SQL Server Integration Servic8S(pis a technology for doing ETL and more. It can be usedmwtty different
data technologiesincluding thosgust listed, andit provides a dragand-drop interface for defining data
workflows.] A1S {{!'{Z {{L{ A& AyOfdzZRSR gAGK {v][ {SNBSNE IyR A

Describing the Scenario

APS and Azure SQhta Warehoseoffer similar services. Either one can potentially be used by applications
running on premisesn the cloud, or both. Figure ghowsa scenaridhat uses both technologies.
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Figure4: Analytics Platform System anfizureSQL Data Warehouse alloworking with large amounts of data
on premises and in the cloud, respectively.
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In this scenario, SSIS is used to load data into both APSzameSQL Data Warehouse. This data might be

identical, with a copy both opremises and in the cloud, orit mightS RAFFSNByid® LT az2vy$sS 27F
is prohibited by law from living in the cloud, for example, SSIS could route this data exclusivelyWwhat8er

the situation, data stored in both places can be accessed and analyzed using Power BI.

Understanding Your Options

Using either APS or &z SQlData Warehousean make senseheneverusingMPP makes sensé&here are also
casesvhere using the two togethetan be helpful, such as these

7 Aging data from ogpremisesstorage tocloudstorage Suppos you have an opremises application that
needs the scale and MPP power of APS. Over time, the amount of data you need to store might outstrip even
the capacity of this appliance. &nsituationlike this, you might choose to move older dateK | adc@sid less
frequentlyto Azure SQData WarehouseThis would likely make storage cheaper while still letting getuat
this ageddatafrom your existing MPP applications.

1 Application development and testing in the cloud. While there are some differdretegeen APS and Azure

l;

SQL Data Warehousthe twoLINE GA RS &AYAf I NJ aSNBAOSad . SOFdaS 2F GKA

applications in the cloud, then run them on premises. This avoids the risk of development projects interfering
with a production RSenvironment. It can also give development groups more control over the world they
work in, since the team can create and use its own instance of Azure SQL Data Warehouse.

7 Doing dsaster ecoveryin the cloud Suppose gur organization has creatashe a more missioncritical
applicatiorsusing APSncasedike this, having a disaster recovery solution is essential. What if yeur on
premises datacenter goes down because fibad or an earthquake or human errdAzure SQL Data
Warehouse can helgolvethis problem Because this cloud technology is so much like APS, yepneamises



applicatiors canpotentially run in the cloud wherthey needto, such as when the epremises appliance is
unavailable

ScenarioAnalyzing Large Amounts @fiverseData

For the last couple of decadesmpstdata warehousesavefocused on relational data KA & a K2 dzZt Ry Qi oS
The applicationsvhoseoperationaldatafed these warehouses werssingrelational datZ a2 GKIF 0§ Q& 6KI
analystshad to work with Yet(i 2 R lagplgationsoften createlarge amounts of unstructuredata. Traditional

G§SOKy2t23aA8a F2NJ IyttelAy3a NBtlLGA2yLE REFEGE 6SNByQd | LILJ
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A number of technologies have been createdatidresshis problem of analyzing large amounts of more diverse
data. One of the first, created by the open source community, thasHadoop technology family. Microsoft
providesHadoop(and more) as aervicewith Azure HDInsight.

Technology Snapshot: Azure HDInsight

2 KAtS 282dzQNB FNBS (2 Ayadlttt FyR YFyF3S | 1| R22L) Of dza G
simple. To make using Hadoop easier, HDInsight implentleistsechnology familas a cloud service. The goal is

to make it faster and cheaper to run your owtadoopcluster.

Among the technologies that HDInsight implements are the following:

_J Hadoop Distributed File System (HDR®jch provides a way to store very large files containing unstructured
data, relatioral data, sembtructured data (such a8SON documents), or anything elsiInsight supports the
HDFS API over Azure Blobs (désct later), which lets Hadoop applications access blob data in a familiar way.

2 MapReducea lowlevel programming framework for applications that process HDFS data in parallel. Because
these applications run across many machines at once, they can analyze large amounts of data more quickly
than an application running on just one server. (Tdeaiis analogous to the MPP approach used by APS and
Azure SQL Data Warehouse.) HDInsight also supports newer Hadoop programming frameworks for building
parallel data applications, such as Tez.

7 Hive which provides a highdevel approach for creating palftel data analysis applications. Hive includes
HiveQL, a SGlke language that can be used to express queries on unstructured data. These queries in turn
create applications built on a lowdevel framework such as MapReduce or Tez. HDInsight also $sioploer
hightlevel Hadoop languages, such as Pig.

2 Sparkwhich providesan alternative programming framework for running parallel data jobs on a Hadoop
cluster. Unlike the traditional MapReduce approach, however, which writes intermediate data to disk, Sp
keeps this information in memory. The result is much better performance for some kinds of applications.
Spark also includes several other technologies, such as support for machine learning and for analyzing
streaming data. One advantage of the Spatkfaf @ 2 @SNJ |  R22LJ Aa GKFdG { LI NJ]Qa
created to work together smoothly. With Hadoop, different technologies were built by different people at
different times, so using them together can require extra effort.

10



HDInsightalsoincludes other Hadop technologies that fit in other categoriesi KS& QNB y2i RSaA3ay SR
analysis. For example, HDInsight HBase is a NoSQL database for working with operational data, while HDInisight
Storm is designed for working with streaming data.

Technology Snapmt: Azure Data Lake Analytics

Hadoopg and HDInsight require creating a cluster. But suppose you just want to run parallel data analysis
applications without worrying about clustarsvhat then? Azure Data Lake Analytics addresses this situation. Like
HDInsit, this technology lets its users create queries that run in parallel across many different servers. Rather
than explicitly requiring a cluster, thoughn AzureData Lake Analytics user can just specify how many servers a
query should use. The system autatically allocates those resources to this query, then gives them up when the
query is complete.

Azure Data Lake Analytics lets queries accesssivdata from various sources, includiwgure Data Lake Store,
SQL Database, Blobs, SQL Data Warehoudenare. Wherever the data comes from, the queries can be written
in a common language called3QL. Derived from both SQL and GBQL can operate on both structured and
relational data. And whila U-SQL queryunsin parallel, this parallelism is hdled automatically developers
YSSRY QG @2NNE Fo02dz2i GKS RSGFAf&AO®D

Technology Snapshot: Azure Data Lake Store

I 5C{ A& 0S02YAy3a (2RI &Qa Yz2aili O2 Yivasgdata WhiNBDIMSight F2 NJ & 4 2 NJ
supports the HDFS API over Azure Blobsijriiptementation is mainly intended to be used by HDInsight

applications. To make HDFS more generally available, the Microsoft data platform includes Azure Datareake

Azure Data Lak8toreprovides HDFS as a cloud servidelikerelationaldata warelouses, which commonly fit

data into a strict schema, HDF&nd Azure Data Lake Starean hold pretty much any kind of data, whether or

not it has a defined schemapplications running on HDInsight cazad and write data stored in thiervice as

can USQ. queries running in Azure Data Lake AnalyfAzsire also supports popular Hadoop distributions running

in laaS VMs, including Hortonworks, Cloudera, and MapR, and applications running in these environments can use
Azure Data Lak8toreas well Even norHadoop applications can use this storage service, since access is via the
industry-standard RESTful interface defined by WebHDFS.

Technology Snapshot: Azure Blobs

¢KS GSNXY aof20é Aa Ly | ONRByeayY F2NJ . Ayl tdds: rdwbiNgyRlatdy. 2S0G =
Blob storage is quite scalable single blob can hold up to 200 gigabytesd relatively inexpensive at just a few

cents per gigabyte per month. An application might use it to store log data, images displayed to users, or pretty

much anything else.

Describing the Scenario

Suppose a development team in your organization createsvaecommerce application. Thieam might choose

G2 dzaS + b2{v[ RIGFIo6lI &Sz adzOK I & ! 1 dzNB Since8ssOdzySy 5. = ¥
opSNI GA2y It R (puttindtiey QLI NBT i & 2 ¢ rdaftr&dRicnal RIbtibr@llddta warehibuse

g 2 y Oulisonfething else is requirednd supposehe application also generaseinstructured datan other

ways such ady trackingthe clickstream each usereates Tracking and analyzing this dég@mportant, since it

can help you understand customer behavior and improve the application over time.

11



In situations like thisiDInsight Data Lake AnalyticBata Lake StoreandBlobs can help Figure Shows how
things might look.
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Figureb: AzureBlobs, AzureData LakeStore, AzureHDInsight and Azure Data Lake Analytican be used
together to store and analyze laye amounts ofdiversedata.

In this example, the application wrieclickstream data directly into Azure Blobs. This data is volumiaadst
R2Say Qi ySSR Y dzodst bidhishida(@ is dztdBdoptiare Fof histarical data, snapshots of
operational data are moved periodically into Azure Data LSthee alloving it to be accessed by any application
that can use HDFS.

Both kinds of datacan beanalyzedusingeither HDInsighr Azure Data Lake Analytidsn analysis application

might issueHiveQL queriedpr instance gach of which creates a MapReduce fbht processeshe relevantdata

in parallel Alternatively, this application might be written as a3QL query run on Azure Data Lake Analytics. In

either case, theesut can bewritten to Azure SQL Data Warehouse, where it can be accesdmasiness usrs

through Power BIFor instance, a Power Bashboard might showhings such as the number ofirrent

customesr g KI G O2dzyiNASa GKS@QNB O2YAy3I FTNBYI K2¢ Ylye &akKz
the last hour, and any other aggregate infation i K | imip@réant for this businessUsers might also user Power

Bl to explore this combined data to look for trends and other useful information.

Understanding Your Options

As just describedhe Microsoft data platform provides\ariety of techndogies forworking withlarge amounts of
diversedata.2 KSy @& 2 dzQNB Y| | AwhéhardhoRt® (Gsk theitechholdgi@Lthig(section describes,
there are several things to keep in mind. Among the most important are the following:

7 Hadoop is an ecostemof related technologieslf you choos®ne Hadoop technologyt often makes sense
to choose others from this family. For examphdvile the scenario in Figure dses DocumentDB as its NoSQL
store for operational datathe developers could have choskiDInsightHBasensteadL ¥ €2 dz {y 26 & 2 dzQf
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