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Relationatechnologyhas been the dominant approach to working with datadecadesTypically accessed using
Structured Query Language (SQE)ational databases are incredibly usefuldées their popularitysuggeststhey
can be applied in mangifferent situations.

.dzi NBtFGA2yFE (GSOKy2ft238 AayQd lFtglea (GKS o0Sad | LILINRI
data, for exampletoo much to store on a single machine. Scaling relational technology to work effectively across
manyseners (physical or virtuatan bechallenging h NJ adzLJLJl2aS @2 dzNJ | LILIX AOF GA2y 42N
natural fit for relational systems, such davaScript Object Notatiod§ONdocuments.Shoehorninghe datainto

relational tableds possible, but storage technologyexpresslydesigned to work withhis kind ofinformation

might be simpler.

NoSQL technologies have been created to address problems like fketge name suggests, the label

SyO2YLIl aasSa | @FNARSGe 2F &afamilarIchtionabrivke) Zet echisSthey Gak | § R2 y
providegreater scalabilityalternativedata formats, and other advantages, NoSQL optionsscametimesbe the
right choicewSft I GA2yf RFEGFIolF&aSa KIF@GS I 32 2RanfsioatdedBEt | YR (G KSe@

NoSQL databases get more important every day.

Microsoft Azure supports a variety of NoSQL technologibis guidevalks throughthe options, explaining what
each oneprovides.

Data onAzure The Big Picture

One way to think aboudlata is to divide it into two broad categories:

7 OperationalR I i I réaf &nd W@ iEtenby applications taarry out their ordinaryfunctions. Examples
include shopping cart data in a web commerce application, information about employees in a human
resouices system, and buy/sell prices in a sttrelding application.

7 Analyticaldatali K 1 Q& dza SR G2 LINE @I} P8 datadzdifery cteatéd syonhgtiet t A 3Sy OS
operational datausedby application®ver timez | Yy R A (i Q & -od2 Féréa@nyipiepan dtdahization
might record all of the purchase data from its web commerce application or store all buy/sell prices for stock
trades then analyze this data to learn about customer buying habits or market tra8etsause¢hese
analytical datasetprovidea histoical recordi K S @amha@hly muctbigger than: y | LILJE A OF GA2y Q& Oc
operational data.

Although the line between operational and analytical deda sometimes be blurpydifferent kinds of technologies
are commonly used to work with tise two kinds of informationThose technologies can be either relational
they use SQL or nonrelational Figure 1 usethesetwo dimensions obperational/analytical and SQL/NoSL
categorizethe data technologieshat you canuseon Azuretoday.



Operational Data Analytical Data

Document Store
(DocumentDB, MongoDB, ...)

NosQlL Key/Value Store Big Data Analytics
Technologies (Tables, Riak, ...) (HDInsight, Hadoop)

Column Family Store
(HBase, Cassandra ...)

Managed service

saL Relational Database Relational Analytics provided by Azure
Technologies (sQL Database, (SQL Server, Oracle, Mysal, ...)
g SQL Server, Oracle, MySal, ...) Software that can run in

Azure virtual machines

Figuie 1. Azure dita technologies can berganizedinto four quadrants.

As the figure showgAzureprovidesa group ofmanagedservicegshown ingreen) for working with relational and
non-relational data. It also lets you use other data technolo@&#®wn inblackitalics) by running them imAzure
virtual machires(VMs)

The two quadrants in the bottom row of the tahileustrate the SQL technologig¢bat can be usedn Azure They
are:

7 Relational databasesincluding the managedzureservice provided b$QL Databasand the ability to run
other database systemsuch asSQL ServeOracle andMySQL.in AzureVMs

_J Relational analyticswhich can belone usingSQL Servefracle MySQLl.or another relational database
system running izureVMs.

Thetwo quadrants in the top row of Figure 1 illustrate the NoSQL technologiec#mabe used oAzure As the
diagramshowsfi Q& O2YY2y i 2hndbiid drola févkdEfarént caté@g®s. The options include the
following:

_J  Document storesincluding the managed Azure service providedmgzumentDB You can also run other
document stores in Azure VMs, suchhsngoDB

7 Keyl/value storesincluding the managedzureservice provided byables You can also run other key/value
stores inAzureVMs, such aRiak

71 Column family storesincluding a managed Azure service that implemeétiBsse You can also run other
column family stores in Azel VMs, such a€assandra

7 Big data analyticsincluding the managed service providedAgureHDInsight This service implements
Hadoo | YR A G Qa | HadcdpydusselfinMaufe SMsli 2 NXzy

TKAa 3JdzA RS ¥ 2fdudNoSQimagagedserviadzNBo@uinentDB, Tables, HBase, and HDInsight.



RelationalTechnology A QuickReview

.ST2NB RAGAYy3I Ayil2 GKS b2{v[ ¢ 2rékiidRa techriologyAsust tBckbedi ( | NI A y
Azureofferstwo optionsfor working with relgional data:using SQL Databaserunningarelational database

systemin an AzureVM. While the two differ in important ways, theyoth use the same relational modfdr data

Figure 2 shows a concrete examplahi$ approach

Tables
ID 8| Name ||} Country ||l Age ||| LastUse
Application int |8 char char int date

B Column Name
B Column Type
@ PrimaryKey

[ ] Data

Figure2: The relational model organizes data into tablesith columnsdefined by a schema

A relational database stores datatables (More formally, a table iswelationz. ¢ KA OK Aa 6KSNB GKS
name comes from.) A table contains some numberafimns each of a specific type, such as character, integer,

or date. Aschemadescribes the columns each table dzave andeveryii I 6 f S QstoreRih ané or haterows

Eachrow containsavaluefor every columninthattab® | yR (GKS NRga& | NByQd {1SLIWG Ay |\

For examplesupposehe table in Figure Bsused to store data abouhe users of a web applicatioEach user has
a unique identifier alongvith aname,a country,anage, andhe date this user last accessed the applicatiBach
row describes one user, amVery row contaisthe same fieldspne for each column in the table.

An application can issue2QL querggainst one or more tablesh@ result is a relation containing values grouped
into rows.An application can alsatomicallyupdateor adddata in one or more tables usingransaction When
changes are wrapped in a transaction, either all of them haffe¢he transaction succeedsy none of them
happen(if it fails) To write logic that runs inside the database system itself, a developer can steatel
procedurer triggers In SQL Database, this logic is written-8QL, a language specifically designed for this
purpose.

Oneor morecolumrsin each tableare designated as therimary keyIn Figure 2, for instance, the unique

identifier created for each user serves this purpoBee system automatically creates imaexcontaining the

valuesin this column, whiclspeeds upearching fodatausing thatkep L G Q& | f a2 sdcthdayAof S (2 O
indexeson other columns in a table. These indexes speed up the execution of queries that access data using

column values other than the primary kdyor example, if an applicatiaften needed to search for users by the

RFGS 2F GKSANI f£F&ad dzaSz | NBflFGA2Yy I f RIFEGFEOFAS O2dzZ R ONJ



The relationamodelis a beautiful thing. Schemas help avoid errors, since an attempt to write the wrpagfy
data into a particulacolumncan beblockedby the databasaystem Transactios free developers from worrying
about inconsistent data caused by failures during updagesn when the updates span more than one table
Secondary indexes lepplicatbns access datefficiently using differenkeys giving developers more flexibilitjll
of these are good things.

But these benefits come at a cofior example,ii Qard to spread data acrogsanyservers 8 2 YSG KAy 3 GKI GQa
requiredat large scale and gill provideall of thesefeatures It can alsssometimesbe challenging for an

application developer to map thebjectsin her application to relational tableand schemas can make it difficult

to deal with changing datdn situations like thesdhe people creating an application migimsteadchoose to use

a NoSQL solution

AzureNoSQL Technologies

{FreAy3a GKFG a2YSGKAYy3I Aa | baA{iwEa ¥ OKKET 2(33625/3 R 2S5 2201
what the technology is, however, begse quitedifferent approaches are lumped together under thimad

umbrella For operational data, these approaches are commonly grouped intthtlee categories shown ithe

upper left quadrant ofigure 1 document storeskey/value storesand columnfamily stores This sectiodooks at

the managed services théizure offers in each of these categories

Document Store: DocumentDB

¢CKS NBga |yR O2ftdzyyya Ay F NBtlIGA2y It GFofS LINRPGARS aidNJ
data you application is working with? For an application working with JSON data, for example, a storage

technology designed for JISON may well be a bettefdit.situations like this, and plenty of others, Azure provides
DocumentDBFigure 3 provides a simpl&stration of this clouebased document store.

Collections

_ Request {

/APPHCGH-OH "name": "John", "name": "Eva",
"country": "Canada", "country": "Germany",

"age": 43, "age": 25
"lastUse": "March 4, 2014" }

{
"name": "Lou", "docCount": 3,
"country": "Australia", "last": "May 1, 2014"
"age": 51, }
"firstUse": "May 8, 2013"

Figure3: DocumentDB a document store, lets an applicatiowork with data asJSON documents.



As the figure shows, BocumentDRlatabasecontains acollectionof JSOMNlocuments5 2 y Qi 6 S O2y ¥dza SRZ
CKS ¢62NR GR20dzyYSyidGé¢ KSNB KlIa y20KAy3 (2 R2 gAGKI alé&z .
bunch of JSON texiSON is derived from the syntax of JavaScript, which makes it easy for JavaScript deieelopers

use.But JSON support isvailable for multiple languagesh 1 Qa y 2 i 2 y fe€ause 2 pudvitiéls @din{pl® NA LIG @
and compact way to represent datdSON hasecome a popular way to represent information for transmission

and storage.

The example in Figuredhce again holds data aht users of a web application. This data is stored quite

differently than in the relational table showin Figure 2howeverw | 4§ KSNJ G KIy adG2NAy3 S| OK dza
a2YS GlroftST 520dzYSyiG5. A yasep&ateRSANidachiBbresam@gOoalrieStNNa R G |
contains the name, country, age, and last use date for dzi S NJ v |. YfsRthessald® kfgrination thaa

row of thetable shown in Figure 2 might contain, but unlike a relational talecumentDBteres everything as

text, using the conventions and data types defined by JSON.

DocumentDB differs from relational tables in other ways, too. As described earlier, relational tables have a fixed

schema, with each row containing avaluedti2 ¥ G KS G 0t S Qarued® dodamightsih ¢ KA a Aay Qi
DocumentDBIn Figure 3, for example, Document 2 omits the lastUse element, while Document 3 replaces lastUse

with something completely different, the date that a ugegst began using the applician. And look at Document

stAlG R2SayQi O2y il Ay AYyF2NXNIGA2Y Fo2dzi | dzaSNJ G fftad L
user documents in this collection and thate the last one was addedhis is all perfectly legal. As with most

NoSQlstores, DocumentDB has no fixed schema. Each document in a collection can look any way its creator wants

it to look.

To access and modify data, an applicatioakesOl f f & (2 52 0dzySy 5. Qa w9{ ¢Fdzx AysG$S
these calls can submit quegagainst one or more documents in a collection usirgQtbased query language.

LiQa |faz2 Ll2aaArof S aidriggeidlat rin$nsideDo2uNBniDB it Wrifar drNidszit,

a stored procedure is always wrapped in an atomic tratiea, so all of the changat makes to documents in a
collectionsucceed or faihs a groupAnd to make access fast, DocumentDB creates an index for every JSON

element in every documenihese ardike the secondary indexes in a relational system, 5 & QNS 6 dzA
automatically by the system.

Like most NoSQL technologi@&ycumentDBs designed to suppt very large amounts of data, up to hundreds of

terabytes in a single database. To allow tttig collectionsin a DocumentDB databasan bestored ondifferent

machineswithin the service While this helps with scale, it also brings some constraints. Each query can talsget o

one collection, forexamplé, Yy R a2 RIFGF GKIFIGQa 2FGSy I 00SaaSR (G23SGKSNJ
Transactionsas OF y Qi aLly O2ffSOGA2yad 2KAES AdQa LlaairoftsS G2
AGQa dzLJ 2 GKS FLIWX AOFGA2Y (2 SyadaNBE O2NNBOlGySaa 2N dz

¢2 YI1S adaNB GKFdG | aay3atsS asSNehs nNdavkiladleDaandentDB2oreQ G Y 1S |
multiple copies of each collection on differemiachinesBut replicating data lik this brings another challenge

What happens when data is changed? If an application reading that changed data waits until all ofitas ee

dzLJIRF G SR Ad Q& 3dz NI y i Sr&aR willib2 relatiSef sién2 dbiplidaiion RHoasés steadizi (1 K S
to read from anyavailablereplica without waitingor a change to propagate to all of therthe read will be fast,

but the datait returns might bewrong 6 KI G A F G KA a NBLIX A Differdatappyications ba8eS Yy dzLIR |-



different requirements their creatorswant to trade off performance and data consistency in different waged
so DocumentDB provides four consistency ops

7 Strong which is the slowesif the four,but is guaranteed to always return correct data.

| Bounded stalenessvhich ensures that an application will see changes in the order in which they were made.
This option does allow an application to see-offdate data, but only within a specified window, e.g., 500
milliseconds.

7 Sessionwhich ensures that an applicati@lways sees its own writes correctyt allows access to potentially
out-of-date or out-of-order data written by other applications.

7 Eventual which provides the fastest access, but also has the highest chance of returniofydaie data.

DocumentDBs a managed servicepR S @St 2 LISNB OFy ONBIFGS yS¢ RIEGlFIolF&aSa | yF
need to install or manage servef®eserviceismultli Sy I yi > K2gS@OSNE $KAOK YSIkya GKI
by multiple applications. How cdhe systenmake sure that no single user gets more than its share of the
ASNIAOSQa NBaz2dz2NODSakK ¢KS yagSN Aa GKIFG SHFOK 520dzySyids.
Each CU includes a specific amount of storage and resémeaghput, whichlets $ @St 2 LISNBR 1y 26 G KI
3SG GKS LISNEpgayxagoy OS G KSeQ

LiQa FFEANI G2 al & (KI tviddy2edeyS®Y dhon doday. Wik DoclinieBDBWikr&ofty 2 &
aims at making it simpler and faster for developers to build applications that use this apgoodbhkir data.

NoSQL in the Azure Store

Microsoft provides a variety of NoSQL technologies as managed services on Azure. But this cloud platforn
includes the Azure Store, through which develop=as purchase othemanaged\NoSQlofferings Among the
choices are:

r Managed MongoDB services provided by MongolLabs or the company called MongoDB.
L RavenHQ, a managedcument storebased orRavenDB
L Redis Cloud, a managed key/value store based on Redis.

AndF & Ff gl easxs &2dzQNB FNBS (2 Ayadlft .ThéRaliyzhatl y &
there are lots of different ways to use NoSQL technologies on Microsoft Azure.




Key/Value Store Tables

Suppose youapplication needs very fast access to large amounts of déagbed 2 dzQNB ONEBmérdey 3 |y S
website, for instancethat maintainsa large number obnline shopping cas. The datas relatively simpleti Qa 2 dza
information about the items a customer is interested in purchasing. The operations the application pedorm

this data are also relatively simple: read and write using a unique key for each shopping cart.

¢t KA&a aOSy !l NJhepowe & argl@lidnal yisfabaRe. And since that poe@nes with a cosusinga
relational systenwould likely limitthe number of simultaneous users your application can supgeet carrying
out lots ofoperations on large amounts sfmply structureddata, a key/value storsuch as Azure Tablean be a
better choice. Figure #lustrates the basics of this technology.

Tables

n n Name Country LastUse
- string M} String I Date |l
_ Application /m\
v\ “n Name Country .
artition
n n D D string WY String IR A

\:| Entity . Property Name e - g - Date il

- Property . Property Type Count Last
@ rartitionkey [ | Data ﬂn int M8} Date I Partition
B

B Row key

Figured: AzureTables a key/value store lets anapplication provide a key and gebackvaluesassociated with
that key.

Thebasic idea of a key/value stoie simple An application gives the store a unique key, then gets loaekor
more values associated with that key, as the figure shows.

In AzureTablesdata is held irtables whichare split intopartitions. Each partition holds some number @ftities

and each entity containgroperties Each property has aameand atype, such as integr or character stringr

date, and each one holds a value. One property in each entity is designated parthien key and it contains the

same value for all entities in a particular partition. A second property in each entity is designatedas Kes,

FYR AlG O2yidlAya | @FtdzS G(GKFGQa dzyAljdzS 6AGKAY AdGa LI NI A

To retrieve an entity, an application provides the partition key and the row key for that entity. What comes back is

the entity this key pair identifies, includirspme orall of its propertiesThis response can be formatted as either

XML or JSON, depending on what the client speclfiegs Q& | f a2 LJl2aaArofsS G2 | O00Saa | NI
request.AzureTableshas no support for secondary indexes, howavaccess igia partition and row keys



Like other NoSQL technologies, Azure Tables has no notion of schema. Each entity in a partibatagan ¢

different propertieswith different datatypest ¥ G KI 6 Qa ¢KIF G YI1Sa GKS Y2ai asSyas
example Bown in Figure 4, for instance, the entityth the key Almight hold thesameinformation as Document

1 in Figure8: the name of a user, her country, her age, and the date she last used the system. Entity A2 might hold

the same information as Documenty?i CA 3dzNB oY 2dzaid | dzaSNXRa yI YST O2dzy i NE
same information as Document 3 in the earlier example, while entity B2 again holds a count of users and the date

2y H6KAOK GKS 1 &0 dzaSNJ 61 & I RRSR® ¢KSNBQa y2 NBIdzA NEBR

Whatever the data looks like, Tables allows very fast access to entities. This access is relatively simple, however.
¢tKSNBQ& y2 NBFf 1jdzSNE fFy3dzZ 3ST | fiK2dzaAK a2YS 2LISNI (A2
support for stored proceduresr triggers A group of updates can be wrapped in an atomic transaction as long as

all of the entities involved are in the same partition of the same table.

Like DocumentDBAzureTablesstoresmultiple replicasof each partitionon different servers soa single machine
FI Af dzNB that ga@inaviilableBnlike DocumentDB, howevekzureTables always provides strong
consistencywhich means that reads always return the latest d@iables also offers the option of geedundant
storage, witha copy of yourdata stored in two different Azure datacente@hangesre asynchronouslypdated
across these copies.

One more attractive aspect of Tables is their low price. While the details vary depending on the options you

choosa geo-redundant storage cds morer this NoSQL serviéeless expensive than DocumentDB. This is partly
0SOlFdzaS e2dz LI & 2yfté& FT2NJ aG2NJF 3ST GKSNBQa y2 3Idzr N} yiSS|
might vary. Stilla key/value storés the right choice imanysituations. Its simplicitygcalability, and low cost

make it a good match fajuite a fewapplications.

Column Family Store: HBase

{dzLJL12 4SS (G KS R with fitsweldz@Nd&ditianal taf)las rows and columns are a good approach
0 dzii A lg@odusein Peltiodal database. Suppose further §airtablesare sparse manyof the cells in each
GrotS R2y Qi KI @S | @FftdzS® C2NJ aAldz dAz2zya tA1S GKAAZ &2

(@]

For exampleimaginecreating a table with informi@on about every welpage on the Internet. Each row could

describe a page, while each column describes saspect2 ¥ G K| G LI 3S o | 2 thedwRb iKbigdS 2 0 &
and because a webpage can potentially have many diffexepect & 2 dzQR | df doRmnK. B@@nyéf 2 (i a

the cells in this table would be empty, because most pages will have only a subset of possible attributes.

HBase is a good fit for problems like thigyure 5 illustrates the basics of the HBase data model.
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Tables
g¢ LastUse 2 [ User) Usage.
_ Application 1D || Name | Age ||| LastUse Ji| Joined |
e e ||[] f=R NN =) | - "
— egion
a Ll -
8 ) ()
. Column Key (Family)
B Column Key (Qualifier) o @ (] ) ()
B Row Key E (] - ] Region
D Data (optionally with %-J_‘J—L

timestamped versions)

Figure5: HBase acolumn family store, provides tables whos&olumnsare groupedinto column families.

As the figure shows;Base tables have rows and columrge columns are grouped intmlumn families
however, which is different from relational table¥he olumn families in @able must bedefined up fronf so
HBase does hawelittle schema, but the columns in a particular ecolufamily are not. ¥u can add new ones at
any time.

The example shown here once again stores information about the users of appéibation. The column family
Userhas a columnthathokl dzy AljdzS 1S@ F2NJ SIFOK NRgx Ff2y3a gAlK O2f dz
The column familyJsagehas columns that can store the date a user last used the application and the datethe fi

used it.

Notice that unlike a relational table, not all rows have a value for all columns. This relaxed view of rows is how
HBase deals with diverse data. Rather than holding docusargntities with different values of different types,

as inDocumatDB or Tablesan HBaseauserjust adds a column for whatever types a row might be reqlibe

store. Tables can be highey can have millions of columns and billions of rowst most of the cells in the table
might be empty

HBase tables also differ frorelational tables in other interesting wayEhere are no data types, for instance.

Every table holds nothing but bytestrings. Agach celtan contain multiple timestamped versions of a value,

which is useful when applications might need to acaddsrinformation. Also,as the figure shows, the rows in a

table are broken intgegions each of which can be stored on a different machifgs is how an HBase table

scalesto hold more data thawill fit on a single machine. RS @St 2 LIS NJ dzaskeféyiors, htwaver. R2 Say Qi
Unlike DocumentDB containers and partitions in Azure Tables, both of which must be defined by the creator of the
database, HBase automatically partitions data across machines.

Il . FA&S R2SayQi LINRGARS | idptdeSchidiccebsithé datlre & Sparticulgglioy S Ry | LI

providingthree things a column familya column qualifier (i.e., @olumnname), and aow key.The request can
Ffa2 aLISOATe GKS GAYSAGE YL T2 NJ I bedaLdStiexciva die s@tBdNFi thery 2 F |
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keys,i K S N&hesil for the client to know which region contains a particutav; HBasecan figure this out by
itself. This approach is similar to a key/value store, and it provides fast access. Like Azure Tables, hiBaseer,
doS &y Qi & dzLJLI2 NI ; aa SpplizafidR helds to knbWRIBiE Rference the data it need$iBase also
supportscreating stored procedureis Java withan option calleccoprocessors

For updatesHBaseprovidestransactions, but only for chres to cells in the same row of a single table. Al |
most NoSQL technologiddBaseaeplicates data, storing the same information on multiple servers to provide fault
tolerance.This once agairaises the question of consistenayhich HBase answers in a straightforward way: It
always provides strong consistency.

I . FrasS Aa LINI 2F GKS 1ITR22LJ FILYAfte 2F GSOKy2t23ASazx |yl
Rather than being offered as a fully managed service, like DocumentDB or Tables, HBase requires a user to specify

how many instances (i.e.rtiial machines) he wants for his HBase cluster. HDInsight then automatically creates

and manages this cluster. HBase data is stored in Azure Blobs, and so pricing for this service has two parts: a per

hour charge for each instance in the HBase clustengpleith a pergigabyte pemmonth charge for the data stored

in Blobs.

Like othemNoSQL technologieklBase can be just the right choice for an application. But keepingth# options
straightcan be challengingli K SNBE Q& f 2 G a { gou dahiy; Siguce 6 slibmatizs sériefolthe key
aspects of the four managed services that Azure provides for operational data today: SQL Database, DocumentDB,
Tables, and HBase.

Figure 6: Azure provides a range of relational and NoSQL managed servicesdiatiomal data.
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