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Non-relational databases for
data management
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Technologies for Data management

/DataWarehouses
A\IoSQLdatabases
,fMapReduce

o andother models fordistributed programming

/Distributedfile systems (GFS, HDFS, etc.)

/&Sridcomputing, cloudcomputing, HPC computing

Aargescale machindéearning, Big Data
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Relational Database Management Systems

/RDBMS ar@redominantdatabase technologies
ofirst defined in 1970 by Edgar Codd of IBM's Research Lab

/Data modeled as relationsaples)
oobject =tuple of attribute values
Aeach attribute has a certain domain

oa tableis a set of objects (tuples, rows) of te@me type
Arelation isa subsebf cartesian product of the attribute domains

oeach tuple identified by primary key
Afield (or a set of fields) that uniqueigentifiesarow

cOAAT AO AT A 1T AEAA Goteigtkeys OAOAT T 1T A
/ESQLquery language

DATA MANAGEMENT AND VISUALIZATION

hr2



RDBMS Example

Students
o [D# | Name |Phone DOB
500 | Matt 555-4141 0603/ 70
501 |Jenny | 867-5300 3/15/81
502 | Sean 876-9123 10/31/82
i
TD# ClassID | Sem
L 3
500 1001 Fallo2 ClassID | Title ClassNum
2 1002 Fall)2 10014 Intro to Informatics 1101
501 1002 Spro3 1002 Data Mining 1400
502 1003 5203 1003 Intemet and Society 1400
Takes_Course Courses

SELECTName
FROMStudents STakes Coursé
WHERES.ID=T.ID ANIlassID= 1001

source: https://github.com/talhafazal/DataBase/wiki/Horvgork-%233-RelationatData-vs-Non-RelationatDatabase
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Fundamentals of RDBMS

Relational Database Management Systems (RDMBS)

1. Datastructures arébrokeninto the smallestunits

Anormalizationof database schema
c because the data structure is knowmadvance
< and users/applicationguerythe datain different ways

Adatabaseschemaisrigid

2. Queriesmergethe data fromdifferent tables
3. Write operations aresimple, search can be slower

4. Strongguaranteedor transactionalprocessing
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From RDBMS to NoSQL

Efficient implementations of
- table joins and of

- transactional processing
require centralized system.

A\|OSQL Databases:
/Databaseschematailored forspecific application

o keep togetherdata pieces that are often accessed together
Anrite operations might be slower bugad is fast
ANeaker consistencguarantees
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Data model

/The model by which the databasgganizesdata

/ZEachNoSQL DRype has aifferent data model

o Key-value, document, colunmiiamily, graph

o The first three are oriented oaggregates

/Let us have a look at the classidational model
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Example: UML Model

<<Entity>> <<Entity>> <<Entity>>
1 Customer 1 0..N Order 1 1 Invoice
—
name date bankAccount
paymentDate
1 0..N
<<Relationship>>
Invoice Address
0..N
<<Entity>> <<Entity>> 1
Product 1 0.N Order Item <<Entity>>
Address
name quantity
price street
Ci
~ L zutg
<<Relationship>>
Customer Address
Oi OOAAd (11 OAT OGUh +71 OAER -ETAGpER .7 OUE8 "EGC $AO0A A .131, AAOAAUUA8 woXxVs
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Example: Relational Model

Customer

customer|D
name

addressID (FK)

Product

roductlD

name

Ol OOAAG (11 OAT OUh +1 OAEh - ET AGpEHh

.1 OUES

Order

orderNumber

date

customerlD (FK)

Invoice

invoicelD

bankAccount
paymentDate
addressID (FK)

orderNumber (FK)

Orderltem

Address

orderNumber (FK)

productID (FK)

quantity

price

addressID

street
city
ZIP

"EC $A0A A 131, AAOAAUUA8 woxVs
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The Value of Relational Databases

I (mostly)standarddata model
/ZManyweII-developedtechnologies

o physical organization of the data, search indexes, query optimization, search operator
Implementations

koodconcurrency:ontrol (ACID)

o transactions atomicity, consistency, isolation, durability
ﬁMany reliablaentegration mechanisms

cOOEAOAA AAOAAAOA ET OACOAOEIT T o6 1T &£ APPI EAAOQEIT I
AWelkestablished familiar, mature, support,...
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RDBMS for Data Management

/Relationalschema /However realdataare
- naturallyflexible and
- rapidly changing

1T 6 Al 1ibdivakce.] x

o data in tuples
o a prioriknown schema
/Schemanormalization

o data split into tables Anefficientfor large data

o queries merge the data 'ﬁg in distributed
Oow In aistriou

Mransactionsupport environment
o trans. management with ACID
o Atomicity, Consistency, Isolation, Durability AFUII transactionsvery
o safety first Inefficient indistributed

environments
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«NoSQL» birth

AT Xiin #AO1I 1T 30O0dolrdsEeiidna Not AE
_ _ OnIySQl_
database that did not expose the standard SQL interfa

AT wooi *TEAT J OEAOOOI T80 j, AdOOS.
to discuss recent advances on noglational databases.

oA new, unique, short hashtag to promote the event on Twitter
was needed: #NoSQL
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What is «NoSQL»?

/Term used in late 90s for a different type of technology
o Carlo Strozzihttp://www.strozzi.it/cgibin/CSA/tw7/l/en_US/NoSQL/

/@ot Only SQB e

ocADO T AT U 2%$"-3 AOA AiI O O11T 06 EOOO 31,6

. 131, EO Al AAAREAAT 6A1 OAOI xEOE 11
o first usedat an informal meetup 112009in San Francisco (presentations from Voldemort, Cassandra,
Dynomite, HBase, Hypertable, CouchDB, and MongoDB)

[Sadalage & Fowler: NoSQL Distilled, 2012]
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NoSQL main features

o schemaless
no joins (no tables, implicit schema)

o

Studem Nlame | Surname

Baseline . (e Tare
i ngm Wm
horizontal scalability i
20;: ZCPI: 20’; 2 0h
Horizontal Scaling

http://www.slideshare.net/vivekpariharl/mongodbcalabilityand-high-availability-with-replicaset
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Comparison

Relational databases Non-Relational databases

Specialized storagesolutions, e.g, documentbased keyvalue
pairs, graph databases, columnar storage

Table-based, each recor$ a structured row

Schemaless schemafree, schema change is dynamic for each
document, suitable for serstructured
or un-structured data

Predefinedschemafor each table, changes allowdalit usually
blocking (expensive in distributed and live environments)

Horizontally scalable NoSQLdatabases are scaled by
increasing the databases servers in the pool of resources to
reduce the load

Vertically scalable, i.e.typically scaled by increasing the powe
of the hardware
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Comparison

Relational databases Non-Relational databases

UseSQL (Structured Query Language) for defining and manipulating th€ustom querylanguagesfocused on collection adlocuments, graphs,
data, very powerful and otherspecialized data structures

StlictlbtliEdulp SRS g el gk No standardinterfaces to perform complex queriesp joins

SRl ST RS Suitable for compleXe.g.,hierarchical) data,similar toJSON and XML

SemplEsiysll oreeizstiie Fesi el iisvset Soll Sy ExamplesMongoDRB BigTable Redis CassandraiiBaseandCouchDB
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Non-relational/NoSQL DBMSs

A? ros

o Work with semistructured data (JSON, XMLtypical for web/online applications
o Scale out (horizontal scalirgparallel query performance, replication)

o High concurrencyhigh-volumerandom reads and writes

o Massive data stores

o Schematfree, schemaon-read

o Support records/documents with different fields

o Highavailability by design

o Speed (join avoidance)
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Non-relational/NoSQL DBMSs
/ZCOHS

o Do not support strict ACID transactional consistency

oData is denormalized

Arequiring mass updates (e.g., product name change)
o Missing builtin data integrity (deit-yourself in your code)
o No relationshipenforcement (e.g.foreignkeys)
oWeak SQL
o Slow mass updates
o Use more disk space (replicated denormalized record5()
oS EAEEAQOI OU ET OOAAEET C OOAEAI Ao j OAO
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Just Another Temporary Trend?

,&l' here have beenther trendshere before
oobjectdatabases, XML databases, etc.

/But NoSQL databases:

oare answer taealpracticalproblemsbig companies have
oare often developed by thbiggest players
ooutside academia but based @olid theoretical results

Ae.g.old results on distributed processing

owidely used

DATA MANAGEMENT AND VISUALIZATION
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NoSQL Properties

1. Goodscalability
¢ horizontalscalability instead of vertical
7. Dynamic schemaf data
c different levels of flexibility fodifferent types of DB

3. Efficientreading
¢ spend more time storing the data, bu¢ad fast
c keep relevant information together

4. Costsaving
¢ designed to run owommodity hardware
c typically open-sourae (with a support from a company)

DATA MANAGEMENT AND VISUALIZATION
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Challenges of NoSQL Databases

1. Maturity of the technology

o EO6O0 CAOOEI ¢ AAOOAOKh AOO
7. Usersupport

o rarely professional support as provided leyg.Oracle
3. Administration

o massivedistributionrequires advanced administration

4. Standardsfor data access
o RDBMS have SQL, but the NoSQL world is more wild

5. Lack ofexperts
o not enough DB experts on NoSQL technologies

DATA MANAGEMENT AND VISUALIZATION
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The End of Relational Databases?

/Relational databaseare not going away
oare ideal for a lot of structured data, reliable, mature, etc.

/RDBMSbecame oneoption for data storage

Polyglot persistence using different data stores in different
circumstances

[Sadalage & Fowler: NoSQL Distilled, 2012]

Two trends
1. NoSQLdatabaseamplement standarcRDBMS features

2. RDBMSareadoptingNoSQL principles

DATA MANAGEMENT AND VISUALIZATION
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Types of NoSQL databases

Key-Value

key

key

key

key

http://www.slideshare.net/Couchbase/webinanaking-senseof-nosgtapplying-nonrelationatdatabasesto-businessneeds

— >
—
— >
—a>»
Graph

Column-Family

Column 1

Column 2

Document
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1) Keyvalues databases

Simplest NoSQL data stores

Key-Value

Match keys with values

Easily scaled

ey | TR
NO structure
Greatperformance s m
reatperfo

key

Very fast

Examples: Redis, Riak, Memcached
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2) Columnoriented databases

/Store data incolumnar format
o. ATA B O$AT EAI A6dOT xXhOT xQn O- AOAT 6401 xWhOI x
3001 AT A B O! PEI AOOEG6 dOT x Xh . [ x Wy
i | | JE0q Column-Family
/A column is a (possibiyomplex)attribute Comnd  Column 2

/ZKey-vaIue pairs stored and retrieved on key in a pe
system 6imilar toindexes) _" - -
/Rowscan be constructed from column values -

o2) — | [Naied] | | Nee]

/Column stores can produce row outptlyles)

kompletely transparent to application

ﬁExampIes: Cassandra, Hbase, Hypertable, Amazon
DynamoDB
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3) Graph databases

/Based on graph theory

Made up bywerticesandunordered Edges or ordered
Arcsbetween each Vertex pair

/Used to store information aboutetworks
/Good fit for several real world applications
/ﬁéxamples: Neo4J, Infinite Graph, OrientDB

DATA MANAGEMENT AND VISUALIZATION
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4) Document databases

/Database stores and retrieves documents
/ZKeys are mapped to documents
/Documents are selflescribing
(attribute=value)
/Has hierarchicatree nested data structures
i A8Cs8h | APOh 1T EOOOh AA
/ZHeterogeneousnature of documents
fExampIesMongoDB, CouchDB, RavenDB.

DATA MANAGEMENT AND VISUALIZATION
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Documentbased model

/EStroneg aggregateoriented
o Lots of aggregates
o Each aggregate has a key
o Each aggregate is a document

/ZData model

o A set of <key,value> pairs

o Document: an aggregate instance of <key,value:

pairs

/Access to an aggregate

o Queries based on the fields in the aggregate

# Customer object
{
"customerId": 1,
"name": “Martin",
"billingAddress™: [{"city": "Chicago"}],
“payment": [
{“t}."pE“ s "ahet" \
“ceinfo™: "1000-1000-1000-1000"}

]
¥
# Order object
{
"orderId": 99,

"customerId": 1,

P"orderDate” : "Nov-20-2011",

“"orderItems"”:[{"productId”:27, "price": 32.45}],

"orderPayment”:[{"ccinfo":"1000-1000-1000-1000",
"txnId":"abelif879rft"}],

"shippingAddress”:{"city":"Chicago"}

i

DATA MANAGEMENT AND VISUALIZATION
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Document basics

/Basic concept of data: Document
/Documents areself-describingpieces of data

o Hierarchical treedata structures

o Nested associative arrays (maps), collections, scalars

o8-,h *3/. j*AOA3A0EDPO / AEAAO
/Documents in @ollectionOET &1 A AA OOEI

o Theirschemacandiffer

/Documentsstored in thevaluepart of keyvalue
o Key-value stores where the values araminable

o Building searchndexeson varioukeys/fields

DATA MANAGEMENT AND VISUALIZATION
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Document Example

:Zkey=3 -> {" personiD " 3,
"firsthame ": "Martin",
"likes ":["Biking","Photography" ],
"lastcity  ": "Boston",
"visited " ["NYC", "Paris" ]}

,Zkey=5 ->{" personlD "5,
"firstname " "Pramod",
" citiesvisited " [ "Chicago", "London","NYC" ],
"addresses " [
{" state " "AK",

"city ":"DILLINGHAM"},
{" state ":"MH",

"city " "PUNE"} ],
“lastcity " : " Chi cagoin }

source: Sadalage & Fowler: NoSQL Distilled, 2012



Queries on Documents

Example in MongoDB syntax

Query language expressed via JSON

clauses: where, sort, count, sum, etc.

SQOL:
MOHgODBZdb. users . find ()

SELECT * FROM users

Example 1

SELECT *
FROMusers
WHEREpersoniD =3

db. users .find({" personiD

Example 2

SELECT firsthame

FROMusers

WHEREpersonID
"“31) db. users .flnlci({"

{ firstname

DATA MANAGEMENT AND VISUALIZATION
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personiD
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Document Databases: Representatives

I >
‘ mongoDB ‘A

CouchDB

relax

MS Azure
DocumentDB

Ranked listhttp://db -engines.com/en/ranking/document+store
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