NoSQL Databases
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- Relational databases & the Impedance Mismatch

- The changing data landscape & the emergence
of NoSal

- Common characteristics of NoSQL databases



Databases

- Relational databases have been
a successful technology for
twenty year, delivering:
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- Persistence: storage of data = gu.

* Concurrency: applications

have many applications
sharing the data at once.
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- Integration: multiple
systems collaborating
together using a single
database.



Structured vs
Unstructured Data

ity

- There Is a divide between the relational model and the in-memory
data structures.

- Relational model:

-+ Organises data into a structure of tables and rows.

Jse relational algebra to conduct operations using SQL on
those relations.

Relations have to be simple, they cannot contain any structure
such as a nested record or a list.

- In Memory Data Structures

- Take on much richer structures

- Lists, Queues, Stacks, Graphs, Trees, Networks, etc...
- Are a better match for certain types of problems



Structured vs Semistructured Data

Trillions of Gigabytes (Zettabytes)
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 Unstructured and
Semi-Structured Data

Text, Log Files,

Click Streams,

Blogs, Tweets,
Audio, Video, etc.

Structured Data

2000 2006 2011

Source: IDC 2011 Digital Universe Study (http://fwww.emc.com/collateral/demos/microsites/emc-digital-universe-201 1/index.htm)



Impedance Mismatch
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Considerable effort spent on mapping data between
INn-memory data structures and a relational datalbase.



Large Data Sets
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- Organisations are finding it valuable to =7

capture more data and process it
quicker.

- ... finding It expensive to do so with
relational databases.

+ Traditionally relational database is w7 %<
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designed to run on a single machme J=F O

- More economlc to run large data

many smaller and cheaper
machines.

- Many NoSQL databases are designed

explicitly to run on clusters, so they =) -

make a better fit for big data scenarios.
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—mergence of NoSQL: Flexible Data Exchange

- During the 2000s there was a shift to
web services where applications
would communicate over http.

- These newer services use richer dat
structures with nested records and
lists - usually represented in JSON

- In general, with remote
communication there is a need to
reduce the number of round trips
INnvolved In the interaction

SO It's useful to be able to put a
rich structure of information into a
single request or response.



Scaling Up / Scaling Out

- The 2000s also saw several large web properties dramatically increase
INn scale - and these started tracking activity and structure in a very
detailed way: Links, social networks, activity in logs, mapping data.

-+ Coping with the increase in traffic required more computing resources

- Scale Up: bigger
machines, more

processors, disk -
Scale-Up | 9
storage and memory. il

- Scale Out: lots of
small machines in a  aeou
cluster.

As large websites moved towards clusters it revealed a new
problem, relational datalbases are not designed to be run on
clusters.




Common Characteristics SQL

of NoSQL databases _
@ 3

Web Mobile Enterprise Data mart

Relat onal table storage i i

Relationships use joins

hey do not use the
relational model.

- The do not use SQL

- Some have query languages
that are similar to SQL.

NoSQL
REY X @[ @

Gaming Social Web

- Generally open source.

Mobile Enterprise

- Most are driven by the need Opes E
to run well on clusters.

Key/value store Document

Column family store
database y




Central Concept in SQL: The Table

- Atableis a
collection of related
data held in a
structured format
within a database. It
consists of
columns, and rows.

tbl competitors

vid int
title varchar
first_name  varchar
mid_init char

last_name
suffix
street
city
stateprov C
postal_code varchar
phone
emall
nra_id
date_added  date
last updated date

tbl competitor category

1H:-:-mpetit»:ur_ﬂ int

scateqory fk  int fd——I

+id int

tbl special categories

1 .
+id int

*name varchar
*descr varchar

tbl competitor class

1'id int

tbl classifications

+id int

tbl match types

+id int
*name varchar

*descr varchai

tbl tournaments
+id int
*name varchar
descr varchar
*start_date date
*end_date date
*sanction fk int

tbl match sanction

+id int

*name varchar
cr varchar

*tournament_fk int

3 *type fk int

| . .
*match_fk 1int

q . .
ceqpt_fk  1int

shots int

distance int

tbl equipment categories

+id

*competitor_fk int *name char
[rclassification_fk int *descr varchar
*type fk int
tbl scores
rid int
> scompetitor_fk int
*stage_fk int
*points int
*x-count int
tbl matches tbl stages
. . . . 1
vid int vid int
*name varchar *name varchar



Central Concept in SQL: The Aggregate

- An aggregate Is a
collection of data
that we interact
with as a unit.

These units of data
Or aggregates form
the boundaries for
operations with the
database.

0321601912 1 $39 | $39

ID: 1001 \\ ==
customer: Ann

line items:
0321293533 2 348 | 896

order lines
0131495054 1 $51 $51
\\
payment details: \
~—3]

Card: Amex

expiry: 04/2001 \
N

4_\»

|
CC Number: 12345 N SN N E—




Table vs Aggregate

tbl competitors tbl competitor category tbl special categories

vid int vid int +id int
c | - —— |
title varchar competitor_fk int \ *name varchar
s varchar ecategory fk  int sdescr varchar

ch

[

A

last name ;a,-ch‘a,- tbl_competitor _class N tbl_classifications
suffix varchar int *id int
street varchar C titor_fk int]|, | *name char
cit varchar 1fication_fk int *descr varchar
sta char *type_fk int

varchar
varchar tbl scores
varchar
nira_id varchar
date_added  date

last updated date

int
int ,
int [4—
int
int

tbl match types
+id int

*name varchar
*descr varchar

tbl tournaments tbl matches tbl stages
r . 1 . . 1 . n 1
*id int *id int *id int
*name I *name varchar | *name varchar

| oY o I

descr varchar P* tournament_fk int ematch_fk int
estart_date date -»-t\»]:-e fk int @ shots int
cend_date date Plreqpt_fk int

*sanction _fk int distance int

tbl match sanction tbl equipment categories
1 1

+id int +id int
*name varchar *name varchar
*descr varchar *descr varchar

- Highly structured, rigid,
extensive, standardised
manipulation calculus

(SQL)

ID: 1001

customer: Ann ===

line items:

0321293533 2 | $48 | 896
0321601912 1 8§39 | $39
0131495054 1 851 \ 851

payment details:

N

Card: Amex
CC Number: 12345
expiry: 04/2001

\

N

Loosely defined concept

/

orders

order lines

customers

-/

\\>

credit cards

Varies depending on NoSQL
DB type

Not relevant to some DBs at all




Categories of NoSQL databases:

Data Model Example Databases
Berkely DB, LevelDB
Key-value Memcached, Project

Voldemort Redis,Riak

Document CouchDB, MongoDB,

RethinkDB
Amazon SimpleDB,
Column-Family Cassandra, Hbase
Hypertable
Graph FlockDB, HyperGraphDB,

Infinite Graph, Neo4d,




Key <Key=Customerl|D>

alue

Key val u e Customer

BillingAddress

-+ Simplest NoSQL data stores to use from an

AP perspective. Orders
Order
- The client can either get the value for the ShippingAddress
key, put a value for a key, or delete a key

from the data store. SRS
. The value is a blob that the data store just —
stores, without caring or knowing what's
Inside; it's the responsibility of the
application to understand what was stored.

Product

- Since key-value stores always use primary-
key access, they generally have great
performance and can be easily scaled



The database stores and retrieves
documents, which can be XML, JSON,
BSON, and so on.

These documents are self-describing,
hierarchical tree data structures which can
consist of maps, collections, and scalar
values.

The documents stored are similar to each
other but do not have to be exactly the
same.

Document databases store documents in
the value part of the key-value store; think
about document databases as key-value
stores where the value is examinable.

Document databases such as MongoDB
provide a rich query language and
constructs such as database, indexes etc
allowing for easier transition from relational
databases.

{

“customerid”: “f£fc986e48cab6”
“customer” :

{

“firstname”: “Pramod”,
“lastname”: “Sadalage”,
“company”: “ThoughtWorks”,
“likes”: [ *“Biking”,”Photography”

}

“billingaddress”:

{ H

}

state”: “AK”,
“city”: “DILLINGHAM",
4 type " e IIRII

Document
Databases

]




- Column-family datalbases store data in
column families as rows that have many e
columns associated with a row key.

+ Column families are groups of related
data that Is often accessed together.

name1:valuel
ame1:value

For a Customer, we would often
access their Profile information at the
same time, but not their Orders.

Each column family can be compared to Column Fam”y
a container of rows in an RDBMS table Stores
where the key identifies the row and the

row consists of multiple columns.

- The difference is that various rows do

not have to have the same columns, and
columns can be added to any row at
any time without having to add it to
other rows.



Graph databases allow you to store

Employee

entities and relationships between these
entities.
Entities are also known as nodes, which

have properties.

Likes

Think of a node as an instance of an
object in the application.

Author

Martin

Relations are known as edges that can
have properties.

nodes are organized by relationships
which allow you to find interesting patterns
between the nodes.

The organization of the graph lets the data
to be stored once and then interpreted in
different ways based on relationships.

Likes

Likes

Graph

Databases



MongoDB

. MongoDB is an open-source " hame: "sue”. «— field: value

document database that provides | ase: 26, <+— field: value

. , status: "A", <+— field: value

hlgh performance, hlgh groups: [ "news”, "sports” ] <«—— field:value
availability, and automatic scaling. |’

- Arecord in MongoDB is a
document, which is a data
structure composed of field and

Documents (i.e. objects)
correspond to native data types in

value pairs. Javascript

. MongoDB documents are similar + Embedded documents and arrays
to JSON objects. reduce need for expensive |oins.

- The values of fields may include - Dynamic schema supports fluent
other documents, arrays, and polymorphism.

arrays of documents.



