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Learning objectives

= The student must be able to:

> ldentify the situations where using NoSQL DB is a solution.

> Know the main features of the different data models of the
NoSQL DB
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AGGREGATION ORIENTED  yc3m
MODELS
Example: Order Management

.general/fecha/clienteID/pagoID/value=“CreditCara",lS/D6/20l8/ZUOO/BO/direcciones_ped
s//120/28028/Espafia/lineas_pedidos//ProductcNombre/NumUnids/Precio//Dolce&Gabbana/l1/6
f.general/fecha/clienteID/pagoID/10/06/2018value="CreditCard"/1790/68/direcciones ped|
Benn/75020/Francia/lineas_pedides//PreductoNombre/NumUnids/Precic//HugecUrban/1/5%9/val
00,/“fecha”:"15/06/2018, /*clienteId”:50.000, /"“pageld”:10,/“1linea pedidec”:[/{/“product
“Moa”,/“numUnidades”:1,/“precio”:19,99}/“direccién_pedido”:[f{/“calle":nlcala,l40,/“c
nf.general/fecha/clientelD/pagolD/value="CreditCard",15/06/2018/2000/80/direccicnes p
ais//120/28028/Espana/lineas_pedidos//ProductoNombre/NumUnids/Precic//Dolce&CGabbana/l
Inf.general/fecha/clienteID/pageID/10/06/2018value="CreditCard"/1790/68/direcciones_p
s/Bonn/75020/Francia/lineas pedidos//ProductoNcmbre/NumlUnids/Precio//HugoUrban/1/59/v
:500, /" fecha”:"15/06/2018, /Mclienteld”:50.000, /"pagoId”:10,/"linea pedido”: [/{/“predu
":“Moa”, /*numUnidades”:1, /“precio”:19,99}/"“direccién pedide”:[/{/“calle”:Alcala, 140,/
/1Inf.general/fecha/clientelD/pagolD/value="CreditCard",15/06/2018/2000/80/direcciones
/Pais//120/28028/Espafia/lineas pedidos//ProductoNombre/NumUnids/Precio//Dolce&Gabbana
0/Inf.general/fecha/clientelID/pagolID/10/06/2018value="CreditCard"1790/68/direcciones |
is/Bonn/75020/Francia/lineas pedides//ProductoNombre/NumUnids/Precic//HugeUrban/1/59/
|#:500, /“fecha”:“15/06/2018, /"clienteld”:50.000, /“pageld”:10,/"1linea pedidec”:[/{/“prod
e”:“Moa”, /*numUnidades”:1, /"precio”:19,99}/“direccién_pedido”:[/{/“calle”:Alcala, 140,
}/Inf.general/fecha/clientelD/pagolD/value="CreditCard",15/06/2018/2000/80/direccione
1/Pais//120/28B028/Espafia/lineas_pedidos//ProductoNombre/NumUnids/Precio//Dolce&Gabban
00/Inf.general/fecha/clientelD/pageolD/10/06/2018value="CreditCard"/1750/68/direccione
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AGGREGATION ORIENTED
MODELS

Aggregation Oriented Models

Key-value Column- Document-
oriented oriented
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AGGREGATION ORIENTED  ye3m
MODELS
Aggregate

= Set of real-world objects that are interrelated and that
are treated as an indivisible data unit for access and
manipulation purposes

° It is the minimum unit of exchange between application
programs

° It is the minimum unit for the purpose of concurrency
control and integrity of the DB

> Any changes made to the aggregate will be finalized on the
DB.

> Each aggregate is identified by a key
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AGGREGATION ORIENTED  ye3m
MODELS
Aggregate

= The design of aggregates must be guided by the
functionalities

= It helps reduce access in queries
* |t is a solution when:

> The functionality set a priori does not usually have
future changes

> There are no complex interrelations

> Data is subject to little change (insertion [ query but no
update)
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MODELS

Example: Order Management

if we want to retrieve the information of the order to

manage the shipment => we will have to join the relationships
Order, OrderLine, Product and Address.

I" Client (ClientID, ClientName) <

CIientAddress(CIientIIg, AddressID) 2
|—> Address(AddressID, Street, PostalCode, Country)
— Product(ProductID, ProductName, Price)
EPayment (PaymentID, PaymentMethod, CreditCardNum, AddressSend)

] l |
r Order (OrderlD, Date, PaymentID, CIilentID, ClientAddressID)

|
OrderlLine (OrderLinelD, OrderID, PIroductID, NumberUnits, TotalPrice)
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AGGREGATION ORIENTED ucdm
MODELS
Example: Order Management

= if we want to retrieve the information of the order to
manage the shipment => we will have to join the
relationships Order, OrderLine, Product and Address.

= This can be done with a relational database if it is a
centralized database, with little data, however, if we have
a large volume of data and the database is distributed,
doing this join can be very complex.

—A good option is to take the data that interests us, save
it in aggregate with all the information that interests the
client in a single object (aggregate), so when we want to
retrieve the data, we will recover that aggregate and
respond to the request.
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AGGREGATION ORIENTED

ucdm
Example: Order Management
- Retrieve the Order
information of the Orderld = Order 1
order to manage bofte = DEiisl.
) . REF clientld = clientl
the shipping REF Paymentid = Order_Lines
= Store the data 4

together about

Order, OrderLine,

Product, and Order_Line
Address. \_ '
Payment_Address
[ |
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AGGREGATION ORIENTED ucdm
MODELS
Key-value data model

* The key-value model is the simplest
model

= Less semantic expressiveness

= Each element is uniquely identified by a
key

> (Id, Aggregate) == (Key, Value)

nio Pérez natural de Villa del Mar,
EUU y ha sido padre recientemente.
L
u I I l k I I tI l e d | I I a I l I D N l N Manuel Rodriguez es fontanero de Olmedo y
’ ’ no esta casado pero le encantaria encontrar
pareja.
L “ee
e-mal or not
’ LN

= Atomicity at the key level
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AGGREGATION ORIENTED ucdm
MODELS
Key-value data model

*The DB does not know the structure of the aggregate
(black box)

> The aggregate as an opaque object

o If there is a structure for the object, it will be known only by
the application programs that access the DB

Key Value (Opaque)

ser:2:friends ]——[ (23, 76, 233, 11} }
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AGGREGATION ORIENTED ucdm
MODELS
Key-value data model

= High performance of read [ write

= Alot of speed in the consultations
= Easy to climb

= Easy to implement
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AGGREGATION ORIENTED uedm
MODELS [ Key-value data
model

Example: Order Management

» Ke

—
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AGGREGATION ORIENTED ucdm
MODELS
Key-value data model

* It is the application that gives structure to the “Value”
and interprets it (for example, with an XML)
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Key-value data model Friak

Relational Model

Database Database

Table, view Bucket

Row Object =<key, vaue>

Column has no direct
equivalent

Primary key Key

Foreign Key Link
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Key-value data model

L Customer
’-

l PaymentCustomer

aymentinfo|  paymentCustl

—
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Key-value data model

= DBMS extend key-value models

> They extend the semantics of aggregates and incorporate
relationships between aggregates

aaaaaa
wwwwwwwww

ORACLE
BERKELEY DB
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AGGREGATION ORIENTED uedm
MODELS
Document-oriented data model

= Extension of the key-value model

= The aggregates have an internal "document" structure that is
stored in JSON format, XML among others ..

= The DB knows how to interpret the internal structure
= The aggregate can be accessed:
° through the key

> to content through document attributes
= Documents can be added in collections

= You can retrieve, modify part of a document, and create
indexes on attributes

= Atomicity at the document level
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AGGREGATION ORIENTED uedm
MODELS / Document-oriented
data model

Example: Order Management

{“orderid”: 500, » ke

“date”: “15/06/2018, y )

reference

”ClientId" : 50.000, S
“ paymentId”: 10, —
“order_line”: [ S

{

“productId”:25,
“productName”: “Moa”,

“pumUnits”: 1, Document
“ price”: 19,99 Embedded

} Documents

] T
“order_address”: |

{
“street”: Alcala, 140,

“postalCode”: 28028,

} \ o o
1

} atribute
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AGGREGATION ORIENTED uedm
MODELS / Document-oriented

data model
Database Database
Table, view Collection
Row Document
Column Column
Primary key _id
Foreign Key Reference
Tables join Embedded document
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MODELS / Document-oriented
data model

Customer
customerld= customerl
7 customerName= namel
- Addresses
o
- =
-
- - Address
. Order
orderld= orderl e - Address
date= datel -
-
ref customerld= customerl ** —
ref paymentld= paymentCustomerl
il il "'"*.,._ Orderlines
- P ~ - -
Orderline Product ™ = |
b Payment
it N
paymentld= paymentCustomerl
. tMethod= VISA
OrderL Product paymen
raerine ~ | creditCardNumber=12345678
ref orderld= orderl o~
ShippingAddress billingAddress
Address
Address /
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Document-oriented data model

I >
‘ mongoDBb ‘:

] CouchDB
® MarkLogic
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AGGREGATION ORIENTED uedm
MODELS
Column-oriented data model

= The data is shown as a two-dimensional matrix

> Rows: Data aggregations accessed by the key

> Columns: Attributes of the aggregations represented by the
triplet: <name, value, timestamp>

= Atomicity at the row-level

= Columns can be grouped into families (a family represents a
concept of aggregation)

= Example: An aggregate ""Teacher Row  Columnieysfgolumn names)

with two families co‘Ia/ co{ >3|c\caud
> Personal Information :‘Z‘:" ] vl "l., ‘f "{,
> academic information =N\

Column values (or cells)
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AGGREGATION ORIENTED
MODELS

Column-oriented data model

= They are suitable for applications with distributed files

ucom

= They are less scalable than DB key-values

= Slower in writing
= Reading speed
= They are more efficient when:

° Inserting multiple records at the same time (column blocks
are updated)

> Access only to some columns
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AGGREGATION ORIENTED ucdm
MODELS / Column-oriented
data mOdel Example: Order Management

Retrieve the general information of all orders (the values of the column family for all rows)

OrderiD ’_____\

(L @i Orders_Address
street ¢

date clientiD paymentD ity postalCode Count productl productN numUnids price

10.097] 15/06/2018 2000 80 I il b ame
Alcala 120 28028 Espan 19 Dolce & 1 68,50
I I a Gabbana
45 Loewe 2 74,00
I Aire
’ | | | | | | | | | | | | || | | | | | | | | | | \

| Generalinf. [ Orders_Address Orders_lines
date clientiD paymentD street  postalCod country productl productN numuUnids price

____N

e D ame
10.200 10/06/2018 1790 68 |
Bonn 75020 Francia 8 Hugo 1 59
Urban I

! /

7

DAY AR TS SOl IS KO8N NDJANFAY  Retrieve order information number 10.200 !
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MODELS
Column-oriented data model

cassandra

Amazon SimpleDB

|H-|I=EHHCSHEE A Tl HYPERTABLE
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GRAPH ORIENTED DATA ucdm
MODEL

* The graph model uses graph structures to represent and
store the data

= The graphs have two basic elements:
> Nodes: represent real-world concepts and objects

> Edges: explicitly represent the relationships between nodes

= Types: Directed, not directed

\ 1 — 2 'Nopo

o LIS

@ ° ° G _.'-/r -\--.__ - 4
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GRAPH ORIENTED DATA ucdm
MODEL

= Highly related data: Useful model when the importance
of data is its interrelationships (there are few objects and
many relationships)

= Useful when information can be represented as a
network:

> Networks (RRSS, logistics, maps, ...)

> Semantic applications
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GRAPH ORIENTED DATA ucdm
MODEL

* Tagged graphs: Semantics are

provided by assigning labels to
nodes and edges

FRIEND_OF FRIEND_

COLLEAGUE _OF User
5 FRIEND_OF
%I name: Bob name Chad
& FRIEND_OF
e
0‘?
0522
FRIEND_OF ® 9 FRIEND_OF 0
Q%‘“\

Use
name: Dave

< FRIEND_ OF
& < MARRIED_ TO FRIEND_OF
8 ) MARRIED 10
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GRAPH ORIENTED DATA ucdm
MODEL

* Property Graphs Tagged

Sometimes tags may be
insufficient => assign e
properties to nodes and
edges (name: value)
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GRAPH ORIENTED DATA ucdm
MODEL

= Explicit relations: Improvement in response time in
queries (navigation between relationships)

= They are not easily scalable
* The scheme is implicit in the structure of the graph
= They provide high-level [anguages
* Model constrains:
> Edges without origin or destination nodes are not allowed

> Nodes can only be removed when they are orphans
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GRAPH ORIENTED DATA ucdm
MODEL

Example: Order Management

productID: 21
productName: Loewe Aire
numuUnids:

clientID: 1.090
name:

OrderLine

client!D: 500
paymentMethod:

VI
Payment inf Pa

»

orderline

orderlID: 500
date: 01/06/20%

address

Or,

Lo/

Q- ado’,_
@ss

OrderAddress —

street: “Alcala,
city: Madrid
postalCode: 28028
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GRAPH ORIENTED DATA ucdm
MODEL

@ neoy] X 2
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