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Big Data V-Characteristics

Volume — scale
Variety — complexity

I

I

L VEIOCity — Speed Big Data: 4V definition
. Volume

m Veracity — uncertainty e
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m Value vG v
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m Volatility

H



" S
A Grand Challenge on Variety

m Tree data (XML, JSON)

m Graph data (RDF, property graphs,
networks)

Tabular data (CSV)
Temporal and spatial data

ext




An example of multi-model data

Marry (1) { "Order no":"0c6df508",
knows knows "Orderlines": [

{ "Product no":"2724f"
"Product Name":"Toy",
"Price":66 },

Social network graph { "Product no":"3424g",

"Product Name":"Book",
"Price":40 } ]

William (3) John (2)

}
nan " " Order JSON document
1" -->"34e5e759 Customer relation
"2"-->"0c6d£f508"
Key/value pairs 1 Mary 5,000
(Customer_ID, Order_no) 2 John 3,000

3  William 2,000
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NoSQL Database Types
Typees of NeSCL LEs §

GRAPH L

DATABASE : . NE(}[l] iTITAI\

KEY VALUE : .
I —
COLUIN  aemcic Google
DATABASE HBRSELSY  gigranie
DOCUNENT T

DATABASE ha .mongoDB

CouchDB

Photo downloaded from: http://www.vikramtakkar.com/2015/12/nosql-types-of-nosql-database-part-2.html
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An example of multi-model data

Marry (1) { "Order no":"0c6df508",
knows knows "Orderlin

{ " Prod 1] 67 " DB
wmuangﬂeMj : Prod‘m Xide
_ "Price":66 },
Social network graph { "Product no":"3424g",

"Product_Name":"Book",
"Price":40 } ]

}
nqn " " Order JSON do
1"--> 39?59359 I<: ' | er relation
ll2ll__ s b&;l)q \ 1D A hu ame | o _‘
Key/value pairs 1 Mary 5,000
(Customer_ID, Order_no) 2 John 3,000

3  William 2,000
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Polyglot Persistence

m Ildea: Use the right tool for the job

m If you have structured data with some
differences
Use a document store
m |f you have relations between entities and want
to efficiently query them
Use a graph database
m If you manage the data structure yourself and do
not need complex queries
Use a key/value store
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Pros and Cons of Polyglot
Persistence

m Handles multi-model data = Requires the company to

m Helps apps to scale well hire people to integrate
different databases

m Developers need to learn
different databases

m How to handle cross-
model queries and
transactions?

m Arich experience

Y
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Multi-model DB

m One unified database for multi-model data

XML RDF

Table

Multi-model Spatial

DB

JSON Text



Multi-model Databases

m A multi-model database is designed to
support multiple data models against a
single, integrated backend

m Example of data models: document,
graph, relational, key/value



Multi-model databases are not new!

Object2

m Can be traced to object-

relational — =
databases (ORDBMS)

m ORDBMS framework
allows users to plug Iin
their domain and/or
application specific data
models as user-defined
functions/types/indexes
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Most of DBs will become multi-
model databases in 2017

O e By 2017, all leading
e N operational DBMSs will
e O offer multiple data
o models, relational and
St NoSQL, in a single
.'. i DBMS platform.

u
Nibase @ ~. MemSQL

. VoltDB NuoDB
TmaxSof '

Clustrx @
Actian . .

. Basho Technologies
Aerospike

-- Gartner report for operational
databases 2016

Hortonworks (@) @ Orient Technologies

McObject @

e.g. MongoDB supports multi-model in
the recent release 3.4 (NOV 29, 2016)

COMPLETENESS OF VISION As of October 2015
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Pros and Cons of Multi-model
databases

m Handle multi-model m A complex system
data m Immature and

m One system developing
implements fault m Many challenges and
tolerance open problems

m Data consistency N

m Unified query o
language for multi-
model data

Y
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Two examples of multi-model
databases

@ ArangoDB tIrienTDB@
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& DB

m ArangoDB is a multi-model, open-source
database with flexible data models

Documents, graphs, key/values
m Stores all data as documents

m Vertices and edges of graphs are
documents — allows to mix all three data
models




An example of multi-model data
and query

Marry (1) . .
Graph—key/value join  "1"..>"34e5e759"
KNOWS knows

- <:'> "2"-->"0c6d£508"
William (3) John (2)

Key/value—=JSON join
Relation—graph join

{ "Order no":"0c6df508",
"Orderlines": |
1 Mary 5,000 { "Product no":"2724f"
"Product Name":"Toy",

2 John 3,000 "Price":EG },
3 William 2,000 { "Product_no":"3424g",
. "Product Name":"Book"
Recommendation query: "Price":40 } ] }

Return all product_no-s which are ordered by a
friend of a customer whose credit_limit>3000



" S
An example of multi-model data
and query

LET CustomerIDs = (
FOR Customer IN Customers
FILTER Customer.CreditLimit > 3000
RETURN Customer.id)
LET FriendIDs = (
FOR CustomerID IN CustomerIDs
FOR Friend IN 1..1 OUTBOUND CustomerID Knows
RETURN Friend.id)
FOR Friend in FriendIDs
FOR Order 1in 1..1 OUTBOUND Friend Customer20rder
RETURN Order.orderlines[*].Product no

Recommendation query:
Return all product_no-s which are ordered by a @
friend of a customer whose credit_limit>3000
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I?rienTDB“‘

m Supporting graph, document, key/value and
object models

m The relationships are managed as in graph
databases with direct connections between
records

m |t supports schema-less, schema-full and
schema-mixed modes

m Queries: SQL extended for graph traversal
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rientDB

SELECT expand( out ("Knows") .Orders.orderlines.
Product no )

FROM Customers

WHERE CreditLimit > 3000

Recommendation query:
Return all product_no-s which are ordered by a
friend of a customer whose credit_limit>3000
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Classification of Multi-model
Systems

m Basic approach: on the basis of original (or core)
data model

Popular = considered models

Relational | PostgreSQL, SQL Server, IBM DB2, Oracle DB, Oracle MySQL, Sinew

Column Cassandra, CrateDB, DynamoDB, HPE Vertica

Key/value | Riak, c-treeACE, Oracle NoSQL DB

Document | ArangoDB, Couchbase, MarkLogic, MongoDB, Cosmos DB

Graph OrientDB
Object InterSystems Caché
Special « Not yet multi-model — NuoDB, Redis, Aerospike

« Multi-use-case — SAP HANA DB, Octopus DB
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Timeline

m \When a particular system became multi-model
Original data format (model) was extended
First released directly as a multi-model DBMS

MongoDB
OraCIE DB CrateDB
(JSON) Oracle Caché
Oracle HPE Vertica NoSQL DB (XML, JSON)
Couchbase MySQL PostgreSQL Sinew SQL Server
OrientDB  ArangoDB DynamoDB  (ySON) Riak Cassandra  (JSON) Cosmos DB
| : ! ; | } | —>
2010 2011 2012 2013 2014 2015 2016 2017
SQL Server Oracle DB PostgreSQL
(XML) (XML)  C-treeACE (key/value) IBM DB2 MarkLogic
| | | | | | L
f 1 T | T 1

1
2000 2001 .. 2003 .. 2006 2007 2008 2009
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Extension towards Multiple Models

Types of strategies:

1. Adoption of a suitable for the new data
model(s)
e.g., XML-enabled databases
2. for the purpose of the new data
model(s)
e.g., ArangoDB - special edge collections bear information about edges
in a graph
3. Creating of a for the original storage strategy
e.g., MarkLogic - stores JSON data in the same way as XML data
4. in the original storage strategy

Storage and processing of data formats simpler than the original one
m Types of cross-model transitions

Inter-model references

Model embedding

Cross-model redundancy



Approach DBMS Type
New storage strategy PostgreSQL relational
SQL server relational
IBM DB2 relational
Oracle DB relational
Cassandra column
CrateDB column
DynamoDB column
Riak key/value
Cosmos DB document
Extension of the original storage strategy MySQL relational
HPE Vertica column
ArangoDB document
MongoDB document
OrientDB graph
Cacheé object
New interface for the original storage strategy | Sinew relational
c-treeACE key/value
Oracle NoSQL Database | key/value
Couchbase document
MarkLogic document
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Overview of
Supported

Data Models

Type

DBMS

Column

27

Graph

Nested data/UDT/object

Relational

PostgreSQL

<_|| Key/value

SQL Server

IEM DB2

Oracle DB

<] [ || Document (JSON)

<<y || XML

Oracle MysQL

Sinew

<

Column

Cassandra

<| ||<]e]<]<l< < || Relational

CrateDB

DynamoDb

HPE Vertica

<SS

Key/value

Riak

<

c-tree ACKE

<=

Uracle NoSQL DB

Document

ArangoDB

Couchbase

MongoDB

Cosmos DB

MarklLogic

Graph

OrientDB

i | I N N e T e A | I

Object

Cache

<

<

|




Relational Multi-model DBMSs

m Biggest set of multi-model i
databases Z =
The most popular type of . 3 E
databases $lg % ; 5 3
SQL has been extended $12 512088
towards other data formats =~ 2% == == 2 = 2
(e.g, SQL/XML) SQL Server v VAR
Simplicity and universality of Orace 0B —— 1V VARY
the relational model v v

Oracle DB CrateDB
(JSON) / Oracle Caché
........................................................ HRE Vertca | oo (XML JSON)
: ‘ Oracle DB PostgreSQL Couchbase ’ SQL Server
"IRRLY ™ L AreeACR (kéyvaliie] (/18R DE2 MaFk'L'ddl'c """"""" OFlé'n'tDB' Arango """""""" Ués's:é (JSON)

| |

I | I I
2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Relational Multi-model DBMSs '

Storage — PostgreSQL Example

CREATE TABLE customer (

id INTEGER PRIMARY KEY,
name VARCHAR (50) ,
INSERT INTO customer address VARCHAR(50),
VALUES (1, 'Mary', 'Prague', orders JSONBE
'{"Order no":"0c6df508", ) ;

"Orderlines": [
{"Product no":"2724f", "Product Name":"Toy", "Price":66},

{"Product no":"3424g", "Product Name":"Book", "Price":40}]
I I

INSERT INTO customer
VALUES (2, 'John', 'Helsinki'
'{"Order no":"Oc6df511",

"Orderlines": [
{ "Product no":"2454f", "Product Name":"Computer", "Price":34 }]

I I
name address orders
|nt r | character varying (50) | character varying (50) | jsonb

Prague {"Orderlines”:[{"Price":66," Product_Name":"Toy","Product_no":"2724f"},{"Price":40," Product_Name":

2 John Helsinki {"Orderlines”:[{"Price":34," Product_Name":"Computer”,"Product_no":"2454f"}],"Order_no":"0cedf511"}



Column Multi-model DBMSs

oy
= Two meanings: : :
(columnarr, HREAE :
column) DBMS stores data S1E|E E |23
tables as columns rather than | rpe | peus 1818 28|58
rows Colimn [ Cammenee v 7

= Not necessarily NoSQL FIFE Vercis A

(wide-column)
DBMS = a NoSQL database
which supports tables having
distinct numbers and types of
columns

= Underlying storage strategy is

arbitrary Oracle DB
(JSON)  Oracle

Caché

0SQL DB
Oracl (XML, JSON)

Sinew

SQL Server Oracle DB PostgreSQL Couchbase  MySQL PostgreSQL SQL Server
(XML) (XML)  C-treeACE (key/value) IBMDB2 MarkLogic OrientDB  ArangoDE{” DynamoDB ) (JSON) Riak (JSON)

! I i | i | I i I | i —>

2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Column Multi-model DBMSs 454

Cassandra
Storage — Cassandra Example

create keyspace myspace
WITH REPLICATION = { 'class' : 'SimpleStrategy',
'replication factor' : 3 };

CREATE TYPE myspace.orderline (
product no text,
product name text,
price float

)

CREATE TYPE myspace.myorder (
order no text,
orderlines list<frozen <orderline>>

)

value replaced
CREATE TABLE myspace.customer ( as a whole
id INT PRIMARY KEY,
name text,
address text,
orders list<frozen <myorder>>

)
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Column Multi-model DBMSs 4%¢

Cassandra
Storage — Cassandra Example
INSERT INTO myspace.customer JSON INSERT INTO myspace.customer JSON
' {"id":1, '{"id": 2,
"name" : "Mary", "name" :"John",
"address" : "Prague", "address" :"Helsinki",
"orders" : [ "orders" : |
{ "order no":"0c6df508", { "order no":"Oc6df511",

"orderlines": [ "orderlines": [

{ "product no" : "2724f", { "product no" : "2454f",
"product name" : "Toy", "product name" : "Computer",
"price" : 66 }, "price" : 34 } ] } 1
{ "product no" : "3424qg", } '

"product name" :"Book",

"price" : 40 } ] } 1]
'
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Key/Value Multi-model DBMSs

m The simplest type of :
NoSQL database HPE A
El2% 2|2 B %
Get / put / delete + key Type | DBMS 218 € 855 2
. Key/value | Riak VIV
Often extended with more QLD LY
advanced features
m Multi-model extensions:
More complex indices over
the value part + new APIs
(e.g., JSON, SQL, ..))
Oracle DB CrateDB
(JSON) Oracle Caché
Oracle HRE e Ak (XML?CJSeON)
SQL Server Oracle DB PostgreSQL Couchbase  MySQL PostgreSQL Sinew SQL Server

(XML) (XML) key/value) IBMDB2 MarkLogic OrientDB ~ ArangoDB DynamoDB  (JSON) assandra (JSON)
| | | | | | | | | | | |

1 1 1 1 1 1 | 1 1 l | | 1 —>
2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Key/Value Multi-model DBMSs

Storage — Oracle NoSQL DB Example

create table Customers (
id integer,
name string,
address string,
orders array (
record (
order no string,
orderlines array (
record (
product no string,
product name string,
price integer ) ) )
)I
primary key (id)
);

import -table Customers -file
customer. json

{

ORACLE
NOSQL
DATABASE
customer.json:
"id":1,
"name" : "Mary",
"address" : "Prague",
"orders" : |
{ "order no":"0c6df508",
"orderlines": [
{ "product no" "2724f",
"product name" "Toy",
"price" : 66 1},
{ "product no" "3424g",
"product name" :"Book",
"price" 40 } 1 } 1
"id":2,
"name" : "John",
"address'" :"Helsinki",
"orders" : |
{"order no":"Oc6df511",
"orderlines": [
{ "product no" "2454f",
"product name" "Computer",

"price" : 34 } ] } 1


https://twitter.com/oraclenosql
https://twitter.com/oraclenosql

" J ORACLE

NOSQL
DATABASE

Key/Value Multi-model DBMSs

Storage — Oracle NoSQL DB Example

sql-> select * from Customers

_> ;
+-—— - - o +
| id | name | address | orders |
+-————————- +-— - e et it T +
| 2 | John | Helsinki | order no | O0c6d£f511 |
| | | | orderlines |
| | | | product no | 2454f |
| | | | product name | Computer |
| | | | price | 34 |
+-—— - 4o - o - +
| 1 | Mary | Prague | order no | 0c6d£f508 |
| | | | orderlines |
| | | | product no | 2724f |
| | | | product name | Toy |
| | | | price | 66 |
I I I I I
| | | | product no | 3424g |
| | | | product name | Book |
| | | | price | 40 |
+-—— - 4o o - +


https://twitter.com/oraclenosql
https://twitter.com/oraclenosql

Document Multi-model DBMSs

b3
3]
. N . . ;E
m Distinct strategies: 2
: ? 3
. =
ArangoDB: special edge L3 E
- £ = 8 ©
collection S8 FE 2T
— — > Q « |7
. o || @ | & 5|9
MarkLogic: stores JSON data Type | DEMS 1328189 4
ocument | ArangoDB NARY Vi
Couchbase NaRY
aS XML MongoDB vV |V VA
Cosmos DB VIV ]V Vi
Documert MarkLogic N
{ unnamed
"name": "Oliver", o
unnamed
"scores": [88, 067, 73]
"isActive": true,
"affiliation": null Bogean Nl
isActive affiliation
}
Number Number Number Oracle DB CrateDB
scores scores scores (JSON) Oracle .
NoSQL DB Cache
Oracle HPE Vertica (XML, JSON)
SQL Server Oracle DB PostgreSQL M PostgreSQL Sinew SQL Server
(XML) (XML)  C-treeACE (key/value) IBM DB2< MarkLogic >0r|en DB (ArangoDB DyynamoDB  (JSON) Riak  Cassandra (JSON) (CosmosD
| | | | | | | | | | | | | : I}
1 1 1 1 1 | 1 | I | | | 1 |
2000 2001 .. 2003 .. 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017
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Document Multi-model DBMSs

Storage — MarkLogic Example

JavaSript:

declareUpdate() ;
xdmp .documentInsert (" /myJSON1l. json",
{
"Order no":"0c6df508",
"Orderlines": [

{ "Product no":"2724f",
"Product Name":"Toy",
"Price":66 },

{"Product no":"3424qg",

"Product Name":'"Book",
"Price":40}]

XQuery:

xdmp :document-insert (" /myXML1.xml",
<product no="3424g">
<name>The King's Speech</name>
<author>Mark Logue</author>
<author>Peter Conradi</author>
</product>

)i ) ;

® MarkLogic



Graph Multi-model DBMSs

(

~OrientDB z s

) 2 -
2 L
. . = 2 | B =
m Based on an object database = native SIEIE 8| |27
support for multiple models 35|38 g £ 3
Type DBMS B2l oM | A O | Z
Element of storage = record = document ———— s T TV TYT V7]
/ BLOB / vertex / edge

m Classes — define records :

m Classes can have relationships: (B (EE o
Referenced — stored similarly to storing T I, S st
pointers between two objects in memory s, | O AR T —

. _ "tags": "millennial” / \ | Makes |/ >
Embedded — stored within the record that ! ( . | N
embed )
Oracle DB CrateDB
(JSON) Oracle Cath
Oracle HPE Varica ook DO (XML, JSON)
Couchbase MySQL Sinew
SQL Server Oracle DB PostgreSQL PostgreSQL SQL Server
(XML) (XML)  C-treeACE (key/value) IBMDB2 MarkLogic rangoDB DynamoDB  (JSON) Riak ~ Cassandra  (JSON)
| |

| | | | | | | | | | L
1 1 1 1 1 1 | 1 | l | | 1 1
2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Graph Multi-model DBMSs

Storage — OrientDB Example

CREATE
CREATE
CREATE
CREATE

CREATE
CREATE
CREATE

CREATE
CREATE
CREATE
CREATE
CREATE

CREATE

CLASS orderline EXTENDS V

PROPERTY orderline.product no STRING
PROPERTY orderline.product name STRING
PROPERTY orderline.price FLOAT

CLASS order EXTENDS V
PROPERTY order.order_no STRING
PROPERTY order.orderlines EMBEDDEDLIST orderline

CLASS customer EXTENDS V
PROPERTY customer.id INTEGER
PROPERTY customer.name STRING
PROPERTY customer.address STRING
CLASS orders EXTENDS E

CLASS knows EXTENDS E

{
<QrientDB
y
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Graph Multi-model DBMSs  ~0renios

Storage — OrientDB Example

CREATE VERTEX order CONTENT {
"order no":"0c6df508",
"orderlines": [

{ "Qtype":"d",
"Q@class":"orderline",
"product no":"2724f",
"product name":"Toy",
"price":66 },

{ "Qtype":"d",

"Qclass" :"orderline",
"product no":"3424g",
"product name":"Book",
"price":40}]

CREATE VERTEX order CONTENT ({
"order no":"Oc6df511",
"orderlines": [

{ "Qtype":"d",
"@class":"orderline",
"product no":"2454f",
"product name":"Computer",
"price":34 }]

}

CREATE VERTEX customer CONTENT {
"id" : 1,
" name " "Mary" ,
"address" "Prague"

}
CREATE VERTEX customer CONTENT ({

"id" : 2,
"name" "John",
"address" "Helsinki"

}
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Graph Multi-model DBMSs  -oienes

Storage — OrientDB Example

CREATE EDGE orders FROM

(SELECT FROM customer WHERE name = '"Mary")
TO
(SELECT FROM order WHERE order no = "0c6df508")

CREATE EDGE orders FROM

(SELECT FROM customer WHERE name = "John")

TO

(SELECT FROM order WHERE order no = "0Oc6df511")
CREATE EDGE knows FROM .!@mmr

(SELECT FROM customer WHERE name = "Mary") e

TO

(SELECT FROM customer WHERE name = "John")
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Multi-model Query Languages

Classification of Approaches

1. Simple API

Store, retrieve, delete data

m Typically key/value, but also other use cases
DynamoDB — simple data access + querying over indices
using comparison operators

2. SQL Extensions and SQL-Like Languages

Most common

m In most types of systems (relational, column, document, ...)
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Multi-model Query Languages

Classification of Approaches

3. SPARQL Query Extensions
IBM DB2 - SPARQL 1.0 + subset of features from SPARQL 1.1
- SELECT, GROUP BY, HAVING, SUM, MAX, ...

m Probably no extension for relational data
But: RDF triples are stored in table — SQL queries can be used over them too

4. XML Query Extensions
MarkLogic —JSON can be accessed using XPath
m Tree representation like for XML
] Can be called from XQuery and JavaScript
5. Full-text Search
In general quite common

Riak — Solr index + operations
n Wildcards, proximity search, range search, Boolean operators, grouping, ...



| Type | DBMS SQL extension
Relational | PostgreSQL (retting an array element by index, an object field by key, an ob-
ject at a specified path, containment of values/paths, top-level key-
existence, deleting a key-value pair / a string element / an array
element with specified index / a field / an element with specified
path, ...
SQL Server JSON: export relational data in the JSON format, test JSON for-
mat of a text value, JavaSecript-like path queries
SQLXML: SQL view of XML data + XML view of SQL relations
IBEM DE2 SYL/XML + embedding SQL queries to AQuery expressions
Oracle DB SQL/XML + JSON extensions (JSON_VALUE, JSON_QUERY,
JSON_EXISTS, ...)
Document | Couchbase Clauses SELECT, FROM (multiple buckets), ... for JSON
Cosmos DB Clauses SELECT, FROM (with inner join), WHERE and ORDER BY for
JSON
ArangoDB key/value: insert, look-up, update
document: simple QBE, complex joins, functions, ...
graph: traversals, shortest path searches
Key/value | Oracle NoSQL DB | SQL-like, extended for nested data structures
c-treeACE simple SQL-like language
Column Cassandra SELECT, FROM, WHERE, ORDER EY, LIMIT with limitations
CrateDB Standard ANSI SQL 92 + nested JSON attributes
Graph OrientDB Classical joins not supported, the links are simply navigated using
dot notation; main SQL clauses + nested queries
| Object | Cache | SQL + object extensions (e.g. object references instead of joins)
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PostgreSCL
SQL Extensions and SQL-Like Languages
PostgreSQL Example (relational)
name address nrders
-
Prague {"Orderlines":[{"Price":66," Product_Name":"Toy","Product_no":"2724f"},{"Price":40," Product_Name":
2 John Helsinki {"Orderlines":[{"Price":34,"Product_Name":"Computer”,"Product_no":"2454f"}],"Order_no":"0c6df511"}
{"Order no":"Oc6df508", SELECT name,
"Orderlines": [ orders->>'0Order no' as Order no,
{ "Product no":"2724f", orders#>' {Orderlines,1}'->>'Product Name' as
"Product_Name":"Toy", Product Name
"Price":66 1}, FROM customer

{"Product no":"3424g", where orders->>'Order no' <> 'Oc6df511';

"Product Name":"Book",
name order_no product_name
character varying (50) text text

"Price" :40}]
0c6df508 Book




SQL Extensions and SQL-Like Languages

Oracle NoSQL DB Example (key/value)

sql->
->
+—-=—-
| id
+—-=—-
| 2
I
I
I
I
+____
| 1
I
I
I
I
I
I
I
I
+—-==-

*

from Customers

_____________________________ +
orders |
_____________________________ +
order no | Oc6df511 |
orderlines |
product no | 2454f |
product name | Computer |
price | 34 |
_____________________________ +
order no | 0c6d£f508 |
orderlines |
product no | 2724f |
product name | Toy |
price | 66 |

I

product no | 3424g |
product name | Book |
price | 40 |

ORACLE

NOSQL
DATABASE


https://twitter.com/oraclenosql
https://twitter.com/oraclenosql

" J ORACLE

NOSQL
DATABASE

SQL Extensions and SQL-Like Languages
Oracle NoSQL DB Example (key/value)

sql-> SELECT c.name, c.orders.order no, c.orders.orderlines[0].product name
-> FROM customers c
-> where c.orders.orderlines|[0] .price > 50;

$-————- domm Fom e +
| name | order no | product name |
+-————- fomm et +
| Mary | 0c6df508 | Toy |
+-————- - e e e LT +

sql-> SELECT c.name, c.orders.order no,
-> [c.orders.orderlines[$element.price >35]]
-> FROM customers c;

+-————- $-—— - et +
| name | order no | Column 3 |
+-————- $-—— - et +
| Mary | 0c6df508 | product_no | 2724f |
| | | product name | Toy |
| | | price | 66 |
I I I I
| | | product _no | 3424g |
| | | product _name | Book |
| | | price | 40 |
+-————- d-—— - et +
| John | Oc6df511 | |
+-————- d-—— - et +


https://twitter.com/oraclenosql
https://twitter.com/oraclenosql
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XML Query Extensions

MarkLogic Example

"MarkLogiC“

XQuery:
avasript: xdmp :document-insert ("/myXML1.xml",
declareUpdate () ; <product no="3424g">

<name>The King's Speech</name>
<author>Mark Logue</author>
i <author>Peter Conradi</author>

xdmp .documentInsert (" /myJSON1. json"

"Order no":"0c6df508", <{product>
"Orderlines": [ )i
{ "Product no":"2724f",
"Product Name":"Toy",
"Price":66 },
{"Product no":"3424qg",
"Product Name":"Book",
Price" :40}] XQuery:
let Sproduct := fn:doc("/myXML1l.xml") /product

’ let Sorder := fn:doc("/myJSON1. json")
[Orderlines/Product no = Sproduct/@no]
return $order/Order no

Result: 0c6d£f508



Multi-model Query Processing

m Depends highly on the way the system was extended

No change

New interface
= e.g. MarkLogic

changes in the

Extension of the original storage strategy g;fggssing
= e.g. ArangoDB approaches
A completely new storage strategy \/

m e.g. Oracle native support for XML
m General tendencies:

Exploit the existing storage strategies as much as possible

Exploit the verified approaches to query optimization



Query Optimization Strategies

m B-tree/B+-tree index - the most
common approach

Typically in relational databases
m  Native XML index - support of XML
data

Typically an ORDPATH-based
approach

m Hashing - can be used almost
universally

m But: still no universally acknowledged
optimal or sub-optimal approach

Approaches are closely related to the
way the system was extended

| Optimization DBMS Tyvpe
Inverted index PostgreSQL relational
Cosmos DB document
B-tree, B+-tree SQL server relational
Oracle DB relational
Oracle MySQL relational
Cassandra column
Oracle NoSQL DB | key/value
Couchbase document
MongoDB document
| Materialization HPE Vertica column
Hashing DynamoDB column
ArangoDB document
MongoDB document
Cosmos DB document
OrientDB graph
Bitmap index Oracle DB relational
Caché object
| Function-based index | Oracle DB relational
Native XML index Oracle DB relational
SQL server relational
DB2 relational
MarkLogic document
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Multi-model Databases

Challenges
Open data Multi-model
model — — index structure
Unified query ¢ 2 =) Multi-model
language ‘ 4 transactions
— = _—y .
Schema e Multi-model
evolution and Multi-model main memory

model evolution databases structure
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