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Outline

Alntroduction to multimodel database§25 minutes )
AMulti-model data storagg(25 minutes)
AMulti-model data query languages (15 minutes)
AMulti-model query optimization(5 minutes)
AMulti-model database benchmarking minutes)
AOpen problems and challenge.0 minutes)




Outline

Alntroduction to multimodel databases



A grand challenge oviariety

ABig data: Volume, Variety, Velocity, Veracity

AVariety. tree data (XML, JSON), graph data (RDF, property graphs,
networks), tabular data (CSV), temporal and spatial datd,etc.

Big Data: 4V definition

Volume Velocity
JAN
Variety Veracity

Photo downloadedfrom: https://blog.infodiagram.com/2014/04/visualizidgig-data-conceptsstrong.html



Motivation: one application tomclude
multi-model data

Sales-History Recommendations Customer
DocumentStore GraphStore DocumentStore
SOC'?' Customer
Sales media
Shoppingcart Catalog
KeyValueStore DocumentStore
Shopping-Cart Product-Catalog
7

An E-commence example with multi- model data



NoSQL database types
Types of NeSCL DEs §

GRAPH ) , =
DATABASE | - NE04] iTITAIx

KEY VALUE ‘  ORACLE
DATABASE namoDB :ﬁf; BERKELEY DB
COLUMN Google

DATABASE BigTable

DOCUMENT e

DATABASE h: .mongDDB

CouchDB

Photo downloaded from: ttp://www.vikramtakkar.com/2015/12/nosagtypesof-nosqgtdatabasepart-2.html



Multiple NoSQL databases

Sales-History Recommendations
DocumentStore GraphStore
MongoDB Neo4;j
Sales Social
media
Redis
Shoppingcart

KeyValueStore
Shopping-Cart

Customer

DocumentStore

MongoDB
Customer

MongoDB

Catalog

DocumentStore
Product-Catalog



Polyglot Persistence

AahyS airl S Oseyiuitiplél datfibhdeor bne apdlivation

A If you have structured data with some differences
A Use a document store

ALT @2dz KIS NBflFUA2Yya 0SU6SSY Sy
them
A Use a graph database

A If you manage the data structure yourself and do not need complex
gueries
A Use a keyalue store



Pros and Cons of Polyglot Persistence

O

AHandle multimodel data

AHelp your apps to scale
well

AA richexperience to
manage multiple
databases

ARequires the company to hire
people to integrate different
databases

Almplementers need to learn
different databases

AHard tohandleinter-model
gueriesandtransactions




Multi-model DB

AOne unified database for multhodel data
XML RDF

Tabular

Spatial

Multi-model DB

JSON Text



Multi-model databases

A A multtrmodel database is designed to support multiple data models
against asingle integrated backend

A Document graph relational andkey-valuemodels are examples of
data models that may be supported by a mutiodel database.

11



What Is the difference between Mulnodel
and Multtrmodal

AMulti-model graph, tree, relation, ke@ I £ dzS = X

AMulti-modat video, image, audio, eye gaze data, physiological
aAdyltazX



Threearguments on one DB engine for
multiple applications

Al. One size cannot fit all
A2. One size can fit all

A3. One size fits a bunch



One size cannot fit all

a{v[ I yI {inteilddciSiénSupdd®, larfd data warehouses
cannotbe supported in onelatabase engin® €

M. Stonebrakeand U.Cetintemetb ¢ hyS { A1 S CAG& !
Time Has Come and Gone (Abstract). In ICDE, 2005.



One size can fit all

AOctopusDB suggests a unified, one size fits all data processing
architecture foOLTP, OLAP, streaming syste@andscanoriented
database systems.

AJens Dittrich, Alekh Jindal: Towards a One Size Fits All Database
Architecture. CIDR 2011: 19598



One size can fit all ¥ 225

AAIl data is collected in @entral log i.e., all insert and update
operations create logical legntries in that log.

ABased on that log, define several types of optional storage views

A The query optimization, view maintenancndindexselection
problemssuddenly become a single problertorage view selection



One size can fit a buncAsterixDB1]

AsterixDB System Overview
A parallel semsstructured data

.............

Data loads and feeds AQL queries

and iy | | ey | management systemwith its own storage,

oCR: OV ’ indexing, rurtime, language, and query
s "e‘w°"‘ optimizer, supporting JSON, CSV data

T Asterix Client Interface ] [’ Asterix Client Intorfaco

o ] [0 r.:::;::] Support SQL++ [2] and AQisterixDB

[ Hyracks Dataflow Engine ] ...... [ Hyracks Dataflow Engine] query Ianguage)

[ Dataset / Feed Storage Dataset / Feed Storage ]

[ LSM Tree Manager { LSM Tree Manager

& T TILE

[1] AsterixDB: A Scalable, Open Source BDMS. PVLDB 7(14): 1905-1916 (2014)
[2] The SQL++ Query Language: Configurable, Unifying and Semi-structured ArXiv:1405.3631



http://dblp.uni-trier.de/db/journals/pvldb/pvldb7.html#AlsubaieeAABBBCCCFGGHKLLOOPTVWW14

One size can fit a bunch: AsterixDB
Al 3 (i S Ndata Brod€l &lexible

AOpen you can store objects there that have those fiedds
well as any/all other fields that your data instances happen
to have at insertion time.

AClosed you can choose to prdefine any or all of the fields
and types that objects to be stored in it will have




A simple survey

How many of you agree that
1. One size cannot fall ?
2. One size can fdll ?

3. One size fits hunch ?

4. ?7?7?




Multi-model databases:
Onesizefits multi-data-model

A

MariaDB
@ . mongo
ORACLE
@ ArangoDB A
= QrientDB
B APACHE e y
. D R I I_l FDUN—JE'FIBNDB
’ mersystons '-MarkLogic" !

Asterixec> ﬁtCACHE



Multi-model databassare not new !

ACan be traced tobject-relational
databasegh w5 . a { U

AORDBMS framework allows users to plug
In their domain and/or application
specific data models as user defined
functions/types/indexes




ABILITY TO EXECUTE

Most of DBs will become mumodel
databases in 2017

e A By 2017all leading operational
DBMSawill offer multiple data
models, relational and NoSQL, In
a single DBMS platform.

O |06, 8N --- Gartner report for operational
databases 2016

s ° - Von:sh Technol -
ccccc 0o, .° MongoDB supports mui
oooooooo ks @ @ Orient Technologies .
model in the recent release
e | 3.4 NOV 29, 201p




Pros and Cons afiulti-modeldatabases

AT
£ AN\
[ I | \
f' -é’ 6' |
\ N ¢
‘.\K ;’7
\\k > /

AHandlemulti-model data AA complex system
AOne system implements fault| [Almmature and developing

tolerance AMany challenges and open
AOne systenguarantees inter problems
model dataconsistency

AUnified query language for
multi-model data




Two examples of multi - model databases:

@ ArangoDB iII’I entDB




& DB

AArangoDBs a multimodel, opensource database with flexible data
models fordocuments graphs andkeyvalues

AThey store all data as documents.

ASince vertices and edges of graphs are documents, this allows to mix
all three data modelg¢keyvalue, JSON and graph)



An example of muldmodel data and query

{"Order_no":"0c6df508",

knows knows fiOrderlines " [
{ "Product _no":"2724f0
AProduct Name" : nAToy
"Price".66 },
{ "Product _no": n3424g9go0,
Social network graph ' Product _Name":nBook",
"Price":40 } ]
"1" -->"34e5e759" }
"2"-->"0c6df508" Order JSON document Customer relation
Customer_IDA Order_no 1 Mary 5,000

2 John 3,000
3 William 2,000



An example of mulimodel data and query

Tabular-graph joi
‘>

KNOWS o "1" -->"34e5e759"
knows Graph-key/value join " >"0c6df508"

/ 2
Q Q l Key/value-JSON join

{"Order_no":"0c6df508",

Customer ID | Name | Credit limit nOrderlines " [
_ID |Name | Credit_
- mll (1]

{ " Produ - "2724fF 0
—_ 1 Mary 5,000 AProduct N e": NToy
2 John 3,000 "Price".66 },
3 Anne 2.000 { "Produc:ﬁ3424gc‘),
"Product Name" : iBook"

Recommendation query: "Price™:40 } ]
Return allproduct_nowhich are ordered by a friend J

of a customer whoseredit_|limit>3000



An example of mulkmodel query ArangoDIB

Description: Returnall products which are ordered by a friend of
a customer whoseredit_Iimit>3000

Let CustomerlDs =(FOR Customer IN Customers FILTER
Customer.CreditLimit > 3000 RETURN Customer.id)

Let FriendIDs =(FOR CustomerlD in CustomerlIDs FOR Friend IN
1..1 OUTBOUNDBCustomeriD Knows return Friend.id)

For Friend in FriendIDs
For Order in 1..1 OUTBOUND Friend Customer20rder
Return Order.orderlines [*]. Product_no

Result [' 2724f ", "3424q"]



rentDB

A Supportinggraph document key/valueand objectmodels.

AThe relationships are managed as in graph databases with direct connections
between records.

Alt supportsschemaless schemafull and schemahybrid modes.

AQuery withSQLextended for graph traversal.



rentDB

Description: Returnall products which are ordered by a friend of
a customer whoseredit_limit=3000

Select expand(out("Knows"). Orders.orderlines.Product_no
from Customers where Credit_limit > 3000

Result [ 2724f ", "3424g"]



Outline

AMulti-model data storage



Classification and Timeline

Relational PostgreSQL, SQL Server, IBM DB2, Oracle DB, Oracle MySQL, Sinew
Column Cassandra, CrateDB, DynamoDB, HPE Vertica

Key/value Riak, éreeACE, Oracle NoSQL DB

Document ArangoDB, Couchbase, MarkLogic

Graph OrientDB
Object InterSystems Caéh
Special w Not yet multimodel¢ NuoDB, Redis, Aerospike

w Multi-usecasec SAP HANA DB, Octopus DB

Oracle DB CrateDB
(JSON) Oracle Caché
Oracle HPE Vertica 0oL DB (XML, JSON)
SQL Server Oracle DB PostgreSQL Couchbase  MySQL PostgreSQL Sinew SQL Server
(XML) (XML)  C-treeACE (key/value) IBM DB2 MarkLogic OrientDB ~ ArangoDB DynamoDB  (JSON) Riak Cassandra  (JSON)
I | | | | | | | | | | | | |
>

| I I I | [ | | [ I | | I |
2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



Classification and Timeline

(Eational PostgreSQL, SQL Server, IBM DB2, Oracle DB, Oracle MySQL, Sinew
Column CassandraCrateDBDynamoDB, HPE Vertica

Key/value Riak ctreeACEOracle NoSQL DB

Document ArangoDBCouchbasgViarkLogic

Graph OrientDB
Object InterSystem€aclé
Special w Notyet multi-model¢ NuoDBRedis Aerospike

w Multi-use-casec SAP HANA DB¢ctopusDB

........................................ Oracle DB CrateDE
................................ (JSON) Oracle o
................................ NoSQL DB ache

............................................................... Qracle. HPE Vertica (XML,_JSON)
SQL Serve Oracle DB Couchbase\ MySQL SQL Server
(XML) CIXNILS ™ e REER (Keyivalus) (BN DE2™ Y ‘MarkLogic ™ ™" OrientDB™""Arang “Riak """ Cassandra\_ (JSON)
— N |

| | | | | |
I [ | | I | I

I
2000 2001 .. 2003 .. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016




RelationaMulti-Model DBMSs

Storage

A Biggest set:
1. Most popular type of DBMSs
2. Extended to other models long before Big Data arrival
3. Relational model enables simple extension

A PostgreSQL
A Many NoSQL features: materialized views (data duplicities), master/slave replicatio

A Data typesXML HSTORHEkey/value pairs)]SON/ JISONB(JSON) PostgreSQL
A SQL Server o

A Data typesXML NVARCHARISON) &

A SQLXML (not SQWIL) SQL Server

A FunctionOPENJSONJISON text relational table
A Pre-defined schema and mapping rules / without a schema (a set of key/value pairs)



RelationaMulti-Model DBMSs

Storage

AIBM DB2

APureXMIc native XML storage (or shredding into tables)

ADB2RDF; RDF graphs

A Direct primaryc triples + associated graph, indexed by subject
A Reverse primarg triples + associated graph, indexed by object
A Direct secondary triples that share the subject and predicate within an RDF graph
A Reverse secondagpriples that share the object and predicate within an RDF graph
A Datatypes; mapping of internal integer values for SPARQL data types

AOracle DB

A(Data ty)pesXI\/ILType (or shredded into tablesYARCHARBLOB/ CLOB
JSON

Ais_json check constraint ORACLE'
DATABASE



https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjj2oDf2ZDSAhUG2BoKHZWgCPgQjRwIBw&url=https://xebialabs.com/plugins/oracle-db/&bvm=bv.147134024,bs.2,d.d2s&psig=AFQjCNGF8uVVFnj4zGlmCTkb4NpSU1AS7Q&ust=1487199924464437
https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjj2oDf2ZDSAhUG2BoKHZWgCPgQjRwIBw&url=https://xebialabs.com/plugins/oracle-db/&bvm=bv.147134024,bs.2,d.d2s&psig=AFQjCNGF8uVVFnj4zGlmCTkb4NpSU1AS7Q&ust=1487199924464437

RelationaMulti-Model DBMSs

Storage .
My m
AOracle MySQL ORACLE

AMemcached API (201 XKey/value data access
A Default: key/value pairs are stored in rows of the same table
A Key prefix can be defined to specify the table to be stored

A Stength:combinationwith relational data access

AMySQL cluster (2014): sharding and replication

ASinew
Aldea: a new layer above a relational DBMS that enables SQL queries over mull
structured data without having to define a schema
A Relational, keyalue, nested document etc.
ALogical view = a universal relation
A One column for each unique key in the data set
A Nested data is flattened into separate columns


https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjWp-L12ZDSAhVBExoKHdmdAB0QjRwIBw&url=https://www.sitepoint.com/oracle-mysql-commitment/&bvm=bv.147134024,bs.2,d.d2s&psig=AFQjCNEVbUOr3Lm-O3NYLBtRoofEtY8slw&ust=1487200010567772
https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjWp-L12ZDSAhVBExoKHdmdAB0QjRwIBw&url=https://www.sitepoint.com/oracle-mysql-commitment/&bvm=bv.147134024,bs.2,d.d2s&psig=AFQjCNEVbUOr3Lm-O3NYLBtRoofEtY8slw&ust=1487200010567772

RelationaMulti-Model DBMSs

Storageg PostgréQL Example PostgreSQL

INSERT INTO customer
CREATE TYALUESH®L,Mary'[ 'Prague’,

id INTEGER'TORrtMARY"KEo6df508",
name VoreEtiAeH9),
address  VARfIdAR(P0);:"2724f", "Product_ Name":"Toy", "Price":66 },
ord{e@odudSﬁINBS424g "Product_Name":"Book", "Price":40}]
I} )i

INSERT INTO customer
VALUES (2, 'John', 'Helsinki',
" {"Order_no":"0c6df511",

"Orderlines":|
{ "Product_no":"2454f", "Product_Name":"Computer", "Price":34 }]
name address orders
|nt character varying (50) | character varying (50) | jsonb
Prague {"Orderlines”:[{"Price”:66,"Product_MName":"Toy","Product_no":"2724f" },{"Price”:40,"Product_Mame":

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



RelationaMulti-Model DBMSs

Storageg PostgréQL Example

Postgre SOL

SELECT json_build_object ('id',id,'name',name,'orders',orders) FROM customer,

json__build_object
json

{"orders":{"Orderlines”:[{"Price”:86,"Product_Name":"Toy","Product_no":"2724f" },{"Price” :40,"Product_Name":"Book”,"Product_no":"3..
{"orders”:{"Orderlines”:[{"Price”":34,"Product_Name":"Computer”,"Product_no":"2454f"}],"Order_no":"0c6df511"},"id":2,"name":"John"}

SELECT jsonb_each (orders) FROM (g
record

(Order_no,”""0cedfsS08""")
(Orderlines,”[{""Price™: 66, ""Product_no"": ""2724f"", ""Product_MName"": ""To__.
(Order_no,”""0cadf511"°"")
(

Orderlines,”[{""Price"": 34, ""Product_no"": ""2454f"", ""Product_MName"": ""Co...

SELECT jsonb_object_keys (orders) FROM customi‘
text

Order_no
Orderlines
Order_no

Orderlines



RelationaMulti-Model DBMSs

Formats Storage strategy Query Indices Scale| Flexible | Comb. | Cloud
languages out |schema | data
PostgreSQL | relational, relational tables text | SQL ext. inverted N Y Y N
key/value, JSON, | or binary format +
XML indices
SQL Server | relational, XML, | text, relational tables | SQL ext. B-tree, fulk Y Y Y N
JSON, ... text
IBM DB2 relational, XML, | native XML type / Extended XML paths /| Y Y Y N
RDF relations for RDF SQL / XML / | B+ tree,
SPARQL fulltext
1.0/1.1
Oracle DB relational, XML, | relational, native XML | SQL/XML, | bitmap, B+ Y N Y Y
JSON JSON SQL | tree,
ext. function-
based,
XMLIndex
Oracle MySQL] relational, relational SQL, B-tree Y N Y Y
key/value memcached
API
Sinew relational, logically a universal | SQL - - Y Y N

key/value, nested

document, ...

relation, physically
partially materialized




Classification and Timeline

Relational PostgreSQL, SQL Server, IBM DB2, Oracle DB, Oracle MySQL, Sinew
C =(32Iumn4> CassandreCrateDBDynamoDB, HPE Vertica

Key/value Riak ctreeACEOracle NoSQL DB

Document ArangoDBCouchbasgViarkLogic

Graph OrientDB

Object InterSystem€acieé

Special w Not yet multi-model¢ NuoDBRedis Aerospike

w Multi-usecasec SAP HANA DB¢ctopusDB




