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A grand challenge on Variety

ÅBig data: Volume, Variety, Velocity, Veracity

ÅVariety: tree data (XML, JSON), graph data (RDF, property graphs, 
networks), tabular data (CSV), temporal and spatial data, text etc.

Photo downloaded from: https://blog.infodiagram.com/2014/04/visualizing-big-data-concepts-strong.html



Motivation: one application to include 
multi-model data
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Sales
Social 
media

Customer

CatalogShopping-cart

An E- commence example with multi - model data



NoSQL database types
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Photo downloaded from: http://www.vikramtakkar.com/2015/12/nosql-types-of-nosql-database-part-2.html



Multiple NoSQL databases
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Polyglot Persistence

ÅάhƴŜ ǎƛȊŜ Ŏŀƴƴƻǘ Ŧƛǘ ŀƭƭέΥ use multiple databases for one application

ÅIf you have structured data with some differences
ÅUse a document store

ÅLŦ ȅƻǳ ƘŀǾŜ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŜƴǘƛǘƛŜǎ ŀƴŘ ǿŀƴǘ ǘƻ ŜŦŬŎƛŜƴǘƭȅ ǉǳŜǊȅ 
them
ÅUse a graph database

ÅIf you manage the data structure yourself and do not need complex 
queries
ÅUse a key-value store
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Pros and Cons of Polyglot Persistence

ÅRequires the company to hire 
people to integrate different 
databases

ÅImplementers need to learn 
different databases

ÅHard to handle inter-model 
queries and transactions

ÅHandle multi-model data

ÅHelp your apps to scale 
well

ÅA rich experience to 
manage multiple 
databases



Multi-model DB

Tabular

RDFXML

Spatial

Text

Multi-model DB

JSON

ÅOne unified database for multi-model data



Multi-model databases

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

ÅDocument, graph, relational, and key-valuemodels are examples of 
data models that may be supported by a multi-model database.
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What is the difference between Multi-model 
and Multi-modal

ÅMulti-model: graph, tree, relation, key-ǾŀƭǳŜΣΧ

ÅMulti-modal: video, image, audio, eye gaze data, physiological 
ǎƛƎƴŀƭǎΣΧ



Three arguments on one DB engine for 
multiple applications

Å1. One size cannot fit all

Å2. One size can fit all

Å3. One size fits a bunch



One size cannot fit all

ά{v[ ŀƴŀƭȅǘƛŎǎΣ ǊŜŀƭ-time decision support, and data warehouses 
cannot be supported in one database engineΦέ

M. Stonebrakerand U. CetintemelΦ έhƴŜ {ƛȊŜ Cƛǘǎ !ƭƭέΥ !ƴ LŘŜŀ ²ƘƻǎŜ 
Time Has Come and Gone (Abstract). In ICDE, 2005.



One size can fit all

ÅOctopusDB suggests a unified, one size fits all data processing 
architecture for OLTP, OLAP, streaming systems, and scan-oriented
database systems.

ÅJens Dittrich, Alekh Jindal: Towards a One Size Fits All Database 
Architecture. CIDR 2011: 195-198



One size can fit all: 

ÅAll data is collected in acentral log, i.e., all insert and update-
operations create logical log-entries in that log.

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

ÅThe query optimization, view maintenance, and index selection 
problems suddenly become a single problem: storage view selection



One size can fit a bunch: AsterixDB[1]

A parallel semi-structured data 
management system with its own storage, 
indexing, run-time, language, and query 
optimizer, supporting JSON, CSV data

Support SQL++ [2] and AQL (AsterixDB
query language)

[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

Å!ǎǘŜǊƛȄ5.Ωǎdata model is flexible

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

ÅClosed: you can choose to pre-define 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 fit all ?

2. One size can fit all ?

3. One size fits a bunch ?

4. ???



Multi-model databases: 
Onesize fits multi-data-model

ŀ



Multi-model databasesarenot new !

ÅCan be traced to object-relational 
database(hw5.a{ύ

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



Most of DBs will become multi-model 
databases in 2017

--- Gartner report for operational 
databases 2016

MongoDB supports multi-
model in the recent release 

3.4 (NOV 29, 2016)

ÅBy 2017, all leading operational 
DBMSs will offer multiple data 
models, relational and NoSQL, in 
a single DBMS platform.



Pros and Cons of multi-model databases

ÅA complex system

ÅImmature and developing

ÅMany challenges and open 
problems

ÅHandle multi-model data

ÅOne system implements fault 
tolerance

ÅOne system guarantees inter-
model data consistency

ÅUnified query language for 
multi-model data 



Two examples of multi - model databases:



ÅArangoDBis a multi-model, open-source database with flexible data 
models for documents, graphs, and key-values.

ÅThey store all data as documents.

ÅSince vertices and edges of graphs are documents, this allows to mix 
all three data models(key-value, JSON and graph)



An example of multi-model data and query

knows
{"Order_no":"0c6df508",

ñOrderlines ": [

{ "Product_no":"2724fò

ñProduct_Name":ñToy",

"Price":66 },

{ "Product_no":ñ3424gò,

"Product_Name":ñBook",

"Price":40 } ]

}

knows

Social network graph

"1" -- > "34e5e759"

Shopping-cart key-value pairs 
Customer_IDĄOrder_no

Order JSON document
Customer relation"2"-- > "0c6df508"

Customer_ID Name Credit_limit

1 Mary 5,000

2 John 3,000

3 William 2,000

Mary

JohnAnne



An example of multi-model data and query

{"Order_no":"0c6df508",

ñOrderlines ": [

{ "Product_no":"2724fò

ñProduct_Name":ñToy",

"Price":66 },

{ "Product_no":ñ3424gò,

"Product_Name":ñBook",

"Price":40 } ]

}

Customer_ID Name Credit_limit

1 Mary 5,000

2 John 3,000

3 Anne 2,000

"1" -- > "34e5e759"

"2"-- > "0c6df508"

Recommendation query:
Return all product_nowhich are ordered by a friend 
of a customer whosecredit_limit>3000

knows
knows

Mary

John

Tabular-graph join

Graph-key/value join

Key/value-JSON join
Anne



Let CustomerIDs =(FOR Customer IN Customers FILTER 

Customer.CreditLimit > 3000 RETURN Customer.id)

Let FriendIDs =(FOR CustomerID in CustomerIDs FOR Friend IN 

1..1 OUTBOUNDCustomerID Knows return Friend.id)

For Friend in FriendIDs

For Order in 1..1 OUTBOUND Friend Customer2Order

Return Order.orderlines [*]. Product_no

An example of multi-model query (ArangoDB)
Description: Return all products which are ordered by a friend of 
a customer whosecredit_limit>3000

Result: [" 2724f ", "3424g"]



ÅSupportinggraph, document, key/valueand objectmodels.

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

ÅIt supports schema-less, schema-full and schema-hybridmodes.

ÅQuery withSQLextended for graph traversal.



Select expand(out("Knows"). Orders.orderlines.Product_no ) 

from Customers where Credit_limit > 3000

Description: Return all products which are ordered by a friend of 
a customer whosecredit_limit>3000

Result: [" 2724f ", "3424g"]
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Classification and Timeline

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

Graph OrientDB

Object InterSystems Caché

Special ωNot yet multi-model ςNuoDB, Redis, Aerospike

ωMulti-use-case ςSAP HANA DB, Octopus DB
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RelationalMulti-Model DBMSs
Storage

Å Biggest set:
1. Most popular type of DBMSs

2. Extended to other models long before Big Data arrival

3. Relational model enables simple extension

Å PostgreSQL
Å Many NoSQL features: materialized views (data duplicities), master/slave replication

Å Data types: XML, HSTORE(key/value pairs), JSON/ JSONB(JSON)

Å SQL Server
Å Data types: XML, NVARCHAR(JSON)

Å SQLXML (not SQL/XML)

Å Function OPENJSON: JSON text ­ relational table

Å Pre-defined schema and mapping rules / without a schema (a set of key/value pairs)



RelationalMulti-Model DBMSs 
Storage

ÅIBM DB2
ÅPureXML ςnative XML storage (or shredding into tables)
ÅDB2-RDF ςRDF graphs
ÅDirect primary ςtriples + associated graph, indexed by subject
ÅReverse primary ςtriples + associated graph, indexed by object
ÅDirect secondary ςtriples that share the subject and predicate within an RDF graph
ÅReverse secondary ςtriples that share the object and predicate within an RDF graph
ÅDatatypes ςmapping of internal integer values for SPARQL data types

ÅOracle DB
ÅData types: XMLType (or shredded into tables), VARCHAR/ BLOB/ CLOB

(JSON)
Åis_json check constraint

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


RelationalMulti-Model DBMSs
Storage

ÅOracle MySQL
ÅMemcached API (2011):key/value data access
ÅDefault: key/value pairs are stored in rows of the same table
ÅKey prefix can be defined to specify the table to be stored

ÅStength:combinationwith relational data access
ÅMySQL cluster (2014): sharding and replication

ÅSinew
ÅIdea: a new layer above a relational DBMS that enables SQL queries over multi-

structured data without having to define a schema
ÅRelational, key-value, nested document etc.

ÅLogical view = a universal relation
ÅOne column for each unique key in the data set
ÅNested data is flattened into separate columns

Daniel Tahara, Thaddeus 

Diamond, and Daniel J. Abadi. 

2014. Sinew: a SQL system for 

multi-structured data.2014 ACM 

SIGMOD. ACM, New York, NY, 

USA, 815-826.

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


RelationalMulti-Model DBMSs
Storage ςPostgreSQL Example

CREATE TABLE customer (

id INTEGER PRIMARY KEY,

name VARCHAR(50),

address VARCHAR(50),

orders JSONB

);

INSERT INTO customer

VALUES (1, 'Mary', 'Prague',

' {"Order_no":"0c6df508", 

"Orderlines":[

{"Product_no":"2724f", "Product_Name":"Toy", "Price":66 },

{"Product_no":"3424g", "Product_Name":"Book", "Price":40}]

} ');

INSERT INTO customer

VALUES (2, 'John', 'Helsinki',

' {"Order_no":"0c6df511", 

"Orderlines":[

{ "Product_no":"2454f", "Product_Name":"Computer", "Price":34 }]

} ');



RelationalMulti-Model DBMSs
Storage ςPostgreSQL Example

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

SELECT jsonb_each (orders) FROM customer; 

SELECT jsonb_object_keys (orders) FROM customer; 



RelationalMulti-Model DBMSs
Formats Storage strategy Query 

languages
Indices Scale 

out
Flexible 
schema

Comb. 
data

Cloud

PostgreSQL relational, 
key/value, JSON, 
XML

relational tables - text 
or binary format + 
indices

SQL ext. inverted N Y Y N

SQL Server relational, XML, 
JSON, ...

text, relational tables SQL ext. B-tree, full-
text

Y Y Y N

IBM DB2 relational, XML, 
RDF

native XML type / 
relations for RDF

Extended 
SQL / XML / 
SPARQL 
1.0/1.1

XML paths / 
B+ tree, 
fulltext

Y Y Y N

Oracle DB relational, XML, 
JSON

relational, native XML SQL/XML, 
JSON SQL 
ext.

bitmap, B+ 
tree, 
function-
based, 
XMLIndex

Y N Y Y

Oracle MySQL relational, 
key/value

relational SQL, 
memcached
API

B-tree Y N Y Y

Sinew relational, 
key/value, nested 
document, ...

logically a universal 
relation, physically 
partially materialized

SQL - - Y Y N
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