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Characteristics and Definition

Conceptual and Technological Developments

Challenges for Analytics in Big Data Warehousing

Demonstration Cases: the SusCity and iFactory projects
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Big Data

How can be characterised?

Volume

Data available in organisations

Data processed in organisations
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Big Data

« Other relevant characteristics?
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Big Data

How can be defined?

From Databases
to Big Data

Sam Madden * Massachusetts Institute of Technology

IEEE INTERNET COMPUTING
IEEE Computel ® 2012 |EEE

What Is Big Data?

data that’s too big,
too fast, or too hard for existing tools to pro-
cess.
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Big Data

« Conceptual and technological developments?

»  Conceptual

International Journal | of Information Management 35(2015) 137-144

Contents lists available at ScienceDirect

Information

International Journal of Information Management , ;
4

journal homepage: www.elsevier.com/locate/ijinfomgt +

Beyond the hype: Big data concepts, methods, and analytics @Cmsmk

Amir Gandomi *, Murtaza Haider

Ted Rogers School of Management, Ryerson University, Toronto, Ontario M5B 2K3, Canada

The fast evolution of big data
left little time
for the discourse to develop and mature in the academic domain.
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Big Data

« Conceptual and technological developments?

 Technological

GOVERNANCE
INTEGRATION TOOLS SECURITY OPERATIONS

Data Lifecycle & Zeppelin Ambari User Views Administration Provisioning,
Governance Authentication Managing, &
Authorization Monitoring
DATA ACCESS Auditing Data
Falcon Protection
. Ambari
Atlas Batch Script Sql NoSql Stream Search In-Mem Others
Map Pig Hive HBase Storm Solr Spark HAWQ RANgar Cloudbreak
Reduce Accumulo Partners Knox ZooKeeper
Data workflow Phoenix
Atlas
Sqoop
A , Slider HDES Encryption Scheduling
FI
RO YARN: Data Operating System Oozie
Kafka
NFS HDFSHadoop Distributed File System

https://hortonworks.com/ecosystems/ mmm

HORTONWORKS®
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Big Data (Analytics)

Ambiguity...

(
» Lack of common technical & scientific approaches ‘@}

» Wide range of technologies @ﬁ

. Lack of skills in IT teams ﬁ@@
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Big Data Analytics

Traditional Big
Data Data
\Warehouse \Warehouse
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Big Data

Big Data Analytics e

» Characteristics

* mixed and complex analytical workloads (e.g., ad hoc querying,
data mining, text mining, exploratory analysis and materialized | | | ‘

Views)

+ real-time operations (stream processing, low latency and high  S\%,
- @ e

frequency updates)

Yo

* scalability to accommodate growing data, users and analysis
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Big Data Analytics

* Characteristics

» massively parallel processing

* flexible storage to support data from several sources
» use of commodity hardware to lower costs

* interoperabllity in a federation of multiple technologies
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Batch
. Interactive
: Streaming

E Partitions
i Buckets

cassandra re d i S

AP ACHE

RHSASE v
mongoDB
D o

Shive (@neoy)

Data Storage ‘

Data Organization

presto .7

APACHE

DRILL

Data Processing

Data Modeling

S } Spqr‘lgZ

8 ‘g

HAWQ

i Normalized
i Denormalized
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BDW Architecture

batch data

Data Provider

Data
Collection

|

Batch

_________________________________ ]

Sandbox
Storage

File System

4

Streaming
Processing

Indexed Storage

\ 4

Batch
Storage

Streaming
Storage

— Data Mining/Machine Learning Model

Ly

Data Science
Sandbox

Distributed
Query Engine

____________________________________________

Data
Visualization

3. Analytics, Visualization and Access

Data Consumer -

Costa, C., C. and M. Y. Santos, “Big Data Warehouses for Smart Industries”, in Sherif Sakr and Albert Y.

Zomaya (Eds.), Encyclopedia of Big Data Technologies, Springer, 2018.
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Technological

Infrastructure

Data Provider

[ Municipality j [IoT Infrastructurej [PrivateCompaniesj [ Researchers ] [ Citizens

Data Collection

Streaming Data

&

Kafka

Batch Data

@

Talend HDFS Upload

A

Data Science Sandbox

Spatfz Q *
WEKA

MLlib

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 “Pb

Data Preparation & Enrichment ;
v
: : Batch Data ‘ Streaming Data

B NS EEEN *

. : Spfnrﬁz

R I SpcniZ st .

! : Talend reaming

e ' w

! ! L Data Science Model Application | i

! * L

! Q Spoﬁzl F

! i WEKA MLlib

IR S ‘s

! BDW Storage S

' v A4

Batch Storage

Streaming Storage

<o

cassandra

Access, Analytics & Visualization

W

Querying & OLAP

Data Visualization

presto

- G Y

Maps API Chart.js

( _M,‘ Security, Privacy & Management

Security, Privacy
& Management - M

Collection - C

SR Distributed
- Processing - P

1 Gigabit Ethernet Network |

Non-Distributed
Processing - P*

%

Shared-Nothing Infrastructure (Scale out)

I\ Web Server - W

v

Costa, C., and M. Y. Santos, “The SusCity Big Data Warehousing Approach for Smart Cities”. In Proceedings of
International Database Engineering & Applications Symposium (IDEAS'17), Bristol, United Kingdom, 12-14 July, 2017.
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Batch Storage
Analytical Object
Descriptive Atributes Analytical Atributes
__________ o iptive ibu
| P Factual Attributes Predictive Attributes
o2
! 9 Granularity Key Atomic Value C
S S oo l_ 4 l— l l
H T 2 5
H £ £ ,8 value 1 | value 2 | value 3 value 4 | [value 5.1, value 5.2] value 6 | {key value 7.1: value 7.1} P
[e) D = !
i2ia8 |
: g v Record
O : Analytical Object H
---------- @ e [ Factual Aributes Prodictive Aftrbutes i Jom Materialized Objects
-4 Materialized | | Materialized ! o
Aroiicslobest______ i Object1 i Object2
Descriptive Atributes | ol Atiibutes | __ Predictive Attributes i Pl
v b
Inter-storage ........ ooy Materialization
- Join Union —e inali ;
Pipeline e X i Pipeline }
..................... e E E N
6 P
Streaming Storage
Analytical Object
Analytical Atributes
*********** ® Descriptive Atributes
> P Factual Attributes Predictive Attributes — o ey |
i v Clustering Key
E S Granularity Ke) Atomic Value C Tt i
rh © 2 l_ s v l_ l l .
N % Q2 value 1 | value 2 | value 3 value 4 | [value 5.1, value 5.2] value 6 | {key value 7.1: value 7.1} 1
B R ] .
g0 -
B 8 H Record
__________ T s— R
scriptive Atributes | - tual Attributes Predictive Atiibutes Join Materialized Objects
””” ' | Materialized ! Materialized”
Anaiytical Object i Object1 : i Object2
Desrtve Aites | o e A ’ 1

Analytical Objects

*  Fully denormalized structures

Nested structures (e.g., arrays, maps)
«  Descriptive attributes = dimensions
facts and

* Analytical Attributes
predictions

Materialized Objects

Unified Batch and Streaming

«  Same modelling approach

« Integrate both in the same query
«  Possible due to SQL-on-Hadoop

Costa, C., and M. Y. Santos, “The SusCity Big Data Warehousing Approach for Smart Cities”. In Proceedings of
International Database Engineering & Applications Symposium (IDEAS'17), Bristol, United Kingdom, 12-14 July, 2017.

Costa, C., C. and M. Y. Santos, “Big Data Warehouses for Smart Industries”, in Sherif Sakr and Albert Y.
Zomaya (Eds.), Encyclopedia of Big Data Technologies, Springer, 2018.
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...advance the science of urban
systems modeling and data
representation  supported by
urban “big data” collection and
processing, with the double

o
Cli-k) explore economic opportunities
associated with the transition to

objective  of  enabling and
demonstrating new services that
Urban data driven models for creative sustainable urban systems.
and resourceful urban transitions
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Information Services and Data
Processing Platform
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Analytical Dashboards

SusCity Platform
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Analytical Dashboards

SusCity Platform

Q P DASHBOARDS
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Analytical Dashboards

SusCity Platform Q Ociyndcators & suscity «
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Urban data en models for ofive
and resourceful urban transitior .
SusCity Platform O CityIndicators & SusCity ~
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Analytical Dashboards

and resourceful urban tronsiti

SusCity Platform

Q P DASHBOARDS

O city Indicators & susCity ~
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