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Big Data Principles

● Massive amounts of heterogeneous data

● Relational Data (Tables/Transactions/Legacy Data)

● Text Data (Web)

● Semi-structured Data (XML)

● Graph Data (Social Networks, Semantic Web)

● Large-scale data (distributed repositories, clouds)

● Scalability issues: running on very-large, growing 
data sets

● Elastic metaphors – Cloud Computing paradigms

● Database As A Service (DaaS)

● Easy and Interpretable Analytics

● Privacy-Preserving and Secure Data Management  
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Context Example:
Big Data Analytics on IoT/1
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Context Example:
Big Data Analytics on IoT/2

Data cubes arise in several 
data layers of the reference 
framework:
• in the proper data storage 

layer;
• in the extended analytical 

layer.

Hence, OLAP data cubes 
provide several functionalities 
for supporting big data 
analytics
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OLAP: Problem Statement/1

◼ OLAP: Performing fast aggregations on huge 
amounts of data to support decision making 
processes

Product Year SaleZone

multidimensional 
representation

Year
Product

Zone

data cubeDimensions Measure
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OLAP: Problem Statement/2

◼ A range query over a data cube is defined as 
the application of a SQL aggregation operator 
(such as SUM, COUNT, AVG etc) on the 
subset of data which belong to a given range
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OLAP: Problem Statement/3

◼ Example: total amount of sales of the product 
P3 between 1999 and 2000 in zones East and 
West
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Big OLAP Data Cubes on the 
Cloud

◼ What for Big OLAP Data Cubes on the Cloud?

◼ A powerful analytical model
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Multidimensional Big Data 
Analytics/1

◼ New big data analytical metaphor proposed 
by me in 2011:
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Multidimensional Big Data 
Analytics/2

◼ Apply the principles of multidimensional data 
representation and analysis to the big data 
analytics process

◼ The target big data source is modeled in 
terms of dimensions and measures

◼ Aggregation procedures (e.g., pivoting) and 
machine learning algorithms (e.g., clustering) 
are applies on the deriving multidimensional 
data structures

◼ A new paradigm that is overbearingly 
emerging
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Multidimensional Big Data 
Analytics/3

◼ A reference 
architecture for 
supporting 
multidimensional 
big data 
analytics 
(scientific 
settings)
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Case Study: Booking.com/1
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Case Study: Booking.com/2
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Case Study: Booking.com/3
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Case Study: Booking.com/4

Multidimensional Pivoting Multidimensional Clustering

Multidimensional Regression
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Column-Oriented Representation of 
Big OLAP Data Cubes on the Cloud/1

◼ Idea: using a column-store representation
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◼ Example

Column-Oriented Representation of 
Big OLAP Data Cubes on the Cloud/2
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◼ Cloud-based representation over multiple nodes

Column-Oriented Representation of 
Big OLAP Data Cubes on the Cloud/3
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◼ Cloud-based partitioned representation of big OLAP data 
cubes over commodity hardware machines

Big OLAP Cube

Cloud Node

Column-Oriented Representation of 
Big OLAP Data Cubes on the Cloud/4



31

Outline

● Big Data Principles

● Context Example: Big Data Analytics on IoT

● OLAP: Problem Statement

● Big OLAP Data Cubes on the Cloud

● Multidimensional Big Data Analytics

● Case Study: Booking.com

● Column-Oriented Representation of Big OLAP Data Cubes on the Cloud

● Innovation: Column-Based Big OLAP Data Cube Compression 
on the Cloud

● Conclusions



32

Innovation: Column-Based Big OLAP 
Data Cube Compression on the Cloud

◼ Cloud-based partitioned representation of big OLAP data 
cubes over commodity hardware machines

Cloud 
Node

Compression
Algorithm

Compression
Algorithm

Compression
Algorithm

Compression
Algorithm

Compression
Algorithm

Edge 
Node

Big Data Analytics
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Compression Algorithms for 
Multidimensional Data

◼ Across 10 years, we propose a set of 
compression techniques for OLAP data cubes:

◼ -Syn, an analytical synopsis data structure that 
introduces a polynomial approximation technique 
for OLAP data cubes;

◼ KLSA, which further extends the proposal in order 
to provide accuracy control over compressed 
OLAP data cubes;

◼ LCS-Hist, a histogram-based complex 
methodology for compressing massive-in-size 
high-dimensional OLAP data cubes.
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Conclusions

◼ An innovative paradigm for supporting 
multidimensional big data analytics over big 
OLAP cubes, deployed on Clouds

◼ Scalable compression of multidimensional data 
cubes for supporting multidimensional big data 
analytics

◼ Comprehensive approach that can be 
integrated in next-generation big data analytics 
systems

◼ Nice integration with the wide family of open-
source tools (e.g., Apache)
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