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General Information

 LECTURE NOTES

! Further information on our website http://wwwdb.inf.tu-dresden.de
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Dresden Database System Group
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! …, face detection & recogition, autobeam, 
Siri/Cortant/…, 3D printing, ...

Future is Now

[http://www.bostondynamics.com/][http://[https://www.google.com/selfdrivingcar/] [http://www.idsc.ethz.ch/research-dandrea/research-projects/cubli.html]

Cubli

[http://www.ibmwatson.com/]
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… tomorrow?

 SOONER THEN YOU THINK!
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Exponential Growth
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Exponential Growth

 OUTNUMBERS EVERYTHING ELSE QUICKLY

! Asymptotic advantage
! Quickly increasing add-on

 LEADS TO SURPRISING RESULTS

! Black swans in economic crisis
! Shooting stars in business, media, sport, etc.

[http://roadmap2retire.com/2016/06/disruptive-technologies-exponential-growth/]

[http://xkcd.com/1727/]
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Second Half of the Chessboard

 WHEN EXPONENTIAL GROWTH REALLY KICKS IN

! According to Ray Kurzweil 

! Things start to get interesting in the second 
half of the chess board

! Beyond 4G numbers quickly go beyond 
human intuition

! What happens in the second half can hardly 
foreseen

[https://en.wikipedia.org/wiki/File:Wheat_Chessboard_with_line.svg]
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  FIRST HALF OF THE

CHESSBOARD

 WELCOME TO THE SECOND

HALF OF THE CHESSBOARD



Digitization
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Everything is Digital

 WORLD’S CAPACITY TO STORE INFORMATION  WORLD’S CAPACITY TO TELECOMMUNICATE

Analog

Analog

Digital
Digital

[M. Hilbert and P. Lopez, The World's Technological Capacity to Store, Communicate, and Compute Information, Science, 332, April 2011, DOI: 10.1126/science.1200970]

94% DIGITAL IN 2007 99% DIGITAL IN 2007 
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Everything is Digital

13
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Landscape has changed

 FROM ISLANDS OF DIGITAL DATA …  … TO PONDS OF ANALOG SIGNALS

(Tuamotu Archipelago, French Polynesia) (Algonquin Provincial Park, Ontario, Canada)
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Everything is Digital

[http://blog.acronis.com/posts/data-everything-8-noble-truths]

Everything is DigitalEverything is Digital



Recombinant Innovation
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Example:

 CAR ROUTING APP THAT TURNS EVERY USER INTO A SENSOR

! Provides real-time traffic information
! Learns from users about traffic flow

! Crowd-sourcing of traffic information
! User can post alerts about 

- speed traps, 

- accidents, 

- traffic jams, 

- and even gas prices 

[http://www.digitaltrends.com/cars/wazes-connected-citizens-program-turn-sunday-driver-ally/]
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Example:

 CAR ROUTING APP THAT TURNS EVERY USER INTO A SENSOR

! Provides real-time traffic information
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! Crowd-sourcing of traffic information
! User can post alerts about 
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- traffic jams, 

- and even gas prices 
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Learns from users about traffic flow

sourcing of traffic information
User can post alerts about 

speed traps, 

accidents, 

traffic jams, 

even 
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Waze Ingredients

 ALL INGREDIENTS HAVE EXISTED LONG BEFORE

! Digital road maps
! Car navigation and routing

! GPS/GPS car navigation
! Mobile broadband

! PDAs/Smart Phones

BEFORE

TomTom Navigator, 2002

Etak Navigator, 1985

founded 1985
founded 1985 

as Karlin & Collins, Inc.

PSN-8 Manpack GPS Receiver 
used in Operation Desert Storm 

in 1991

iPhone 1, 2007 UMTS auction in 2000
UMTS available in 2004

Newton, 1993
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PDAs/Smart Phones

Car navigation and routing
TomTom Navigator, 2002TomTom Navigator, 2002 as 

GPS/GPS car navigation
Mobile broadband

PDAs/Smart Phones

GPS/GPS car navigation
TomTom Navigator, 2002

PDAs/Smart Phones
PSN-8 

used

TomTom Navigator, 2002

8 Manpack

TomTom Navigator, 2002TomTom Navigator, 2002
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Recombinant Growth

 INNOVATION IS RECOMBINATION

OF EXISTING IDEAS

! Possibilities explode
quickly

! But we got way better
in processing ideas

Recombinant Growth

RECOMBINATION

„[T]he ultimate limits to „[T]he ultimate limits to „[T]he ultimate limits to 
growth lie not so much in growth lie not so much in growth lie not so much in growth lie not so much in growth lie not so much in 
our ability to generate new our ability to generate new our ability to generate new our ability to generate new our ability to generate new 
ideas as in our ability to ideas as in our ability to ideas as in our ability to ideas as in our ability to ideas as in our ability to ideas as in our ability to ideas as in our ability to 
process an abundance of process an abundance of process an abundance of process an abundance of process an abundance of process an abundance of process an abundance of 
potentially new ideas into potentially new ideas into potentially new ideas into potentially new ideas into potentially new ideas into 
usable form.”



Big Data
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Big Data term reflects the three drivers 

 EXPONENTIAL GROWTH

! beyond intuition
! second half of the 

chessboard

 RECOMBINANT INNOVATION

! explosion of ideas
! all somehow seem to be 

part of big data

 DIGITIZATION

! Everything is digital data
! Analog signals are not part 

of big data

Big Data Fuzziness of the term
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Data, data, everywhere… Volume

 THE PETABYTE AGE

! 2008

! Eric Schmidt (in 2010): 
Every 2 Days We Create As 
Much Information As We
Did Up To 2003

 THE ZETTABYTE AGE

! 2015
! One Zettabyte = 

Stack of books 
from Earth to 
Pluto 20 times

 THE INTERNET IN 2020

! ~26.3 billion
networked devices

! 25.1 GB average
traffic per capita
per month

! 2.3 Zettabytes 
annual IP-Traffic
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Data is produced continuously Velocity

 HUMANE-PRODUCED DATA

! ~300 million email sent/received per minute in 2016
! >0.4 million tweets per minute in 2016

! ~138 million google searches per minute in 2016
! >400 hours of video was uploaded to YouTube per minute in 2016

 MACHINE PRODUCED DATA

! IoT will be boost data velocity greatly
! Sensors become ubiquitous

! Sensors for sound, images, position, motion, temperature, pressure, etc …
! Resolution (in time and space) is continuously increasing

! Assume Waze like cars collecting 20 double values every second
! With one million driving cars that is almost 10 TB every minute
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 DATA FROM ALL KINDS OF DIGITAL SOURCES

! Structure vs. unstructured
! Text vs. image

! Curated vs. automatically collected
! Raw vs. edited vs. refined

SEMANTIC HETEROGENITY

! Decentralized content generation

! Multiple perspectives (conceptualizations) of 
the reality

! Ambiguity, vagueness, inconsistency

Everything is data Variety

“A lot of Big Data is a lot of small “A lot of Big Data is a lot of small data data put put togethertogether.”
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Data is messy Veracity

 QUALITY OF CAPTURED DATA VARIES GREATLY

! Sensor inaccuracy
! Human mistakes

! Incompleteness
! Untrusted sources

! Deterministic processes
! etc.
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“Next to the analytes, we see everything in the 
results, from the perfume of the lab assistant to 
the softener in the new machine sitting next.” 
—About Liquid chromatography–
mass spectrometry at IPB Halle
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[http://www.ibmbigdatahub.com/infographic/four-vs-big-data]



Data Science/Data Analysis

“Data is the new oil. It’s valuable, but if unrefined it cannot really be 
used. It has to be changed into gas, plastic, chemicals, etc. to 
create a valuable entity that drives profitable activity; so must data 
be broken down, analyzed for it to have value.” –Clive Humby

… or how to turn raw data into something valuable?
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Levels of Analysis

Reporting

Analytics
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Descriptive Analytics

 HOW HAVE I DONE? (AND WHY?)

! Simplest class of analytics
! Condense big data into smaller, more useful bits of information

! Summary of what happened
! 70-80% penetration

 EXAMPLES

! Database aggregation queries

! Business reporting (e.g. Sales figures)
! Market survey (e.g. GFK)
! (classical) business intelligence, dashboards, scorecards

! Google Analytics
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Predictive Analytics

 HOW WILL I DO?

! Next step up in data reduction
! Studies recent and historical data

! Utilizes a variety of statistical, modeling, data 
mining and machine learning techniques

! Allows (potential inaccurate) predictions about the future
! Use data you have, to create data you do not have
! 15-25% penetration

 EXAMPLES

! Market developments
! Stock developments

! Movie/product recommendations on netflix/amazon
! Energy demand and supply forecasting
! Preditive policing (e.g. precobs, predpol)

Fill in the 
blanks

Project the 
curve
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Prescriptive Analytics

 WHAT SHOULD I DO?

! Predicts “multiple futures” based on the potential actions
! Recommends the best course of action for any 

pre-specified outcome
! Typically involves a feedback system to track outcome 

produced by the action taken
! Utilizes predictive methods + optimization techniques
! 1-5% penetration

 EXAMPLES

! Energy load balancing by flexoffer scheduling
! Inventory optimization in supply chains

! Targeted marketing campaign optimization
! Focus treatment of clinical obesity in health care
! Waze-like car navigation

33
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Same same but different
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From Business Intelligence to Data Science

 CHARACTERISTICS OF BUSINESS INTELLIGENCE (BI)

! Provides pre-created dashboards for management
! Repeated visualization of well known analysis steps

! Deals with structured data
! Typically data is generated within the organization

! Central data storage (vs. multiple data silos)
! Handled well by specialized database techniques

 TYPICAL TYPES OF QUESTIONS AND INSIGHT

! Customer service data: “what business causes customer wait times”
! Sales and marketing data: “which marketing is most effective”
! Operational data: “efficiency of the help desk”

! Employee performance data: “who is most/least productive”
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Levels of Analysis

Reporting

Analytics
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From Data Warehouse to Data Lake

 WITH CHEAP STORAGE COSTS, PEOPLE PROMOTE THE CONCEPT OF THE DATA LAKE

! Combines data from many sources and of any type
! Allows for conducting future analysis and not miss any opportunity

 COLLECT EVERYTHING

! All data, both raw sources over extended periods of time as well as any processed data

! Decide during analysis which data is important, e.g., no “schema“ until read

 DIVE IN ANYWHERE

! Enable users across multiple business units to refine, 
explore and enrich data on their terms

 FLEXIBLE ACCESS

! Enable multiple data access patterns across a shared 
infrastructure: batch, interactive, online, search, and others
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Roles in Big Data Projects

 DATA SCIENTIST

! Data science is a systematic method 
dedicated to knowledge discovery via data 
analysis

! In business, optimize organizational 
processes for efficiency

! In science, analyze 
experimental/observational data to derive 
results

! Typical skills
- Statistics + (mathematics) background

- Computer science: Programming, e.g.: R, (SAS,) 
Java, Scala, Python;  Machine learning

- Some domain knowledge for the problem to solve

 DATA ENGINEER

! Data engineering is the domain that develops 
and provides systems for managing and 
analyzing big data

! Build modular and scalable data platforms for 
data scientists

! Deploy big data solutions
! Typical skills

- Computer science background

- Databases

- Software engineering

- Massively parallel processing

- Real-time processing

- Languages: C++, Java, (Scala,) Python

- Understand performance factors and limitations 
of systems



Our Focus in Teaching in Research
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Levels of Analysis

Reporting

Analytics
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Big Data Landscape(s)
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Data Systems

 DATA SYSTEMS ARE IN THE MIDDLE OF ALL THIS

 A DATA SYSTEM…

! …stores data…
! …provides access to data…

! …and (ideally) makes data analysis easy

DIFFERENT DATA SYSTEMS USE DIFFERENT DATA MODELS

big data

data
systems
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(Big) Data System Landscape(s)
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Graph Building Blocks

 NODES (DOTS)

! Like an entity in ER

! Exist on their own
! Have object identity

 EDGES (LINES)

! Like a relationship in ER

! Exist only between nodes
! Identity depends on the 

nodes they connect
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Graph Data – Social Network
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Social Graphs

 FACEBOOK

! May 2013
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Graph Data
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Graph Data
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Graph Data
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Structured Search

 EXAMPLE: FACEBOOK GRAPH SEARCH

! Finding subgraph structures
! Very natural way of formulating queries

[http://socialnewsdaily.com/15865/facebook-social-graph-search-a-great-way-to-find-working-professionals-in-your-network/]
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Social Network Analysis

 EXAMPLE: TWITTER COMMUNICATION

! Users tweeting on a specific topic
! Others reply of retweet

! Users can be grouped based on
communication topology 
(-> graph clustering)

! Analysis reveals user groups and 
dominant communication patterns

[https://nodexlgraphgallery.org/Pages/Graph.aspx?graphID=76277]
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Citation Networks

 EXAMPLE: DBLP

! Open bibliographic information on major 
computer science journals and proceedings

! >3.4 million publication
! >7000 new publication per month

! >1.7 million authors

[http://well-formed.eigenfactor.org/projects/well-formed/radial.html#/][Emre Sarigöl et al. Predicting Scientific Success Based On Coauthorship Networks. EPJ Data Science, 2014]



57

Viral Marketing

 VIRAL MARKETING

! spreading content to one person so that more than one person engaging with the content
! Techniques

- Influence estimation 

- Influence maximization 
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Knowledge Graphs

 KNOWLEDGE GRAPH OF A PICTURE

[The National Library of Wales, https://www.llgc.org.uk/blog/?p=11246]
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Knowledge Graphs

 SÄCHSISCHE LANDESBIBLIOTHEK – STAATS- UND UNIVERSITÄTSBIBLIOTHEK DRESDEN (SLUB)

! Adds semantics search to library online catalog
! Utilizing multi-lingual knowledge data from Wikipedia

! Significant improvements in search quality for library users

[http://www.slideshare.net/JensMittelbach/dswarm-a-library-data-management-platform-based-on-a-linked-open-data-approach]
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 SED

Supply Chain Management

Supply Chain Optimization
! Customer A: 10-30% reduction in inventory
! Customer B: 8% reduction in transportation costs

[http://www.logicblox.com/solutions/supply-chain-optimization/]

When to send?
How much to send?
From where to where?

much to send?
From where to where?

?
From where to where?

Inventory
ResponseResponseeeee

Times
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Level of Analytics

Graph Data 
Management 
Applications
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(Big) Data System Landscape(s)
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Summary

 BIG DATA

! Crossing thresholds in exponential growth, digitization, recombinant innovation
! Technical challenges in volume, velocity, variety, veracity, value

 RELATED RESEARCH AND LECTURES

! Data Science methods " Datenintegration und -analyse

! Data Systems " Architektur von Datenbanksystemen
" Big Data Platforms

! Graph Data " Graph Data Management and Analytics

! Search in large documents set " Information Retrieval


