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What Happens in an Internet Minute?

20 47,000 61,141

New victims of downloads
identity theft App

Hours of music
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Photo views Photo uploads
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2007 ANALOG
19 exabytes

- Paper, film, audiotape and vinyl: 6 %
- &nalogvideotapes (VHS, etc): 94 % ANALOG
- Portable media, flash drives: 2 %

- Portable hard disks: 2.4 %
- CDs and minidisks: 6.8 %

Global Information Storage Capacity
in optimally compressed bytes

DIGITAL @

- Computer servers and mainframes: 8.9 %

- Digital tape: 11.8 %

1986 1993 o
ANALOG | /
- DVD/Blu-ray: 22.8 % ‘

2.6 exabytes -
. ANALOG STORAGE®

DIGITAL
STORAGE

DIGITAL
0.02 exabytes

‘ - PC hard disks: 44.5%
2002: 123 billion gigabytes
“beginning
of the digital age”

50%
% digital: ISt rsioiu
1% 3% 25 % 94 % niemaL

280 exabytes

Source: Hilbert, M., & Lopez, P.(2011). The World's Technological Capacity to Store, Communicate, and

Compute Information. Science, 332(6025), 60 —65 http://science.sciencemag.org/content/332/6025/60
4,29.09.2016 (c) 2013 Myworkforwiki (CC-BY-SA 3.0)



http://commons.wikimedia.org/wiki/File:Hilbert_InfoGrowth.png?uselang=de
http://creativecommons.org/licenses/by-sa/3.0/deed.de
http://science.sciencemag.org/content/332/6025/60
http://science.sciencemag.org/content/332/6025/60
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Data AVAILABLE to an
organization

Percent of data an
organization can PROCESS
Figure 1-2 The volume of data available to organizations today is on the rise, while

the percent of data they can analyze is on the decline.
IBM, Zikopoulos, P., & Eaton, C. (2011). Understanding Big Data: Analytics for Enterprise Class Hadoop and

Streaming Data (1st ed.). McGraw-Hill Osborne Media. Retrieved from

https://www.ibm.com/developerworks/community/blogs/SusanVisser/entry/flashbook _understanding _big_data_an
alytics_for_enterprise_class_hadoop_and_streaming_data?lang=en

6, 29.09.2016
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From Big Data to Lean Knowledge
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Defining big data
A greater scope of information
New kinds of data and analysis
Real-time information
Data influx from new technologies

Non-traditional forms of media

Large volumes of data M
The latest buzzword
Social media data m
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Said Business School
UNIVERSITY OF OXFORD

IBM Institute for Business Value

Schroeck, M., Shockley, R., Smart, J., Romero-Morales, D., &
Tufano, P. (2012). Analytics: The real-world use of big data - How
innovative enterprises extract value from uncertain data (Executive
Report No. GBE03519-USEN-00). New York: IBM Institute for
Business Value.
http://public.dhe.ibm.com/common/ssi/ecm/gb/en/gbe03519usen/
GBEO3519USEN.PDF

Respondents were asked to choose up to two descriptions about how
their organizations view big data from the choices above. Choices have
been abbreviated, and selections have been normalized to equal 100%.

Total respondents=1144.,


http://public.dhe.ibm.com/common/ssi/ecm/gb/en/gbe03519usen/GBE03519USEN.PDF
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4V Big Data Definition von IBM

————
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Data at scale Data in many forms Data in motion
Terabytes to Structured, unstructured, Analysis of streaming data
petabytes of data text, multimedia to enable decisions within

fractions of a second

o Data uncertainty

Managing the reliability and predictability
Y O of inherently imprecise data types

Schroeck, M., Shockley, R., Smart, J., Romero-Morales, D., & Tufano, P. (2012). Analytics: The real-world use of big data -
How innovative enterprises extract value from uncertain data (Executive Report No. GBE03519-USEN-00). New York: IBM
Institute for Business Value.

http://public.dhe.ibm.com/common/ssi/ecm/gb/en/gbe03519usen/GBE03519USEN.PDF


http://public.dhe.ibm.com/common/ssi/ecm/gb/en/gbe03519usen/GBE03519USEN.PDF
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5V-Model of Big Data (Demchennko et al. 2013)

Volume

* Terabytes .
« Records/Arch .
* Transactions .
* Tables, Files .

Variety

» Structured

* Unstructured
* Multi-factor

* Probabilistic

5 Vs of
Big Data

Informatik
Velocity
Batch
Real/near-time
Processes
Streams
Value

+ Statistical

 Events

* Correlations

Trustworthiness

Authenticity

Origin, Reputation

Availability
Accountability

Demchenko, Y., Grosso, P., Laat, C. de, & Membrey, P.
(2013). Addressing big data issues in Scientific Data

Veracity

Infrastructure. In 2013 International Conference on
Collaboration Technologies and Systems (CTS) (pp. 48-55).
https://doi.org/10.1109/CTS.2013.6567203

* Hypothetical


https://doi.org/10.1109/CTS.2013.6567203
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Die NIST-Standard-Definition des Begriffs ,,Big Data": 4V

« US National Institute for Standards and Technology - Big Data
Public Working Group:

» “"Big Data consists of extensive datasets primarily in the

characteristics of volume, variety, velocity, and/or variability
that require a scalable architecture for efficient storage,
manipulation, and analysis.” (NIST, 2015, p. 5)

big data c data

NIST. (2015). NIST Big Data Interoperability Framework: Volume 1, Definitions (NIST
Special Publication No. 1500-1). NIST Big Data Public Working Group. Retrieved from

11, 29.09.2016 http://nvipubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1500-1.pdf



http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1500-1.pdf

Hochschule Luzern

What Big Data isn’t

« “"Data science is the extraction of actionable knowledge
directly from data through a process of discovery, or

hypothesis formulation and hypothesis testing” (NIST, 2015,
p.7)

big data # data science

« "The Big Data paradigm consists of the distribution of data
systems across horizontally coupled, independent resources

to achieve the scalability needed for the efficient processing
of extensive datasets". (NIST, 2015, p. 5)

big data # Hadoop

12, 29.09.2016
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The Hadoop-Ecosystem
Web Interface )
Hue
> MANAGEMENT
Coordination Workflow Scheduler
Zookeeper Oozie J
. Data
Machine Graph 3
. . Data Flows Quer i
Learnlng Analyt'cs Cascading, Pig Hive, Dr)i'lll Igtiger?:;:an
Mahout, MLIlib GraphX, Hama ! !
Sqoop
. Iterative Batch Real-Time > PROCESSING
Batch Processing . .
MapReduce Processing Processing
Spark Storm
Cluster/Resource Management
YARN <
Distributed File System NoSQL Database
o e STORAGE

Landset, S., Khoshgoftaar, T. M., Richter, A. N., & Hasanin, T. (2015). A
survey of open source tools for machine learning with big data in the

Hadoop ecosystem. Journal of Big Data, 2(1), 1.
http://doi.org/10.1186/s40537-015-0032-1



http://doi.org/10.1186/s40537-015-0032-1
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The NIST Data Lifecycle

The data life cycle consists of the following four stages:

« Collection: This stage gathers and stores data in its original form (i.e., raw
data).

« Preparation: This stage involves the collection of processes that convert
raw data into cleansed, organized information.

« Analysis: This stage involves the techniques that produce synthesized
knowledge from organized information.

« Action: This stage involves processes that use the synthesized knowledge
to generate value for the enterprise.

14, 29.09.2016



Only these
two?

INFORMATION VALUE CHAIN

A What for?

Visualization m DATA

SW

Preparation
/ Curation

Big Data Framework Provider

IT VALUE CHAIN

Security & Privacy

Management

Physical Resources

Indexed Storage
File Systems

KEY:

Software Tools and
Algorithms Transfer

‘m» Big Data Information ﬁ Service Use m
Flow

Figure 1: NIST Big Data Reference Architecture

NIST. (2015). NIST Big Data Interoperability Framework: Volume 2, Taxonomies (NIST
Special Publication No. 1500-1). NIST Big Data Public Working Group. Retrieved from
http://nvipubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1500-2.pdf



http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1500-2.pdf

(OECD 2015)

Figure 1.7. The data value cycle

Decision making
Value added

growth

and well-being

Knowledge base

1
0]10

Data analytics _
(software and skills) Datafication and

% data collection

OECD. (2015). Data-Driven Innovation: Big Data for
Growth and Well-Being. Paris: OECD Publishing.
Retrieved from http://www.oecd.org/sti/data-driven-
innovation-9789264229358-en.htm



http://www.oecd.org/sti/data-driven-innovation-9789264229358-en.htm
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Business Intelligence (BI)
is a cognitive socio-technical system

/Business Intelligence\ / Environment \

Datafication 4 Market )
(customers,
competitors,

politics, ...)
Emergent J
Knowledge e ~N

Business
(products, services,
processes, ...)
Effectuation )

\_ / \C /

Adapted from: Kaufmann, M. (2016).Towards a Reference Model for Big Data Management (Research Report).
University of Hagen, Faculty of Mathematics and Computer Science. https://ub-deposit.fernuni-
17, 29.09.2016 hagen.de/receive/mir_mods 00000583



https://ub-deposit.fernuni-hagen.de/receive/mir_mods_00000583
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Big Data Management Meta-Model: BDMcube Informatik
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Adapted from: Kaufmann, M. (2016).Towards a Reference Model for Big Data Management (Research Report).
18, 29.09.2016 University of Hagen, Faculty of Mathematics and Computer Science
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BDMecube for business IT aligment in big data management

Implementation

Datafication Integration Analysis Interaction Effectuation

" Knowledge Management

0
£
()]

. o 0

= Rea_l World Source Data Analytic Appllcgtlon of Valu.e S

Signals Processes Insights Creation 5

(@)

I

=

Sensors and Integrated Analytic Analytic User Feedforward %

_ Input devices Data Base Software Interfaces Control a

Knowledge Engineeri

Application

Adapted from: Kaufmann, M. (2016).Towards a Reference Model for Big Data Management (Research Report).
19, 29.09.2016 University of Hagen, Faculty of Mathematics and Computer Science
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Case Study: enersis suisse AG

Der Mensch

als Entscheider

Smart Energy . Komplexe . -
Systeme Effektuierung Energie- Datenintelligenz
modelle als
«Black Box»
[
9
§ u(zielklasse, Merkmal)
= € [0,1]
)
& A

Sensordaten von

Energiesystemen Integrierte Datenbasis

Interaktion

Analyse

. Merkmal 1
Integration

/ Zusammenhang: Merkmale - Zielklasse

i i >
7

Merkmal n

[2] Kaufmann, M., Koller, T., Kurochina, D., Stoffel, K., Hemmje, M. (2017). Induktive Datenvisualisierung flir Smart Energy mit dem IFC-Filter: Fallstudie

enersis suisse AG. To appear in: Meier, A., Portmann, E. (Ed.) Smart City - Strategie, Governance & Projekte. (to apear)

[3] Kaufmann, M., Meier, A., & Stoffel, K. (2015). IFC-Filter: Membership function generation for inductive fuzzy classification. Expert Systems with

Applications, 42(21), 8369—8379. http://doi.org/10.1016/j.eswa.2015.06.034

20, 29.09.2016


http://doi.org/10.1016/j.eswa.2015.06.034
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Case Study FIVE Informatik AG: Integration of Predefined Ontologies
and Emergent Knowledge Graphs in a Concept Brower

AL
<
)

Effectuation: Evaluated as not appropriate for FIVE.
Emergent associaitons often useless or distracting. FIVE Intelligence: emergent & encoded knowledge

missed direct editing, known structure, facets, workflow
C. Visualization as knowledge map in the search engine RDF
| ‘ apply to conceptl apply to filter | <<< | >>> |semngs gary x  jeff x  Michael Kaufmann x
Michael resources [3]
. List of heavy metal bass guitarists__ixt =

Chapman _LPsurname_RP_ txt

-
" List of 2008 motorsport champions__txt

Xpert Schnittstellen

Interaction: Visual concept browsing & search
interface

kevin
Jjonathan
Jjeff gary "Michael Kaufmann"

steve
Mike

dan

top-down structuring

B. Enterprise
ontology:

Analysis: association mining in extracted keywords

li Integration: Search engine index —l
T I I T
KTI/CTI

H H Q . . DIE FORDERAGENTUR FOR INNOVATION
WI kl D M S J I ra F I I eS IVI a I I s We b UAGENCE POUR LA PROMOTION DE L'INNOVATION
UAGENZIA PER LA PROMOZIONE DELL'INNOVAZIONE
THE INNOVATION PROMOTION AGENCY

Down Knowledge Graphs for Intuitive Knowledge Browsing. In T. Andreasen et al. (Eds.),

Flexible Query Answering Systems 2015 (pp. 445-459). Springer
http://link.springer.com/chapter/10.1007/978-3-319-26154-6_34

Wilke, G., Emmenegger, S., Lutz, J., & Kaufmann, M. (2016). Merging Bottom-Up and Top-

A. Text Analytics: extraction
of concepts & associations

Datafication: business processes

21, 29.09.2016



http://link.springer.com/chapter/10.1007/978-3-319-26154-6_34

Case study: Twitter Data Research @ HSLU Hochschule Luzern

Tweeter Autonomic Services
Twitter4] ¢
A =’
ST T PI / JSON- ==
1
\ Interpreter
Datafication
Integration d\
z o/
j L \ SOL Servero12
e |  Statistics v
Interaction: Tool Z== >
Publication & S v Observations
discussion in sc. l Analysis
community .
_ Landing zone ‘l,
Effectuation: 6
. . . E Excel
new sc. insights; Office
further research = . .
. . < Relationships
with Twitter data Spreadsheet | ODBC SQL Database >
Intelligence: 7 /
applied
conventional
stack to big data :
Research Server R oo 501

Delbiaggio, K., Hauser, C., Kaufmann, M. (2016). “The proximity Bias of Communication Recorded on Twitter in Switzerland”, in I. Bernhard (Ed.)
Uddevalla Symposium 2016, Geography, Open Innovation, Diversity and Entrepreneurship. Revised papers presented at thel19th Uddevalla Symposium,

June 30th to July 2nd at Birkbeck University of London, United Kingdom.
22, 29.09.2016
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IDS Datenwelten Hochschule Luzern

« Der interdisziplinare Schwerpunkt (IDS) Datenwelten ist
der Big Data Think Tank der Hochschule Luzern.

Experten X-Lab Events, Interdisziplindre
Netzwerk Hackathons Projekte

« Der IDS Datenwelten mdchte anhand konkreter Beispiele aufzeigen,
wie aus Daten Werte geschaffen werden konnen.

» Die Besonderheit des IDS liegt in seiner interdisziplinaren Sicht
auf die nachhaltige Wertschépfung aus Daten.

hslu.ch/datenwelten



http://hslu.ch/datenwelten
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Forschungsgruppe Data Intelligence

« Datenintelligenz ist die Kompetenz einer Person oder einer Organisation,
Wissen und Fahigkeiten aufgrund von Daten zu erlangen und anzuwenden.

» Die Forschungsgruppe Data Intelligence entwickelt, erforscht und evaluiert
Methoden, mit denen sich Sensordaten erfassen, Wissen aus Daten
gewinnen und die Interaktion mit Daten vereinfachen lasst.

Peter Sollberger Michael Kaufmann Mariia Astrakhantceva Dozent/in Data Intelligence

24, 29.09.2016



Partnerschaft mit dem Big Data Seminar
und der Forschungsgruppe Data Intelligence
der Hochschule Luzern - Informatik

Lucerne University of
Applied Sciences and Arts
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m.kaufmann@hslu.ch

hslu.ch/bigdata

M Sponsern Sie das
Big Data Seminar

M Werden Sie Gastgeber
beim nachsten Event

M Schaffen Sie Innovation
in F&E Projekten mit uns
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