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The figure shows changes (in the years 2010-2025) to the 
proportions of analog (light filling) and digital information 

resources (dark filling)

2010 (0,5)     2015 (1,5)             2020 (9,5)                                 2025 (51)     
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Storage

• Unstructured data - 85% of all the world's
information. Their volume is growing at 50%
per month.

• Storage capacity is growing at 45% per
annum. 

http://wp.download.idg.pl/sbwps/bd490072b0c1418ec8ba416e9141ce66/4fc6fedb/hp/Nowa_generacja_serwerow_HP.pdf



Big Data 

• A massive, unstructured and structured 
digital data.

• The  significant part of the Big Data
is made by any information available 

on the Internet  including social networks.

• These data are created by and about the individuals who use social 
network services (posts, blogs, portals, e-mails or Internet 
clickstreams), professional publications (the vast electronic archive of 
journals, periodicals, books) patterns of cell phone calls, and other 
resources of information.
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Annual size of real time data in the global datasphere 

from 2010 to 2025(in zettabytes)

© Statista 2022



Where Data is Stored

https://www.cisco.com/c/en/us/solutions/collateral/service-
provider/global-cloud-index-gci/white-paper-c11-738085.html



Productivity data comes from a set of traditional computing platforms such as PCs, 
servers, phones, and tablets. 

Embedded data, on the other hand, comes from a broad variety of device types

• Security cameras 

• Smart meters 

• Chip cards 

• RFID readers 

• Fueling stations 

• Building automation 

• Smart infrastructure 

• Machine tools 

• Automobiles, boats, planes, 
busses, and trains 

• Vending machines 

• Digital signage 

• Casinos 

• Wearables 

• Medical implants

• Toys 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwiu3oy1_8raAhXOIlAKHSW8AKUQFggvMAE&url=https%3A%2F%2Fwww.seagate.com
%2Ffiles%2Fwww-content%2Four-story%2Ftrends%2Ffiles%2FSeagate-WP-DataAge2025-March-2017.pdf&usg=AOvVaw3LjCtpL1ffO-59v8hCBht_



Collecting data

• This isn’t a one-time operation; firms must rerun their analysis on new
data to make sure the models are still effective and to respond to changes
in customer desires and competitors.

• To refine – to analyze data from the past and real time/continuously.

• Identify data from a variety of sources. Potentially valuable data often
exists in multiple hard-to-access locations, both internally (data bases in
enterprise applications) and externally (social media, government data,
open data and other public or licensed data sources).

• Advanced data visualization tools can help to explore the data from various
sources to determine what might be relevant for a predictive analytics project.

The Forrester Wave™: Big Data. Predictive Analytics Solutions, Q2 2015.  Mike Gualtieri and Rowan Curran, April 1, 2015 | Updated: April 1, 2015



The way society uses data is going through a 
fundamental shift:

• • From entertainment to productivity

• • From business focused to hyperpersonal

• • From structured to unstructured

• • From selective to ubiquitous

• • From retrospective to here and now

• • From life-enhancing to life-critical



Application Programming Interface API 
that most interest developers and users 

https://www.cisco.com/c/en/us/solutions/collateral/service-
provider/global-cloud-index-gci/white-paper-c11-738085.html



Cloud Computing for Big Data



Sources of information - crucial step of 
refining information

1. Defining 
the object 
of the 
study

2. Identification 
of thematic 
sources of 
information

3. Collection 
of thematic 
information

4. Data 
Validation

5. Pre-
processing of  
text 
representation

6. Analyzing
and 
extracting
information
about the 
object



First step – define an object/Pillar = problem
• A pillar - the words or phrases that are associated with the term / name of

the studied problem. Such keyword or phrase associated with it, in this
method, defined the term Object/PILAR:

• Can be a brand name, the product of a political party, organization, city, name of the
person etc.

• Can be considered more broadly and not be limited only to a single word or phrase,
but it can be a whole set of words and phrases that are synonymous, antagonisms or a
set of words and phrases related to the topic (eg. The budget, economic result, report,
audit etc.).

• Includes all possible kinds of words or phrases by those times (future, past, present),
modes (guessing, commanding), participles, neologisms, including with regard to
words that contain spelling errors, typos.

• A problem - answer to the question about hidden knowledge in large
information resources, e.g. distinction of information clusters, division of a
set into different parts.



Content (of Sources) = Big Data 

1. At the beginning, it is necessary to identify the sources of primary
(RAW) multimedia information and download the needed content –
from the Internet/network or from large sets of information
available offline or online.

2. Collection of multimedia data and Conversion to a text/digits =
source materials (materials)

3. Then RI can find new information, valuable, hidden in the texts, for
example to assess the phenomenon of social problems (satisfaction,
health, frauds).



Second step - Sources. Identification of 
sources of dedicated information

• The substance subjected to RI are the Big Data source materials
(materials) acquired from the Web, or from another valuable
collection of BD available offline or in digital form.

• The information that can be used by RI is identified using detection
systems, e.g. Web of Science and Scopus (tools: SciVal, InCites).
Depending on the subject under study, data/content from public
institutions (e.g. national or local government, the EU), commercial
organizations, full-text databases, e.g. DOAJ (Directory of Open
Access Journals), patent databases, social websites, blogs, microblogs,
forums and RSS feeds (e.g. from newspapers) can be used.



Forms of sources

• The materials available online can be divided into four groups based
on their form:

• Text,

• Image,

• Sound,

• Video.

• The textual material obtained from the materials has to be given a
standardized form before being subjected to further analysis.



Third step – Robots/Crawlers
Collecting and cleaning source materials 

• The next step, collecting the materials, is performed by a special RI
robot (robot). This step consists of three stages: reading information
from a given source (mainly the Web), filtering the content, purifying
the data and transforming it into a standardized form required by the
RI system.

• Using the sources, a robot collects the materials concerning the
subject of research (e.g. election in a country, problems of healthcare
in a region). The fundamental value of the materials collected by a
robot is the independence of their selection. Nobody decides about
any form of censorship of the analyzed materials.



Identification of Sources of Dedicated Information

• To gather a collection (corpus) of unstructured data (texts) to search 
through based on the assumptions and selection criteria.

• Identification of information sources usually starts with formulating 
keywords that will be used in searching.

• Identifying reliable information sources is a dynamic process that 
needs to be modified or refined using blending techniques.

• No single method or tool will serve entirely.

• A methodology for the identification of information sources differs 
from many factors:

• designated goals, selected tools, presented

• skills, time available, also accessibility,

• and budget to spend.



Formulating keywords for searching sources. 
Pseudonymous
• The keyword as a search term is any word you use to find the 

information you are looking for.

• It can be a natural language word or controlled vocabulary - a subject 
term from a database subject index or descriptor from thesaurus in 
the renowned database.

• Pseudonymous. To ensure the use of the alternatives covered by the 
controlled vocabulary - similar, broader, narrower, and related terms.



To ensure the use of the alternatives covered by the 
controlled vocabulary

- similar, broader, narrower, and related terms

• synonyms, and quasi-synonyms for internet resources, additional 
knowledge organization systems (KOS) can be used, like taxonomies,
ontologies, and other glossaries (e.g., large lexical databases (e.g., 
IATE – Interactive Terminology for Europe; Word-Net® and Polish 
version ”Słowosieć”, where nouns, verbs, adjectives, and adverbs are 
grouped into sets of cognitive synonyms

• Search terms call the essential concepts that represent the different 
aspects of the topic; general words that don’t mean anything alone, 
such as ”impact” or ”effect,” should not be used as search terms.



Clarin. Summarize

• A tool for summarizing texts and searching for pseudo-synonyms. It is 
possible to analyze a whole collection of texts 

• The tool automatically selects potentially key fragments of texts, and 
then removes less important elements, ensuring that the surface 
consistency of the text is maintained.



Searching for pseudosynonyms

Przecięcie z Pełne zapytanie Liczba artykułów
\"machine 
learning\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"machine learning\" 70515

\"deep 
learning\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"deep learning\" 41143

\"data 
science\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"data science\" 10853

\"deep 
structure\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"deep structure\" 763

\"decision 
tree\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"decision tree\" 8526

\"deduction 
tree\"

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"deduction tree\" 7

\"prediction\"
_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"prediction\" 96288

\"recognition\"
_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"recognition\" 75914

\"neural 
networks\" 

_exists_:fullText AND datePublished:>=2019 AND (fullText:\"artificial intelligence\" OR 
fullText:AI) AND fullText:\"neural networks\" 55077



Searching for information sources

• abstract and citation databases (e.g. Web of Science, Scopus),

• specialized collections of curated and hosted full-text publications, conference 
proceedings, technical magazines, newsletters and books from publishers (e.g. 
IEEE Xplore, ACM Digial Library, Springer, ScienceDirect, PLoS Journals), 

• full text scholarly articles eprints repositories (e.g. arXiv), Open-DOAR – global 
Directory of Open Access Repositories, 

• discovery tools (such as EDS, Primo, Summon; they enable integrated searches in 
multiple sources at one time, e.g. full-text, bibliographic and abstract databases)

• community-curated online directories (e.g. DOAJ – Directory of Open Access 
Journals)

• many other internet exploration tools 



SCIENTIFIC DATABASES AND SEARCH ENGINES UNIVERSITY OF 
WARSAW LIBRARY

• https://www.buw.uw.edu.pl/

• https://www.buw.uw.edu.pl/zasoby-online/

• http://katalog.nukat.edu.pl/search/query?theme=nukat

https://www.buw.uw.edu.pl/
https://www.buw.uw.edu.pl/zasoby-online/
http://katalog.nukat.edu.pl/search/query?theme=nukat


About world science

•https://doi.org/
•https://ascelibrary.org/
•https://www.base-search.net/
•https://www.semanticscholar.org/
•https://citeseerx.ist.psu.edu/index
•https://cedb.asce.org/CEDBsearch/
•https://core.ac.uk/
•https://www.deepdyve.com/
•https://dblp.org/
•https://www.econbiz.de/
•https://www.mysciencework.com/
•https://www.science.gov/ 

•https://www.scienceopen.com/
•https://www.mdpi.com/
•https://www.springer.com/gp
•https://worldwidescience.org/index.html
•http://yadda.icm.edu.pl/
•https://unesdoc.unesco.org/library
•https://app.dimensions.ai/discover/publication
•https://www.tib.eu/en/
•https://doaj.org/
•https://www.researchgate.net/
• https://academic.microsoft.com/ 
•https://scielo.org/en/ 

https://doi.org/
https://ascelibrary.org/
https://www.base-search.net/
https://www.semanticscholar.org/
https://citeseerx.ist.psu.edu/index
https://cedb.asce.org/CEDBsearch/
https://core.ac.uk/
https://www.deepdyve.com/
https://dblp.org/
https://www.econbiz.de/
https://www.mysciencework.com/
https://www.scienceopen.com/
https://www.mdpi.com/
https://www.springer.com/gp
https://worldwidescience.org/index.html
http://yadda.icm.edu.pl/
https://unesdoc.unesco.org/library
https://app.dimensions.ai/discover/publication
https://www.tib.eu/en/
https://doaj.org/
https://www.researchgate.net/


Online catalogs
• Katalogi UW

• NUKAT – Katalog Zbiorów Polskich Bibliotek Naukowych

• Katalogi Biblioteki Narodowej

• FIDKAR – multiwyszukiwarka dla komputerowych baz bibliotecznych

• KaRo – Katalog Rozproszony Bibliotek Polskich

• Biblioteki Warszawy – zintegrowana wyszukiwarka zbiorów bibliotek publicznych stolicy

• POLANKA – Katalogi Bibliotek Anglistycznych

• The British Library

• The Library of Congress

• KVK – Karlsruhe Virtual Catalog

• WorldCat

• The National Library of Russia

• Bibliotèque nationale de France

• Virtual International Authority File (VIAF)

http://www.buw.uw.edu.pl/biblioteki-uw/katalogi-uw/
http://katalog.nukat.edu.pl/search/query?theme=nukat
https://www.bn.org.pl/katalogi
http://fidkar.fides.org.pl/
http://karo.umk.pl/Karo/karo.php?al=&lang=pl
http://www.bibliotekiwarszawy.pl/
http://www.bibang.uw.edu.pl/
http://explore.bl.uk/primo_library/libweb/action/search.do?vid=BLVU1
https://catalog.loc.gov/
https://kvk.bibliothek.kit.edu/?digitalOnly=0&embedFulltitle=0&newTab=0
http://www.worldcat.org/
http://nlr.ru/eng
http://catalogue.bnf.fr/index.do
https://viaf.org/


multi-search engines

• EDS (EBSCO Discovery Service) scientific multisearch engine

• The multi-search engine enables integrated searching of electronic resources and 
the Catalog of UW Libraries. Allows you to search for, for example, a magazine 
article or a book chapter.

• The search criteria may include: author's name, publication titles, keywords and 
many other parameters.

• More information about the EDS multisearch engine

• Multisearch - video guides

https://www.buw.uw.edu.pl/zasoby-
online/narzedzia-wyszukiwania/



List of e-journals (Full Text Finder)

• This tool allows you to search for titles of full-text journals from all 
databases and electronic journals subscribed to at the University of 
Warsaw.

• It serves as a catalog of full-text electronic journals available in the 
University of Warsaw network.



Full Text Finder 

• there is no need to search for an interesting journal title in each of 
the databases in turn.

• After finding a title on the list of e-journals, you can reach the 
journal's resource and the text of the article via an active link.

• The search can be done by the title of the journal or by the field. 
Additionally, the new list also indexes eBooks from the eBook 
Academic Collection.



YAKE



Case study: Articles analyzed

● articles from 2016-2020
● 132 texts from 20 numbers
● only in Polish

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Stages of the study

1. Downloading texts in pdf format
2. Converting pdf texts to txt - 10-fold decrease in corpus size
3. Removal of redundant fragments
4. Lematization and deletion of stopwords in LEM - Literacki Explorer 

Machine
5. Tokenization in Tokenizer
6. Choosing a tool for automatic keyword extraction

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Comparison stats for author and auto keyword sets

Accuracy Precision Recall F1-score

mediana 0 0 0,17 0

mean 0,05 0,05 0,15 0,05

max 0,5 0,5 0,6 0,57

min>0 0,14 0,14 0,13 0,17

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Word clouds for author and auto keywords

Author word cloud Cloud for auto words

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Cluster network for author keywords

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Density analysis for copyright keywords

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Cluster network for auto keywords

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Density analysis for automatic keywords

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Cluster network comparison

Sieć dla słów autorskich Sieć dla słów automatycznych

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Density analysis comparison

Analiza gęstości słów autorskich Analiza gęstości słów automatycznych

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Methodology

• VOS Viewer – visualization of the network of
connections between columns and their
attributes

• Label size - frequency of occurrence

• Label color – cluster affiliation

• Distances (lines connecting labels) –
thematic distance from the column and
other attributes

• Line Thickness - the strength of the
relationships between linked labels

Katarzyna Jarzyńska, Metody automatycznej ekstrakcji słów kluczowych dla języka polskiego, UW, 2021



Methods of visualizing the network of 
connections
• The power of connections

• fractionalization

• Lin/Log modularity



The power of connections

Budżet



fractionalization



Lin Log/modularity



Energy News



Social Media - Source



Social media is an increasingly pervasive and 
influential force in modern civilisation

• "While 75% of the information in the digital universe is
generated by individuals, enterprises have some liability for
80% of information in the digital universe at some point in its
digital life.

• It is a key platform for communication in every aspect of life,
from personal to economic, political, to computing data analysis.

• E.g. in the field of investing and data analysis, social media has
become a popular venue for individuals to share the results of
their own analysis on financial securities and provide a wealth
of new data for exploration and exploitation.

Pikulina, E., Renneboog, L., Tobler, P.,  Overcondence and investment: An experimental approach. Journal of Corporate Finance 43 (1), 175{192. Salhin, A., Sherif, 
M., Jones, E. Managerial sentiment, consumer condence and sector returns. International Review of Financial Analysis 47, 24{38.



An example of data from the Net
The Global News Data Feed 
1. Access over 9,000 global news sources

2. Collect information in any language and translate it for
analytics

3. Have structured web data to put into analytic tools

• BrightPlanet’s Deep Web Global News Data Feed consists
of data that spans over 9,000 global news source in
multiple languages. Over 18 million unique articles have
been collected and enriched with an average of 50,000
new articles added daily. The dataset serves as a flexible
standard data feed for end-users across all industries to
access and use for a vast array of purposes

• People

• Places

• Companies

• Diseases

• Crimes

• Weapons

• Symptoms

https://brightplanet.com/global-news-datafeed/



Open Data



Open data 

• can be freely used, reused and redistributed by anyone - subject only, 
at most, to the requirement not to make any changes



Open resources

• The phenomenon is attributed mainly to archaic societies, primitive.

• Internet due to its open nature and universality and low-cost tools to help users
to create content, placing them in the net and streaming, has become the field of
exchange of goods information, such as products of culture: books, music,
movies, software and computer games and scientific resources and educational.



Open data - details

• Availability and Access: the data must be available as a whole and at no
more than a reasonable reproduction cost, preferably by downloading over
the internet. The data must also be available in a convenient and
modifiable form.

• Re-use and Redistribution: the data must be provided under terms that
permit re-use and redistribution including the intermixing with other
datasets.

• Universal Participation: everyone must be able to use, re-use and
redistribute - there should be no discrimination against fields of endeavor
or against persons or groups. For example, ‘non-commercial’ restrictions
that would prevent ‘commercial’ use, or restrictions of use for certain
purposes (e.g. only in education), are not allowed.

http://opendatahandbook.org/guide/en/what-is-open-data/



MAIN RULES FOR USING THE "OPEN DATA"

•Concern for completeness.

•Providing basic data

•Providing current data

•Access to the data without 
discrimination

•Ensuring the availability of data

•Allowing machine processing

•The use of non-proprietary 
formats

•Sharing data without 
unnecessary license

•Durability data

•Providing the ability to search 
data



Power of government data - Competitive neutrality 

Governments, public agencies and state-owned enterprises have a
privileged position to collect data that cannot be easily obtained by the
private sector, not only because of their size, but also as a result of
their role in law enforcement, provision of public services and
collection of official statistics, making the public sector one of the most
data-intensive sectors in the economy.

Unclassified DAF/COMP(2016)14 Organisation de Coopération et de Développement Économiques Organisation for Economic Co-operation and Development 27-Oct-2016 



Power of government data - Competitive neutrality 

Governments, public agencies and state-owned enterprises have a
privileged position to collect data that cannot be easily obtained by the
private sector, not only because of their size, but also as a result of
their role in law enforcement, provision of public services and
collection of official statistics, making the public sector one of the most
data-intensive sectors in the economy.

Unclassified DAF/COMP(2016)14 Organisation de Coopération et de Développement Économiques Organisation for Economic Co-operation and Development 27-Oct-2016 



The potential exploitation of public data 

• In areas such as internal security, crime prevention, health, traffic and
even macroeconomic policy can lead to massive savings of public
funds, improvement of public services and ultimately economic
growth.

• A McKinsey report estimates that if public sector data was exploited
to its full extent, the governments of the European OECD member
countries would be able to reduce operating expenditures by 15% to
20%, reduce fraud and errors by 30% to 40% and raise tax collection
by 10% to 20%, generating an added value of between EUR 150
billion and EUR 300 billion.



Open Data Portals

• Data.gov

• opendata.paris.fr

• www.data.gouv.fr

• www.dati.piemonte.it

• www.data.overheid.nl

• data.gov.uk

• Dane.gov.pl

http://opendata.paris.fr/
http://opendata.paris.fr/
http://www.data.gouv.fr/
http://www.dati.piemonte.it/
http://www.data.overheid.nl/
http://data.gov.uk/


Internet resources
Deep Web 

• A significant part of Big Data is formed by the Internet resources,
including social networks. Data of this type are created by and about
individual users of social networking (blogs, posts, portals, e-mails or
stream of queries to the Internet), professional publications,
and other rich information resources.

• Bigger part of Big Data are resources hidden in the network- Deep
Web (Dark Net) and pNet, built on P2P - called F2F (friend to friend),
such as: Freenet. These resources are a thousand times greater than
those available in traditional, indexed by the search engines on the
web.



Deep Web Search 

Deep Web Search Engines 2022
• The WWW Virtual Library

• Deep Web Links Directory 2022

• Deep Web Research Tools

• Grams Search Engine

• Surfwax

• IceRocket

• Anonymous Hacking Web

• Stumpedia

• Freebase

• Dark Web Search Engines 2022

• Darknet Marketplace

• Onion.City

• Onion.to

• Not Evil

Dark Web Search Engines 2017

• Darknet Marketplace

• Onion.City

• Onion.to

• Not Evil

https://www.deepweb-sites.com/

http://vlib.org/
https://www.deepweb-sites.com/deep-web-links-2020/
http://www.weitzenegger.de/content/?page_id=2321
https://www.deepweb-sites.com/grams-deep-web-search-engine-for-black-markets/
http://lookahead.surfwax.com/
http://www.icerocket.com/
https://www.deepweb-sites.com/use-deep-web-dark-web-hacking-tutorial-forum-news/
http://www.stumpedia.com/
http://www.freebase.com/
https://www.deepweb-sites.com/list-deep-web-sites-darknet-markets/
http://onion.link/
https://tor2web.org/
https://hss3uro2hsxfogfq.onion.to/
https://www.deepweb-sites.com/list-deep-web-sites-darknet-markets/
http://onion.link/
https://tor2web.org/
https://hss3uro2hsxfogfq.onion.to/


The Web – main part of Big Data

• Before stepping into the concept of the Deep web? You might have come
across these terms Deep Web Links 2022, Dark Web, The Hidden Wiki,
Invisible Web, Darknet, Deep Web Video Sites, Deep Web Pages, Deep Web
Sites, Deep Web Sites, Tor Deep Web Links, Links Deep web websites,
Uncensored Hidden Wiki, Links Da Deep Web, Tor Hidden Wiki Links, Tor
Directory, Darknet Marketplace and so on.

https://www.deepweb-sites.com/

https://www.thedarkwebsites.com/


What does the Deep Web Contains?

• Mail Order Marijuana
• Silk Road
• Hitman Service
• Buttery Bootlegging
• The Human Experiment
• Weapons
• Credit Card Information
• Betting on Fixed Sporting Events
• The Hidden Wiki
• Recent Developments

https://www.deepweb-sites.com/





Internet of Things (IoT)

https://www.seagate.com/pl/pl/our-story/data-age-2025/



Internet of Things 

• The Internet of Things (IoT) is an architectural paradigm that
combines physical devices, massive network connectivity, data
accumulation and analysis, and operational control informed by
analytics models that enhance and optimize cross-system
interoperation.



The Internet of Things (IoT) is an architectural 
paradigm that combines:

• physical devices, 
• massive network connectivity, 

• data accumulation and analysis, 

• operational control informed by analytics models that enhance and 
optimize cross-system interoperation. 



Internet of Things definition

• The vast network of devices connected to the Internet, including
smart phones and tablets and almost anything with a sensor on it –
cars, machines in production plants, jet engines, oil drills, wearable
devices, and more. These “things” collect and exchange data.

• IoT – and the machine-to-machine (M2M) technology behind it – are
bringing a kind of “super visibility” to nearly every industry. Imagine
utilities and telcos that can predict and prevent service outages,
airlines that can remotely monitor and optimize plane performance,
and healthcare organizations that can base treatment on real-time
genome analysis. The business possibilities are endless.

https://www.sap.com/solution/internet-of-things.html#



IoT success

• This checklist explores some fundamental aspects of the data
architecture necessary for IoT success. It examines what is required to
rapidly adapt to massive numbers of connected sensors and other
end-point devices, as well as deployment of developed analytics
models for automated decision making



Checklist explores some fundamental aspects of 
the data architecture necessary for IoT success 

• to rapidly adapt to massive numbers of connected sensors 

• other end-point devices, 

• deployment of developed analytics models for automated decision 
making



Embedded systems and the Internet of 
Things (IoT). 
• As standalone analog devices give way to connected digital devices, the latter will

generate vast amounts of data that will, in turn, allow us the chance to refine and
improve our systems and processes in previously unimagined ways.

• Big Data and metadata (data about data) will eventually touch nearly every
aspect of our lives — with profound consequences.

• By 2025, an average connected person anywhere in the world will interact with
connected devices nearly 4,800 times per day — basically one interaction every
18 seconds.

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwiu3oy1_8raAhXOIlAKHSW8AKUQFggvMAE&url=https%3A%2F%2Fwww.seagate.com%2Ffiles%2F
www-content%2Four-story%2Ftrends%2Ffiles%2FSeagate-WP-DataAge2025-March-2017.pdf&usg=AOvVaw3LjCtpL1ffO-59v8hCBht_



What is the Internet of Everything (IoE)?

• The Internet of Everything adds intelligent connections between
things and devices, people, processes, and data.

• IoE systems make sensor data more meaningful and have a secure,
usable infrastructure that lets actionable information be shared
across the business ecosystem.

https://www.sap.com/solution/internet-of-things.html#



Real-world Internet of Things examples

• From crowd-sourced GPSs to self-ordering vending machines, real-
time innovations from the IoT are just beginning. Business speaker
Jim Harris shares concrete Internet of Things examples and payoffs –
and the key obstacle preventing businesses from taking the plunge.



GROWING DEMAND FOR ARCHITECTS of IoT?

• IDC forecasts the market IoT (Internet of Things) is expected to reach
in 2020. Value of 1.46 trillion USD.

• This scale makes a huge demand for technology experts of IoT.

• For now, most companies do not realize that they need experts from
the Internet of Things, Including architects IoT.

• It makes the need for analytical solution running locally or in a
distributed architecture using the potential of information refining



Near Field Communication
(NFC)

A set of communication protocols that enable two electronic 

devices, one of which is usually a portable device such 

as a smartphone, to establish communication by bringing 

them within 4 cm (1.6 in) of each other – problem of 

securyty.

NFC - payment systems, similar to those used in credit 

cards and electronic ticket smartcards and allow mobile 

payment to replace/supplement these systems. 





NTAG 203

•Contactless: transmission and power supply
Range up to 100 mm
Data transfer rate: 106 kbit / s
Memory: 168 B
144 B user memory r / w
Durability 5 years
The strength - 10 000 cycles



RFID for bees? Project to save the bees



Beacon



Biometria



BCI - Brain-computer interfaces
A brain–computer interface (BCI), is a 

direct communication pathway 

between an enhanced or wired brain 

and an external device. 

Biofeedback 

Mental Typewriter Mental Typewriter 

Neural Impulse Actuator (NIA) – 450 zł



• delta, 0.1-4Hz SEN

• theta, 4 – 8 Hz RELAXATION, MEDITATION

• alpha, 8-13 CALM, END OF PAIN

• beta 13 - 30 ATTENTION, SCIENCE

• gamma 36-100 PERCEPTION, ATTENTION. 

Electroencephalography (EEG) 



BrainGate – Neuron interface system



A.I. Is Getting Better at Mind-Reading

• Scientists recorded M.R.I. data from three participants as 
they listened to 16 hours of narrative stories to train the 
model to map between brain activity and semantic features 
that captured the meanings of certain phrases and the 
associated brain response.

• Original transcript: “I got up from the air mattress and pressed my face 
against the glass of the bedroom window expecting to see eyes staring back 
at me but instead only finding darkness.”

• Decoded from brain activity: “I just continued to walk up to the window and 
open the glass I stood on my toes and peered out I didn’t see anything and 
looked up again I saw nothing.”

A.I. Is Getting Better at Mind-Reading - The New York Times (nytimes.com)

https://vp.nyt.com/video/2023/05/01/108097_1_01mindreading-01_wg_720p.mp4

https://www.nytimes.com/2023/05/01/science/ai-speech-language.html?campaign_id=2&emc=edit_th_20230502&instance_id=91550&nl=todaysheadlines&regi_id=4706125&segment_id=131873&user_id=23d2bc947cb727be868a6d2665f7e191


Electrodermal Testing (EDA) 

https://sciencebasedmedicine.org/13926/



Galvanic skin reaction test

Źródło: Think – About, http://think-about.pl/pip-relaksuj-sie-poprzez-granie/, [Dostęp: 16.10.2018].



Connecting Shimmer3 with electrodes

Źródło: iMotions, Galvanic Skin Response 
(GSR): The Complete Pocket Guide, 
https://imotions.com/blog/galvanic-skin-
response/, [Dostęp: 20.11.2019].



Eye Tracking 

• Eye tracking data is collected using either

a remote or head-mounted ‘eye tracker’

connected to a computer.

• This data is used to extrapolate the

rotation of the eye and ultimately the

direction of gaze.

• The aggregated data is written to a file

that is compatible with eye-tracking

analysis software such as EyeWorks



SMI’s eye tracking platform

• To give real-time information about a shopper’s visual attention
in a virtual store.

• Immersive eye tracking reveals new insights as to how
consumers react to signage, displays, products and packaging.

• This behavioral information can be used to optimize marketing
campaigns, product launches, category reviews or merchandising
solutions.

http://us2.campaign-archive1.com/?u=20a37991a0bb6f6a24f8876dd&id=0cc8e4018b&e=2a5155d77b



Eye Tracking  





Mouse tracking



3 hours in Photoshop

http://www.iographica.com/



1 hour of gaming

http://www.iographica.com/



Eye Tracking Heat Map: Women vs Men

• Think Eye Tracking showed the following picture to thirty men and
thirty women for five seconds while they were being eye tracked.

• Much to some people's surprise, the heat map showing what women
most looked at is on the left, while the men's results is on the right.

https://www.clicktale.com/academy/blog/heat-map-technology-revolutionizing-how-we-read-customer-experience/



tools

• http://mousetracker.org 

• http://mouseflow.com. 

• IOGraphica



www.glam-shop.pl

Marcin Chlewicki, Mouse tracking jako narzędzie do oceny strony internetowej. 2016



The search for the same information

www.piekoszow.pl www.gminaterespol.pl

Marcin Chlewicki, Mouse tracking jako narzędzie do oceny strony internetowej. 2016



CLICKpoint (thermal maps)

http://www.7point.pl/produkty/mapa_klikniec/mapa_klikniec.html



How-old.net



When Algorithms Grow Accustomed to Your Face

http://www.nytimes.com/2013/12/01/technology/when-algorithms-grow-accustomed-to-your-face.html?nl=todaysheadlines&emc=edit_th_20131201&_r=0



DeepFace: Closing the Gap to Human-Level Performance in Face Verification

https://research.fb.com/publications/deepface-closing-the-
gap-to-human-level-performance-in-face-verification/



Pre-processing of  text representation



Collecting Source Materials

• The collection step is done via bot. Approach depends on the type of 
source, from which the data is to be collected. 

• API (application programming interface) type sources have a 
standarized form, but may be constricted to external limits on the
server.

• The scraper:
• searches the previously identified sources of information

• downloads the content

• and cleaning.



the process of creating Big Data 
information resources

Selection and purification of the 
information in question

Refining process

RAW Data Base

Offline&Online /Private
Sources/files



RAW Material

• Before the start of the procedure for processing information, 
source material are collected by the robot BigData

• Then the data are prepared. 
• Filtering database content robot to be tested;

• Data cleansing and transforming them into a standardized forms 
required by the program;

• Implementation of the appropriate Return calculations.



Filtering Big Data

• Filtering records for the study from a database which 
has been built by a robot BigData.

• Selecting a subset of the content collected by BigData 
because of:

• periods of time (date / time from-to)
• sources of information,
• words or phrases occurring in the subset in the titles



Normalization

• Wrangle the data. Data preparation for predictive analytics is a key
challenge. Many users of predictive analytics spend more than three
quarters of their time preparing the data: calculating aggregate fields,
stripping extraneous characters, filling in missing data, or merging multiple
data sources.

• Update sentiments - lifetime

• Build a predictive model. Predictive analytics tools. Wave include dozens
of different statistical and machine-learning algorithms that data scientists
or knowledgeable AD&D professionals can choose to run the best
predictive model. The best algorithm(s) to choose depend on the type and
completeness of the data and the type of prediction desired.



Normalization - curation

• It lies in the fact that redundant spaces tabs and line breaks are 
removed from the text 

• As a result of the normalization of the text we get one line of text, in 
which is the entire content of the document



Normalization / unification of the source text







DATA: 09.12.2019



DOCUMENT HTML

664 KB

„CLEAN” TEXT

1,87 KB



Clarin. Txt clean– czyszczenie dokumentów

• a service that allows you to clean texts from unnecessary elements.

• The algorithm allows to remove website addresses. It is also possible 
to remove carry-outs, i.e. all extra white space from the text. Another 
function is to replace input characters or words with any selected 
string of output characters.

• Access: https://ws.clarin-pl.eu/txtclean.shtml



Data Validation

• Data collected with bots and filtered with tools such as REGEX has to 
be verified that indeed it is concerning the chosen object.

• The simplest way to validate the data is to obtain list of keywords for 
each document and then to compare it with list of pseudo synonyms 
of the object. Keywords can be extracted via tools like YAKE!

• An alternative, requiring substantial computational power, is to use 
one of the several pretrained language models. BERT is one of such 
models provided by Google.



Pre-processing
choosing a way of representing the text.

• extraction or word embedding of the text:

• Keyword extraction approach, e.g. YAKE!

• neighboring the object: mean over all the vectors of the text and use 
it as a vector representing this particular text. E.g. modern clustering 
techniques, such as t-SNE, UMAP, PaCMAP; which can detect linear
and nonlinear patterns in the data [cytowanie]. The goal of this 
section is to obtain division of the distilled database into similar 
groups.


