
Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology

Information Service Engineering 
Lecture 1: Information, Natural Language, and the Web

This file is licensed under the Creative Commons Attribution-NonCommercial 3.0 (CC BY-NC 3.0)

Prof. Dr. Harald Sack
FIZ Karlsruhe - Leibniz Institute for Information Infrastructure
AIFB - Karlsruhe Institute of Technology

Summer Semester 2021

http://creativecommons.org/licenses/by-nc/3.0/


Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology

Information Service Engineering
Lecture 1: Information, Natural Language, and the Web

1.1 How to get Information (from the Web)?

1.2 Communication, Language, and Understanding

1.3 How to measure Information?

1.4 The ever-growing Web of Information 

1.5 Search Engines on the Web

1.6 The Meaning of Information

2



Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology
3

1. Information, Natural Language and the Web / 1.1 How to get Information (from the Web)?

How to get Information (from the Web)?

Find a solution for the following question:

● When was the Greenhouse Effect discovered?

Greenhouse effect, by Wikipedia:user “a loos necktie”

https://commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg
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Greenhouse effect, by Wikipedia:user “a loos necktie”
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Find a solution for the following question:

● When was the Greenhouse Effect discovered?

Ask an 
Information 

Service

Google Result 
from 04/2020

https://commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg
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Find a solution for the following question:

● When was the Greenhouse Effect discovered?

Google Result 
from 04/2021

Greenhouse effect, by Wikipedia:user “a loos necktie”

https://commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg
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Find a solution for the following question:

● When was the Greenhouse Effect discovered?

Bing Result 
from 04/2020

Greenhouse effect, by Wikipedia:user “a loos necktie”

https://commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg
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Search Engine Indexes

● Web pages
● News articles
● Tweets
● etc.

Knowledge Graph
● Facts 

(structured data)
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Greenhouse Effect
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is a

1. Information, Natural Language and the Web / 1.1 How to get Information (from the Web)?

What does it mean to know “the Greenhouse Effect”?

8Example of a Knowledge Graph
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Joseph Fourier
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birthDate

deathDate
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21 March 1768

16 May 1830

Jan Baptist van Helmont
discoveredBy

Greenhouse effect, by Wikipedia:user “a loos necktie”

https://commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg
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● Communication is a process by which information is exchanged 

between individuals through a common system of symbols, 

signs, or behavior. 
[Merriam-Webster]

1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

What is Communication?

10
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

Communication Models - How Information is transferred

Ch. Meinel, H. Sack: 
Digital Communication - Communication 

Multimedia, Security, Springer, 2014.

Problem 1: 
Noise and information loss

Problem 2: 
Insufficient encoding & 
decoding of information

11

https://services.bibliothek.kit.edu/primo/start.php?recordid=KITSRC402417836
https://services.bibliothek.kit.edu/primo/start.php?recordid=KITSRC402417836
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● Language, a system of conventional spoken, manual, or written 
symbols by means of which human beings, as members of a social 
group and participants in its culture, express themselves. 

● The functions of language include communication, the expression 
of identity, play, imaginative expression, and emotional release. 

[Encyclopaedia Britannica]

1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

What is Language?

12

Natural Language Artificial Language
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

Natural Language

13

● Natural language is a discrete categorical system of symbols that 
combine to convey meaning. 

● It has evolved naturally and historically in humans through use 
and repetition without planning. 

● A natural language is different from a constructed or formal 
language (artificial language), such as an auxiliary language 
(Esperanto), a programming language (C, Python, Java, etc.), 
arithmetic language, or a language used to study logic.
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

How do we communicate Natural Language?

Speech
● Listening 
● Speaking

Text
● Reading 
● Writing

14
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

How do we encode Textual Information?

Alphabetic Writing System

● A single character refers to a 
single sound 
(phonemic alphabet).

● In consonant alphabets (abjads), 
vowels can be deduced from 
context.

15
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

How do we encode Textual Information?

Syllabic and Logographic 
Writing System

● Syllabic systems also involve a 
mapping between characters 
and sound, (but refer on larger 
units).

● A logograph is a symbol that 
represents a unit of meaning.

https://en.wikipedia.org/wiki/Hua_Sui#/media/File:Pen_ts%27ao,_woodblock_book_1249-ce.png
16
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1. Information, Natural Language and the Web / 1.2 Communication, Language, and Understanding?

Artificial Language

17
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What does it mean to understand?

● Understanding is the ability to grasp the meaning of information.

● Information is conveyed in a message using a specific language.

● Information is understood by the receiver of a message, 
if the receiver interprets the information correctly.

1. Information, Natural Language and the Web 
1.2 Communication, Language, and Understanding?

18



Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology

Information Service Engineering
Lecture 1: Information, Natural Language, and the Web

1.1 How to get Information (from the Web)?

1.2 Communication, Language, and Understanding

1.3 How to measure Information?

1.4 The ever-growing Web of Information 

1.5 Search Engines on the Web

1.6 Deficiencies of the traditional Web

1.7 The Meaning of Information

19



Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology

What is information?

● Information is that which informs.

● Information is conveyed as the content of a message.

● Information can be encoded into various forms for transmission and 
interpretation.

● Information is any propagation of cause and effect within a system.

● Information's existence is not necessarily coupled to an observer.

● Information reduces uncertainty (Information Theory).

1. Information, Natural Language and the Web 
1.3 How to measure Information?

20
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Information according to Information Theory

● Information reduces uncertainty. 

● Uncertainty of an event is measured by its probability of 
occurrence and is inversely proportional to that. 

● The more uncertain an event, the more information is required to 
resolve uncertainty of that event.

21
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Information Content

Discrete Random Variable

● A random variable x takes a value x from the alphabet X with 
probability px(x).

● The vector of probabilities is         ((probability mass function).

22
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Information Content

Discrete Random Variable

● Examples:

○ Coin Tossing: 

■ X=[head; tail] ; 

○ Dice Tossing:  

■ X=[1; 2; 3; 4; 5; 6] ; 

○ German language: 

■ X=[a; b; c; d;…; z] ;

https://de.wikipedia.org/wiki/Buchstabenh%C3%A4ufigkeit 
23

https://de.wikipedia.org/wiki/Buchstabenh%C3%A4ufigkeit
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Shannon Information Content

● The Shannon Information Content of an outcome with 
probability p is:

SIC = -log2 p

● The unit to measure information is bit. 
(binary digit, basic indissoluble information unit)

24

Claude E. Shannon
(1916-2001)

http://scihi.org/claude-shannon-information-theory/
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Shannon Information Content

● Examples:

● Coin Tossing: 

○ X=[head; tail] ;                        ; SIC=[1; 1] bit

● My birthday: 

○ X=[birthday; no birthday] ; 

    ; SIC=[8.512; 0.004] bit

25
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Entropy

● The Information Content (Entropy) H of a message M is based on 
the information content of each symbol s∈M and its relative 
frequency of occurrence (probability):

26
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1. Information, Natural Language and the Web / 1.3 How to measure Information?

Entropy Example

http://www.shannonentropy.netmark.pl/      
27

= 31 x 3.48375 = 107.99625

http://www.shannonentropy.netmark.pl/
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There seem to be no Limits of Growth

Cisco Annual Internet Report (2018 - 2023)

1. Information, Natural Language and the Web / 1.4 The ever growing Web of Information

29

https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html
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“The Web is big. 
  Really big. 
  You just won't believe how vastly, hugely,
  mind-bogglingly big it is.”
(...according to Douglas Adams)

30

https://en.wikipedia.org/wiki/Douglas_Adams
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https://www.visualcapitalist.com/every-minute-internet-2020/

https://www.visualcapitalist.com/every-minute-internet-2020/
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https://www.visualcapitalist.com/every-minute-internet-2020/

https://www.visualcapitalist.com/every-minute-internet-2020/
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The Internet of Things...
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Imagine the Web without a Search Engine

https://pixabay.com/en/needle-in-a-haystack-needle-haystack-1752846/
35
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● Instant Search
● Autocompletion
● Knowledge Graph
● Question Answering
● News
● Images & Video
● Search 

Recommendations
● Quotes
● eCommerce
● etc.

36
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● The World Wide Web is a distributed hypermedia system with

○ multimedia documents and

○ linked via hyperlinks

Search Engines and the Web
1. Information, Natural Language and the Web / 1.5 Search Engines on the Web

37
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Do you always find what you are looking for?
1. Information, Natural Language and the Web / 1.5 Search Engines on the Web

38
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http://tvjapan.net/ 

● Which information is important and how do you know?
● Which information can be trusted?
● Which information is related by content?
● What does the information mean?

39

http://tvjapan.net/
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Humans have 
● contextual knowledge,
● world knowledge and
● experience 
to solve these problems.

Camille Flammarion L'atmosphère: météorologie populaire (1888) 40

https://en.wikipedia.org/wiki/Camille_Flammarion
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  The (Document) Web is for Humans

● The Web is based on the markup language HTML
● HTML describes

○ how information is presented 
○ how information is linked 
○ but not, what the information means

1. Information, Natural Language and the Web / 1.5 Search Engines on the Web

41
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The Information Retrieval Dilemma

● Ambiguity of natural language (polysemy)
● Different words/expressions for the same concept 

(synonyms, metaphors, paraphrases)

1. Information, Natural Language and the Web / 1.5 Search Engines on the Web

42
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

What is Meaning?

● (In the philosophy of language, metaphysics, and metasemantics,)

● Meaning is a relationship between two sorts of things: 

○ Signs and 

○ the kinds of things they intend, express, or signify.

● Words (and nonverbal symbols) are necessarily meaningful

44
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

What does it mean “to understand”?

● Understanding (in general) is the ability to grasp the meaning of 
information.

● Information is conveyed in a message using a specific language from 
a sender to a receiver.

● Information is understood by the receiver of a message, 
if the receiver interprets the information correctly.

45
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Meaning and Comprehension

● Correct Interpretation (Understanding) depends on

○ Syntax,

○ Semantics,

○ Context,

○ Pragmatics, and

○ Experience.

46
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Syntax

● =[greek] Arrangement, Ordering

● In grammatics, syntax denotes the study of the principles and 
processes by which sentences are constructed in particular 
languages.

● In formal languages, syntax is just a set of rules, by which well 
formed expressions can be created from a fundamental set of 
symbols (alphabet).

47
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Semantics

● =[greek] pertains to the character, the study of meaning

● Semantics is part of the linguistics focussed on Sense and Meaning 
of language or symbols of language.

● Semantics is the study of interpretation of signs or symbols as used 
by agents or communities within particular circumstances and 
contexts.

● Semantics asks, how sense and meaning of complex concepts can 
be derived from simple concepts based on the rules of syntax.

● The semantics of a message depends on context and pragmatics.

48
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Context

● [lat.] contextus = interweaved 

● Context denotes the surrounding of a symbol (concept) in an 
expression resp. its relationship with surrounding expressions 
(concepts) and further related elements (verbal context).

● Contexts denotes all elements of any sort of communication that 
define the interpretation of the communicated content, as e.g.

○ social context

○ temporal context

○ cultural context

49



Information Service Engineering , Prof. Dr. Harald Sack, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & AIFB - Karlsruhe Institute of Technology

1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Pragmatics

● =[greek] action

● Pragmatics reflects the intention by which the language is used to 
communicate a message.

● In linguistics pragmatics denotes the study of applying language in 
different situations.

● It also denotes the intended purpose of the speaker.

● Pragmatics studies the ways in which context contributes to meaning.

50
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Semantics vs. Pragmatics

● The boundary between semantics and pragmatics is open for debate.

● In this lecture, we say that semantics looks at the literal meaning of a 
sentence, while pragmatics investigates the meaning of an utterance, 
that is, the use of the sentence.

51

Example sentences 
1. Stand up, Bob! (imperative; command) 
2. Could you please stand up, Bob? (interrogative; question) 
3. Bob stands up. (assertive; statement)

Do all speech acts (1, 2 and 3) have the same meaning?
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Experience

● Experience considers all information that you have learned and put in 
context with the world you are living in.

● Experience in this sense is often referred to as common sense 
knowledge or world knowledge.

52
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Successful Communication

● For successful communication, 

○ information has to be correctly transmitted (Syntax)
○ the meaning (Semantics) of the transmitted information must be 

interpreted correctly (= understanding)

● Understanding furthermore depends on 

○ the context of both sender and receiver and
○ the pragmatics of the sender

● Context of sender and receiver depend on 

○ the experience (knowledge of the world) of both 
sender and receiver

53
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Communication of Meaning

54

sender

receiver

“Jaguar”

Experience

Context

Pragmatics

Experience
Symbol Object

stands for

refers tosymbolizes

Concept

Ogden, Richards: The Meaning of Meaning: A Study of the Influence of 
Language upon Thought and of the Science of Symbolism, 1923

https://en.wikipedia.org/wiki/The_Meaning_of_Meaning
https://en.wikipedia.org/wiki/The_Meaning_of_Meaning
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1. Information, Natural Language and the Web / 1.6 The Meaning of Information?

Language and Semiotics

55

/t͡ ʃɛə(ɹ)/

Signifier Object
stands for

refers toreciprocal evocation 

Signified

concrete

abstract concept

Saussure, Ferdinand de. Course in 
General Linguistics (1916)

arbitrary

concrete sound pattern

Dyadic Model by 
Ferdinand de Sausurre

sender

receiver

Communication is a result of 
consistent social agreement

https://en.wikipedia.org/wiki/Ferdinand_de_Saussure
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1. Information, Natural Language and the Web 
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1. Information, Natural Language and the Web 
Syllabus Questions

● What is a knowledge graph and how do (web) search engines make use of a knowledge graph?

● What is communication?

● What are the differences between natural and artificial languages?

● What does it mean to understand?

● How does information theory measure information?

● What is (information) entropy and how is it computed?

● What are the main challenges for search engines to „understand“ information of the Web?

● What does the correct interpretation of information depend on?

● What is syntax, semantics, context, pragmatics, and experience?

● What is required for successful communication?

58


