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Contents of this Lecture

You will learn


—  how to model data, esp. in a relational way


—  how to store data in a relational database management system (RDBMS)


—  how to express queries, using SQL


—  how to express and enforce integrity constraints about the data
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—  how to model data, esp. in a relational way


—  how to store data in a relational database management system (RDBMS)


—  how to express queries, using SQL


—  how to express and enforce integrity constraints about the data


—  how to model software, esp. in an object oriented way


—  how to (hierarchically) relate classes, using class diagrams


—  how to model time relationships using state charts and sequence diagrams
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A Quick Introduction to Database Systems



What is so special about RDBMS?

Relational Database Management System (RDBMS)


1. RDBMS are very mature pieces of software!


“relational database”  — coined by Edgar F. Codd in 1970

—>  decouple form of data from physical storage! 

Edgar F. Codd

Turing Award, 1981

Information Retrieval P. BAXENDALE, Editor 

A Relational Model of Data for 
Large Shared Data Banks 

E. F. CODD 
IBM Research Laboratory, San Jose, California 

Future users of large data banks must be protected from 
having to know how the data is organized in the machine (the 
internal representation). A prompting service which supplies 
such information is not a satisfactory solution. Activities of users 
at terminals and most application programs should remain 
unaffected when the internal representation of data is changed 
and even when some aspects of the external representation 
are changed. Changes in data representation will often be 
needed as a result of changes in query, update, and report 
traffic and natural growth in the types of stored information. 

Existing noninferential, formatted data systems provide users 
with tree-structured files or slightly more general network 
models of the data. In Section 1, inadequacies of these models 
are discussed. A model based on n-ary relations, a normal 
form for data base relations, and the concept of a universal 
data sublanguage are introduced. In Section 2, certain opera- 
tions on relations (other than logical inference) are discussed 
and applied to the problems of redundancy and consistency 
in the user’s model. 

KEY WORDS AND PHRASES: data bank, data base, data structure, data 
organization, hierarchies of data, networks of data, relations, derivability, 

redundancy, consistency, composition, join, retrieval language, predicate 
calculus, security, data integrity 

CR CATEGORIES: 3.70, 3.73, 3.75, 4.20, 4.22, 4.29 

1. Relational Model and Normal Form 

1 .I. INTR~xJ~TI~N 
This paper is concerned with the application of ele- 

mentary relation theory to systems which provide shared 
access to large banks of formatted data. Except for a paper 
by Childs [l], the principal application of relations to data 
systems has been to deductive question-answering systems. 
Levein and Maron [2] provide numerous references to work 
in this area. 

In contrast, the problems treated here are those of data 
independence-the independence of application programs 
and terminal activities from growth in data types and 
changes in data representation-and certain kinds of data 
inconsistency which are expected to become troublesome 
even in nondeductive systems. 

Volume 13 / Number 6 / June, 1970 

The relational view (or model) of data described in 
Section 1 appears to be superior in several respects to the 
graph or network model [3,4] presently in vogue for non- 
inferential systems. It provides a means of describing data 
with its natural structure only-that is, without superim- 
posing any additional structure for machine representation 
purposes. Accordingly, it provides a basis for a high level 
data language which will yield maximal independence be- 
tween programs on the one hand and machine representa- 
tion and organization of data on the other. 

A further advantage of the relational view is that it 
forms a sound basis for treating derivability, redundancy, 
and consistency of relations-these are discussed in Section 
2. The network model, on the other hand, has spawned a 
number of confusions, not the least of which is mistaking 
the derivation of connections for the derivation of rela- 
tions (see remarks in Section 2 on the “connection trap”). 

Finally, the relational view permits a clearer evaluation 
of the scope and logical limitations of present formatted 
data systems, and also the relative merits (from a logical 
standpoint) of competing representations of data within a 
single system. Examples of this clearer perspective are 
cited in various parts of this paper. Implementations of 
systems to support the relational model are not discussed. 

1.2. DATA DEPENDENCIES IN PRESENT SYSTEMS 
The provision of data description tables in recently de- 

veloped information systems represents a major advance 
toward the goal of data independence [5,6,7]. Such tables 
facilitate changing certain characteristics of the data repre- 
sentation stored in a data bank. However, the variety of 
data representation characteristics which can be changed 
without logically impairing some application programs is 
still quite limited. Further, the model of data with which 
users interact is still cluttered with representational prop- 
erties, particularly in regard to the representation of col- 
lections of data (as opposed to individual items). Three of 
the principal kinds of data dependencies which still need 
to be removed are: ordering dependence, indexing depend- 
ence, and access path dependence. In some systems these 
dependencies are not clearly separable from one another. 

1.2.1. Ordering Dependence. Elements of data in a 
data bank may be stored in a variety of ways, some involv- 
ing no concern for ordering, some permitting each element 
to participate in one ordering only, others permitting each 
element to participate in several orderings. Let us consider 
those existing systems which either require or permit data 
elements to be stored in at least one total ordering which is 
closely associated with the hardware-determined ordering 
of addresses. For example, the records of a file concerning 
parts might be stored in ascending order by part serial 
number. Such systems normally permit application pro- 
grams to assume that the order of presentation of records 
from such a file is identical to (or is a subordering of) the 

Communications of the ACM 377 
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What is so special about RDBMS?

Relational Database Management System (RDBMS)


1. RDBMS are very mature pieces of software!


“relational database”  — coined by Edgar F. Codd in 1970

—>  decouple form of data from physical storage!


—  Oracle, IBM, Microsoft: roots of their RDBMSs are from the 1970s!


—  IBM Db2:  free version for Win / Linux!

      (but has size limitations)


—  Other powerful free RDBMS available, 

      e.g., PostgreSQL, MySQL


Less powerful:  SQLite3

Poll: have you used any of these?
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Note:


All of you should be able to run SQlite3

(needed for some Exercises!)


— install it on your computer

     (available for Android, Linux, Mac OS, Windows, etc)


— install SSH on your computer / phone

    and SSH into any informatics Linux machine 

                                          (e.g., x01, x02, etc)



Michael Stonebreaker

Turing Award 2014

James Gray   (disappeard 2007)

Turing Award 1998





Thorsten Grust (Univ. Tübingen)

Lecture “Advanced SQL”

(from lecture 1):

1 ┆ Welcome""#

!!" to this exploration of advanced aspects of SQL. Your
current mental image of SQL will change during this course
(mine surely did already).

The value — in terms of scientific insight as well as ! —
of knowing the ins and outs of SQL can hardly be
overestimated.

SQL is an remarkably rich and versatile declarative database
and programming language. Let's take a deep dive together!



Thorsten Grust (Univ. Tübingen)

Lecture “Advanced SQL”

(from lecture 1):

1 ┆ Welcome""#

!!" to this exploration of advanced aspects of SQL. Your
current mental image of SQL will change during this course
(mine surely did already).

The value — in terms of scientific insight as well as ! —
of knowing the ins and outs of SQL can hardly be
overestimated.

SQL is an remarkably rich and versatile declarative database
and programming language. Let's take a deep dive together!From Wikipedea (accessed 15.10.2019):


“In 2018, Oracle was the third-largest software company by revenue.”



Stack Overflow Developer Survey (March 2017)

Most Popular Technologies — Programming Languages1

1 https://stackoverflow.com/insights/survey/2017

Thorsten Grust (Univ. Tübingen)

Lecture “Advanced SQL” (from lecture 1):
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What is so special about RDBMS?

Relational Database Management System (RDBMS)


1.  RDBMS are very mature pieces of software!


2.  Despite all these new databases (NoSQL, graph databases, parallel, etc)

     most data today (esp. enterprise data) is stored in RDBMS

    


Technically, what is special about RDBMS?


—  SQL (Standard Query Language)


—  Query Optimization


—  Transaction Management  

Complex Queries

High-Speed Execution

Data Safety

… alas, in this course you only learn about the first topic (SQL)


— course “Datenbanksysteme”  teaches the other two topics. 



Complex Queries
High-Speed Execution

Let’s see some examples.

Why not use Full-Text Search (a la Google) for all queries?


—  which 20 movies won the most Oscars?



you may be lucky  :-)





There is a mistake in

the query.


It causes that one movie is

listed with TOO MANY awards!


Can you spot which movie? 



movieid

There is a mistake in

the query.


It causes that one movie is

listed with TOO MANY awards!


Can you spot which movie? 





Complex Queries
High-Speed Execution

Let’s see some examples.

Why not use Full-Text Search (a la Google) for all queries?


— which 20 movies won the most awards?




  This time we are unlucky    :-(   


  — none of the pages contains

  the information

  (at least not the first 50 links)






Complex Queries
High-Speed Execution

Why not use Full-Text Search (a la Google) for all queries?


—  which 20 movies won the most Oscars?


—  which 20 movies won the most awards?


—  what is the average length of movies made by Werner Herzog?


etc.


Relational Database and 

SQL


offer endlessly more possibilities!



Note:


—  it is easy to export query results into CSV files


—  results can then be displayed graphically


Offers convenient data analytics platform.



How many movies per year, from year 2000 onwards?





Example Database:  Publications in Computer Science




Complex Queries
High-Speed Execution

RDBMS + graphical display (e.g., gnuplot, python, R, etc)  

= powerful data analytics platform

#publications in computer science



Claim:


In the early years the names of authors always appeard alphabetically.


(because this is common in mathematics, and computer science

was scientifically initiated from within mathematics)


Over time this has changed and been inverted.


(because computer science became more and more an

engineering field;

in engineering it is common to order the names of authors

according to certain rules)



Claim:


In the early years the names of authors always appeard alphabetically.


(because this is common in mathematics, and computer science

was scientifically initiated from within mathematics)


Over time this has changed and been inverted.


(because computer science became more and more an

engineering field;

in engineering it is common to order the names of authors

according to certain rules)

—  is this TRUE of FALSE?
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Complex Queries
High-Speed Execution

RDBMS + graphical display (e.g., gnuplot, python, R, etc)  

= powerful data analytics platform

alphabetical author list (percentage)



Complex Queries
High-Speed Execution

Build the “Co-Author Graph”:

select distinct w.aid,ww.aid 
from writtenBy w join writtenBy ww on w.pid=ww.pid 
Where not(w.aid=ww.aid);
Run Time: real 605.125 user 267.468000 sys 319.000000

create table CA(aid int, cid int);

insert into CA ( Q1 );



The co-author graph is a typicall 

“collaboration network”


It follows certain power laws!


(e.g., a “popular” author with many co-authors will

become more and more popular over time)



1955



1960



1965



1970



1975



1980



1990



1995



3. Power Law
Plot the Degree Distribution.
R:  plot(nCA[,1],nCA[,2])



3. Power Law
Does it follow a “power law”?

y =  axb 

E.g. Zipf-distribution (b = -1)

 take log(.)

log(y) = log(a) + b log(x)

→  draw x and y on a log-scale (  Y := log(y)  and  X := log(x)  )

Y = log(a) + bX

a line



3. Power Law
Plot the Degree Distribution.
R: plot(log(nCA[,1]),log(nCA[,2]))

Yes!!


— this is almost a line.


So it does follow a

Power Law!



Small World:  6 degrees of separation


“I read somewhere that everybody on this planet is separated by 

only six other people. Six degrees of separation. Between us 

and everybody else on this planet. The president of the 

United States. A gondolier in Venice. fill in the names. I find that 

A) tremendously comforting that we're so close and 

B) like Chinese water torture that we're so close. Because you 

have to find the right six people to make the connection. It's not 

just big names. It's anyone. A native in a rain forest. A Tierra 

del Fuegan. An Eskimo. I am bound to everyone on this planet by 

a trail of six people. It's a profound thought. How Paul found us. 

How to find the man whose son he pretends to be. Or perhaps is 

his son, although I doubt it. How every person is a new door, 

opening up into other worlds. Six degrees of separation between 

me and everyone else on this planet. But to find the 


right six people.” 

John Guare





1.  Overview of Database Systems


—  the following slides are from

      Jens Teubner’s 2018 lecture “Information Systems” (TU Dortmund)


—  you can access the slides here:


http://dbis.cs.tu-dortmund.de/cms/en/teaching/ss18/infosys/slides/overview.pdf

Kurs Datenbankgrundlagen

und Modellierung


