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Introduction to Database Design 

Today’s lecture 

•  More on data modelling 

•  Introduction to Lufthansa Cargo 
Database 

•  Entity Relationship diagram 

•  Boyce-Codd normal form 
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From  Lecture 2: Data Modeling 



Introduction to Database Design 

From Lecture 3: Normalization 

•  So far: Start from scratch mentatility 

•  ER diagram  
 
Movies(title,year,length,filmType,studioName,starName) 
  
where the length of a movie is repeated 
several times (once for each starName). 

•  Obvious problem: 
Uses more memory than is necessary.  
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Introduction to Database Design 

•  Principled approach to avoiding (or at 
least being aware of) anomalies in a 
database design. 

•  Captures situations where unrelated 
facts are placed in a single relation. 

•  Decompose (split) to avoid anomalies: 
 
Movies(title,year,length,filmType,studioName,starName) 
 

becomes 
 
Movies1(title,year,length,filmType,studioName) 

Movies2(title,year,starName)  
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Recall:  Keys 

•  A candidate key for a relation is a set K of 
its attributes that satisfy: 
–  Uniqueness: The values of the attribute(s) in 

K uniquely identify a tuple.  
–  Minimality: The uniqueness property goes 

away if we remove any attribute from K.  
•  If uniqueness is satisfied the attributes are 

said to form a superkey. 
•  Example: For Movies, 

–  {Title,year,starName} is a candidate key.  
–  {Title,year,starName,length} is a superkey. 
–  {Title, year} is not a key. 
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Recall: Functional dependency (FD) 

•  We say that A (functionally) determines 
B, written A→B, if the value of B is 
always determined by the value(s) of 
A (for any possible relation). 

•  Examples: 
–  cpr → name in Person(cpr,name) 
–  title year → length in Movie 

•  Non-example: 
–  title year → starName does not hold for 
Movie 
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Normalization 

•  First normal form 
– All data value are 

atomic 

•  Second normal form 
– 1NF 
– No non-key attribute 

is partially dependend 
on a candidate key 

•  Third normal form 
– 2NF 
– No non-key attribute 

depends transitively 
on a candidate key 
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Recall: Boyce-Codd Normal Form (BCNF) 

•  A relation R is in BCNF:   
          A1A2A3…An -> B is a FD 

     iff {A1,A2,A3,…,An} is a superkey of R  
•  Example: Movies has the FD 

 title year → length  
where {title,year} is not a superkey. 
– This means that Movies is not in BCNF. 

•  The anomalies we saw in Movies are in 
fact caused by the above FD! 
–  requires us to store the same movie length 

again and again.  
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Recall: Decomposing into BCNF 

•  Suppose relation R is not in BCNF.  
Then there is an FD A1A2…An → B1B2…Bm 
that is not unavoidable. 

•  To eliminate the FD we split R into two 
relations: 
– R1 with all attributes of R except B1B2…Bm. 
– R2 with attributes A1A2…An → B1B2…Bm. Note 

that A1A2…An is a superkey of R2, so a join 
recovers the original relation R. 

•  This process is repeated until all 
relations are in BCNF. 
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BCNF (Summary) 

•  A relation is in 
Boyce-Codd normal 
form if for every FD 
A → B either 
–  B is contained in A 

(the FD is trivial), or 
– A contains a 

candidate key of 
the relation,  

•  In other words: 
every determinant in 
a non-trivial 
dependency is a 
(super) key 

•  The same as 3NF 
except in 3NF we 
only worry about 
non-key Bs 

•  If there is only one 
candidate key then 
3NF and BCNF are 
the same 
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Example 
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Case Study 
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Raw data as CVS File 
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Guidelines 
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Understand Possible Queries! 

•  Can I ship my goods every Thursday? 
•  Is it possible to ship twice a week? 
•  Is enough capacity available? 
•  Can my goods reach a distination 

directly? 
•  How many flights go to Asia? 
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Understand Data! 
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Derive Functional Dependencies 
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Derive Functional Dependencies 

FNR, SNR -> DEP 
FNR, SNR -> ARR 
FNR, SN 
 
RD-> CD 
RA -> CA  
DEP -> RD 
ARR -> RA  
… 
Group work 10 minutes! 
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BCNF normalization 

•  Take the big table and decompose! 

•  Formulate each decomposition 
 
•  Group work 10 minutes 
 
•  Draw ER diagram  
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History Preservation 

 
– Databases are persistant and have state 

– Oerations (such as search, update, delete) 
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History Preservation 

•  Standard evolution of the database 

•  Simulated evolution of the normalized 
database 
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Semantic Transparency 

•  Very difficult to get right 
– Simple case:  

•  Insertion of one record in the original DB  
• May translate into several insertions 

– Complex case: 
•  Complex transaction exist on the original DB 
• How are these transactions translated? 

•  Yet necessary 
– Normalization should be semantically 

transparent 
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Course goal 

 After the course the students should be 
able to: 

•  Use tools so far to transform a live 
database into a new one, while 
reducing redundancy and preserving 
history 
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Next steps… 

•  Exercises from 10:00 as usual. 
•  Will start by a TA presentation of some 

exercises from last week (<15 min.) 
•  Work on the first hand-in 
•  Next week: SQL 
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