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Basic Operators Covered



Renaming

• If two relations have the same attribute, disambiguate the 
attributes by prefixing the attribute with the name of the 
relation it belongs to.

• How do we answer the query “Name pairs of students who 
live at the same address”?    Students(Name, Address)
– We need to take the cross-product of Students with itself?

– How do we refer to the two “copies” of Students?

– Use the rename operator.

RA:   : give R the name S; R has n attributes, which are 
called A1,A2, . . . ,An in S

SQL: Use the AS keyword in the FROM clause: Students AS Students1 
renames Students to Students1.

SQL: Use the AS keyword in the SELECT clause to rename attributes.


S (A1,A2, . . . An) 

(R)



Q5: Find the names of sailors who 
have reserved a red or a green boat

Reserves(sid, bid, day)              Sailors(sid, sname, rating, age)

Boats(bid, bname, color)

• Solution:

πsname(σcolor=‘red’ or color = ‘green’ Boats ∞ Reserves ∞ Sailors)

Reserves(sid, bid, day)              Sailors(sid, sname, rating, age)

Boats(bid, bname, color)



Q6: Find the names of sailors who 
have reserved a red and a green boat

Reserves(sid, bid, day)              Sailors(sid, sname, rating, age)

Boats(bid, bname, color)

• Solution:
πsname(σcolor=‘red’ and color = ‘green’ Boats ∞ Reserves ∞ Sailors)

Reserves(sid, bid, day)              Sailors(sid, sname, rating, age)

Boats(bid, bname, color)

A ship cannot have TWO colors at the same time

πsname(σcolor=‘red’ Boats ∞ Reserves ∞ Sailors) 

∩ 

πsname(σcolor = ‘green’ Boats ∞ Reserves ∞ Sailors)



Basic SQL Query

SELECT [DISTINCT]  target-list
FROM relation-list
WHERE qualification;

• Relation-list: A list of relation names (possibly with range-
variable after each name).

• Target-list: A list of attributes of relations in relation-list
• Qualification: conditions on attributes
• DISTINCT: optional keyword for duplicate removal.

– Default = no duplicate removal!
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Representing “Multiplicity”

• Show a many-one relationship by an arrow entering 
the “one” side.       

• Show a one-one relationship by arrows entering both 
entity sets.

• In some situations, we can also assert “exactly one,” 
i.e., each entity of one set must be related to exactly 
one entity of the other set.  To do so, we use a 
rounded arrow.

Many              One

One                One

) Exactly One
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Triviality of FDs



Boyce-Codd Normal Form



Closures of FDs vs. Closures of Attributes



Checking for BCNF Violations



Decomposition into BCNF



Decomposing Courses



Decomposing Courses



Third Normal Form (3NF)
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Definition of MVD

• A multivalued dependency (MVD)       X ->->Y 
is an assertion that if two tuples of a relation 
agree on all the attributes of X, then their 
components in the set of attributes Y may be 
swapped, and the result will be two tuples 
that are also in the relation.
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Definition of MVD



Example

t

v

u
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MVD Rules

• Every FD is an MVD

– If X ->Y, then swapping Y ’s between two tuples that 
agree on X doesn’t change the tuples.

– Therefore, the “new” tuples are surely in the 
relation, and we know X ->->Y.

• Definition of keys depend on FDs and not MDs
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4NF Definition

• A relation R is in 4NF if whenever  X ->->Y is 
a nontrivial MVD, then X is a superkey.

– Nontrivial means that:

1. Y is not a subset of X, and

2. X and Y are not, together, all the attributes.

– Note that the definition of “superkey” still 
depends on FD’s only.
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Decomposition and 4NF

• If X ->->Y is a 4NF violation for relation R, we 
can decompose R using the same technique 
as for BCNF.

1. XY is one of the decomposed relations.

2. All but Y – X is the other.
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Example

Drinkers(name, addr, phones, beersLiked)

FD: name -> addr

MVD’s: name ->-> phones

name ->-> beersLiked

• Key is 

– {name, phones, beersLiked}.

• Which dependencies violate 4NF ? 

– All 
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Example, Continued

• Decompose using name -> addr:

1. Drinkers1(name, addr)

 In 4NF, only dependency is name -> addr.

2. Drinkers2(name, phones, beersLiked)

 Not in 4NF.  MVD’s name ->-> phones and 
name ->-> beersLiked apply.  

 Key ? 

 No FDs, so all three attributes form the key.
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Example: Decompose Drinkers2

• Either MVD name ->-> phones or  name ->-> 
beersLiked tells us to decompose to:

– Drinkers3(name, phones)

– Drinkers4(name, beersLiked)



Midterm Points Distribution

• In Order of Point Percentage

– FDs, MDs, Normalization

– Relational Algebra and SQL

– ER Modeling


