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Example  of  a  Relation	

attributes

(or columns)

tuples
(or rows)

Relation	
  Schema:	
  	
  instructor(ID,	
  name,	
  dept_name,	
  salary)	
  
	




Terminology	

Q. What is a superkey? 
A.  A set of one or more attributes that uniquely 

identify a tuple in the relation.   

Q. What is a candidate key? 
A.  A minimal super key. 

Q. What is a primary key? 
A. A candidate key chosen to distinguish between 
tuples. 



Foreign  Keys	
	

A set of attributes in a relation (table) that is a primary 
key in another relation.  
 
instructor(ID,	
  name,	
  dept_name,	
  salary)	
  	
  
department(dept_name,	
  building,	
  budget)	
  
teaches(ID,	
  course_id,	
  sec_id,	
  semester,	
  year)	
  
 
 The primary keys are underlined. 
 
Q. What are the foreign keys for this set of relations? 
A.  dept_name	
  in	
  instructor	
  
	
  	
  	
  	
  	
  	
  	
  	
  ID	
  in	
  teaches	
  
 
	
  
	
  
 



Foreign  Keys	
	

A set of attributes in a relation (table) that is a primary 
key in another relation.  
	
  
instructor(ID,	
  name,	
  dept_name,	
  salary)	
  	
  
department(dept_name,	
  building,	
  budget)	
  
teaches(ID,	
  course_id,	
  sec_id,	
  semester,	
  year)	
  
 
The primary keys are underlined. 
 
We say ID from teaches references instructor. 
 
teaches is the referencing relation. 
instructor is the referenced relation. 
 
	
  
	
  
 



Basic  Schema  Constraints	

Foreign Key Constraint   

A foreign key value in one relation must appear in the 
referenced relation. 

 
Example: 

teaches(ID,	
  course_id,sec_id,	
  semester,	
  year) 
section(course_id,	
  sec_id,	
  semester,	
  year,	
  building,	
  	
  

	
  room_number,	
  time_slot_id)	
  	
  
	
  

Q. What might be a foreign key constraint? 
A. course_id,sec_id,	
  semester,	
  year	
  	
  in teaches has a foreign key 
constraint on section. 



Basic  Schema  Constraints	

Referential Integrity Constraint 

Values appearing in specified attributes of any tuple in 
the referencing relation, appear in specified attributes 
of at least one tuple in the referenced relation. 

 
Example: 

teaches(ID,	
  course_id,sec_id,	
  semester,	
  year) 
section(course_id,	
  sec_id,	
  semester,	
  year,	
  building,	
   	
  

	
  room_number,	
  time_slot_id)	
  	
  
	
  

Q. What might be a referential integrity constraint here? 
 
A. If a section with (course_id,	
  sec_id,	
  semester,	
  year) exists we 
want there to be someone to teach it so there must be a 
teaches(ID,	
  course_id,	
  sec_id,	
  semester,	
  year)	
  
 



Schema  Diagrams	

We can depict foreign key constraints and primary 
keys u sing a schema diagram. 
 
 
 
 
 
The relation is in light blue.  
Primary keys are underlined. 
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Figure 2.8 Schema diagram for the university database.

Referential integrity constraints other than foreign key constraints are not
shown explicitly in schema diagrams. We will study a different diagrammatic
representation called the entity-relationship diagram later, in Chapter 7. Entity-
relationship diagrams let us represent several kinds of constraints, including
general referential integrity constraints.

Many database systems provide design tools with a graphical user interface
for creating schema diagrams. We shall discuss diagrammatic representation of
schemas at length in Chapter 7.

The enterprise that we use in the examples in later chapters is a university.
Figure 2.9 gives the relational schema that we use in our examples, with primary-
key attributes underlined. As we shall see in Chapter 3, this corresponds to the
approach to defining relations in the SQL data-definition language.

2.5 Relational Query Languages

A query language is a language in which a user requests information from the
database. These languages are usually on a level higher than that of a standard
programming language. Query languages can be categorized as either procedural
or nonprocedural. In a procedural language, the user instructs the system to
perform a sequence of operations on the database to compute the desired result.
In a nonprocedural language, the user describes the desired information without
giving a specific procedure for obtaining that information.
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Referential integrity constraints other than foreign key constraints are not
shown explicitly in schema diagrams. We will study a different diagrammatic
representation called the entity-relationship diagram later, in Chapter 7. Entity-
relationship diagrams let us represent several kinds of constraints, including
general referential integrity constraints.

Many database systems provide design tools with a graphical user interface
for creating schema diagrams. We shall discuss diagrammatic representation of
schemas at length in Chapter 7.

The enterprise that we use in the examples in later chapters is a university.
Figure 2.9 gives the relational schema that we use in our examples, with primary-
key attributes underlined. As we shall see in Chapter 3, this corresponds to the
approach to defining relations in the SQL data-definition language.

2.5 Relational Query Languages

A query language is a language in which a user requests information from the
database. These languages are usually on a level higher than that of a standard
programming language. Query languages can be categorized as either procedural
or nonprocedural. In a procedural language, the user instructs the system to
perform a sequence of operations on the database to compute the desired result.
In a nonprocedural language, the user describes the desired information without
giving a specific procedure for obtaining that information.
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Relational  Operations	

We have a set of tables or relations. 
 
Now what? How do we get information from them? 
 
We perform queries. 
 
Simple Query: 
 

select	
  tuples	
  from	
  a	
  relation	
  satisfying	
  a	
  predicate	
  
 
Results in a new relation that is a subset of the original. 
 
Why is it useful that the result Is a relation?  



Selection	

Notation is σp(x).	
  
	
  
p	
  is	
  the	
  selection	
  predicate	
  	
  
x	
  is	
  the	
  relation

p	
  is	
  a	
  boolean	
  formula	
  of	
  terms	
  and	
  connectives.	
  
	
  
Connectives:	
  ∧	
  (and),	
  ∨	
  (or),	
  ~	
  (not)	
  
Operators:	
  <,	
  >,	
  ≤,	
  ≥,	
  =,	
  ≠	
  
Terms:	
  

o  attribute	
  operator	
  attribute	
  
o  attribute	
  operator	
  constant	
  



Selection	

Notation is σp(x).	
  

  σsalary >= 85000(instructor) 
 
 
 

   
 

    
Select the tuples with attribute salary at least 85000 
from the instructor relation. 
 
 

40 Chapter 2 Introduction to the Relational Model

ID name dept name salary

10101 Srinivasan Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
22222 Einstein Physics 95000
32343 El Said History 60000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 62000
76543 Singh Finance 80000
76766 Crick Biology 72000
83821 Brandt Comp. Sci. 92000
98345 Kim Elec. Eng. 80000

Figure 2.1 The instructor relation.

the relationship between a specified ID and the corresponding values for name,
dept name, and salary values.

In general, a row in a table represents a relationship among a set of values.
Since a table is a collection of such relationships, there is a close correspondence
between the concept of table and the mathematical concept of relation, from which
the relational data model takes its name. In mathematical terminology, a tuple is
simply a sequence (or list) of values. A relationship between n values is repre-
sented mathematically by an n-tuple of values, i.e., a tuple with n values, which
corresponds to a row in a table.

course id title dept name credits

BIO-101 Intro. to Biology Biology 4
BIO-301 Genetics Biology 4
BIO-399 Computational Biology Biology 3
CS-101 Intro. to Computer Science Comp. Sci. 4
CS-190 Game Design Comp. Sci. 4
CS-315 Robotics Comp. Sci. 3
CS-319 Image Processing Comp. Sci. 3
CS-347 Database System Concepts Comp. Sci. 3
EE-181 Intro. to Digital Systems Elec. Eng. 3
FIN-201 Investment Banking Finance 3
HIS-351 World History History 3
MU-199 Music Video Production Music 3
PHY-101 Physical Principles Physics 4

Figure 2.2 The course relation.

Instructor  Relation	




Selection	

Notation is σp(x).	
  

  σsalary >= 85000(instructor) 
 
 
 
 
Select the tuples with attribute salary at least 85000 
from the instructor relation. 
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ID name dept name salary

12121 Wu Finance 90000
22222 Einstein Physics 95000
33456 Gold Physics 87000
83821 Brandt Comp. Sci. 92000

Figure 2.10 Result of query selecting instructor tuples with salary greater than $85000.

structor). For example, if we select tuples from the instructor relation of Figure 2.1,
satisfying the predicate “salary is greater than $85000”, we get the result shown in
Figure 2.10.

Another frequent operation is to select certain attributes (columns) from a
relation. The result is a new relation having only those selected attributes. For
example, suppose we want a list of instructor IDs and salaries without listing
the name and dept name values from the instructor relation of Figure 2.1, then the
result, shown in Figure 2.11, has the two attributes ID and salary. Each tuple in
the result is derived from a tuple of the instructor relation but with only selected
attributes shown.

The join operation allows the combining of two relations by merging pairs of
tuples, one from each relation, into a single tuple. There are a number of different
ways to join relations (as we shall see in Chapter 3). Figure 2.12 shows an example
of joining the tuples from the instructor and department tables with the new tuples
showing the information about each instructor and the department in which she
is working. This result was formed by combining each tuple in the instructor
relation with the tuple in the department relation for the instructor’s department.

In the form of join shown in Figure 2.12, which is called a natural join, a tuple
from the instructor relation matches a tuple in the department relation if the values

ID salary

10101 65000
12121 90000
15151 40000
22222 95000
32343 60000
33456 87000
45565 75000
58583 62000
76543 80000
76766 72000
83821 92000
98345 80000

Figure 2.11 Result of query selecting attributes ID and salary from the instructor relation.



Projection	

Symbol is Π

Selection of attributes. 
 

  Π ID,	
  salary(instructor) 
 
 
 
 
Select all tuples from the instructor relation with attributes 
ID and salary. 
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the relationship between a specified ID and the corresponding values for name,
dept name, and salary values.
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Projection	

Symbol is Π

Selection of attributes. 
 

  Π ID,	
  salary(instructor) 
 
 
 
 
Select all tuples from the instructor relation with attributes 
ID and salary. 
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structor). For example, if we select tuples from the instructor relation of Figure 2.1,
satisfying the predicate “salary is greater than $85000”, we get the result shown in
Figure 2.10.
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Natural  Join	

Combine two relations into a single relation. 
 
The tuples are joined if the attributes common to both 
relations are equal.  

	
   	
  instructor	
  	
  	
  	
  	
  	
  	
  department	
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dept name building budget

Biology Watson 90000
Comp. Sci. Taylor 100000
Elec. Eng. Taylor 85000
Finance Painter 120000
History Painter 50000
Music Packard 80000
Physics Watson 70000

Figure 2.5 The department relation.

similarly the contents of a relation instance may change with time as the relation
is updated. In contrast, the schema of a relation does not generally change.

Although it is important to know the difference between a relation schema
and a relation instance, we often use the same name, such as instructor, to refer
to both the schema and the instance. Where required, we explicitly refer to the
schema or to the instance, for example “the instructor schema,” or “an instance of
the instructor relation.” However, where it is clear whether we mean the schema
or the instance, we simply use the relation name.

Consider the department relation of Figure 2.5. The schema for that relation is

department (dept name, building, budget)

Note that the attribute dept name appears in both the instructor schema and the
department schema. This duplication is not a coincidence. Rather, using common
attributes in relation schemas is one way of relating tuples of distinct relations.
For example, suppose we wish to find the information about all the instructors
who work in the Watson building. We look first at the department relation to
find the dept name of all the departments housed in Watson. Then, for each such
department, we look in the instructor relation to find the information about the
instructor associated with the corresponding dept name.

Let us continue with our university database example.
Each course in a university may be offered multiple times, across different

semesters, or even within a semester. We need a relation to describe each individ-
ual offering, or section, of the class. The schema is

section (course id, sec id, semester, year, building, room number, time slot id)

Figure 2.6 shows a sample instance of the section relation.
We need a relation to describe the association between instructors and the

class sections that they teach. The relation schema to describe this association is

teaches (ID, course id, sec id, semester, year)



Natural  Join	

The tuples are joined if the attributes common to both 
relations are equal.  

	
   	
  instructor	
  	
  	
  	
  	
  	
  	
  department	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Which	
  common	
  attribute(s)	
  are	
  these	
  relations	
  joined	
  on?	
  	
  
	
  

50 Chapter 2 Introduction to the Relational Model

ID name salary dept name building budget

10101 Srinivasan 65000 Comp. Sci. Taylor 100000
12121 Wu 90000 Finance Painter 120000
15151 Mozart 40000 Music Packard 80000
22222 Einstein 95000 Physics Watson 70000
32343 El Said 60000 History Painter 50000
33456 Gold 87000 Physics Watson 70000
45565 Katz 75000 Comp. Sci. Taylor 100000
58583 Califieri 62000 History Painter 50000
76543 Singh 80000 Finance Painter 120000
76766 Crick 72000 Biology Watson 90000
83821 Brandt 92000 Comp. Sci. Taylor 100000
98345 Kim 80000 Elec. Eng. Taylor 85000

Figure 2.12 Result of natural join of the instructor and department relations.

of their dept name attributes are the same. All such matching pairs of tuples are
present in the join result. In general, the natural join operation on two relations
matches tuples whose values are the same on all attribute names that are common
to both relations.

The Cartesian product operation combines tuples from two relations, but unlike
the join operation, its result contains all pairs of tuples from the two relations,
regardless of whether their attribute values match.

Because relations are sets, we can perform normal set operations on relations.
The union operation performs a set union of two “similarly structured” tables
(say a table of all graduate students and a table of all undergraduate students).
For example, one can obtain the set of all students in a department. Other set
operations, such as intersection and set difference can be performed as well.

As we noted earlier, we can perform operations on the results of queries. For
example, if we want to find the ID and salary for those instructors who have salary
greater than $85,000, we would perform the first two operations in our example
above. First we select those tuples from the instructor relation where the salary
value is greater than $85,000 and then, from that result, select the two attributes
ID and salary, resulting in the relation shown in Figure 2.13 consisting of the ID

ID salary

12121 90000
22222 95000
33456 87000
83821 92000

Figure 2.13 Result of selecting attributes ID and salary of instructors with salary greater
than $85,000.



Cartesian  Product	

This is the cross product of two relations. 
 
Q. What is the cross product of {a, b} and {c, d}? 
A.  {a, b} X {c, d} produces {(a, c), (a, d), (b, c), (b, d)} 

The cross product produces all possible pairs of rows of 
the two relations. 
 
Q. Can you see a problem? 
A. If the two relations have attributes in common, how 
do we tell which relation each attribute is from? 



Cartesian  Product  Example	

Relations  r,  s:	


r  x  s:	




Cartesian  Product  Common  
APributes	


Relations  r,  s:	


r  x  s:	
 s.B 

B

r.B 



Renaming  APributes	

 Allows us to refer to a relation, (say E) by more than one name.
 ρ x (E) 

returns the expression E under the name X

Example.	

Relations  r	


  r  x  ρ  s  (r)	


A	
 B	

a	
 1	


b	
 2	


r.A	
 r.B	
 s.A	
 s.B	

a	
 1	
 a	
 1	

a	
 1	
 b	
 2	

b	
 2	
 a	
 1	

b	
 2	
 b	
 2	




Union	

Relations r, s:

For r ∪ s to be valid.

1.  r, s must have the same arity (same 
number of attributes)

2.  The attribute domains must be 
compatible 

i.e, 2nd column of r deals with the same 
type of values as does the 2nd column of s.

Q. Did you expect there to be 4 rows? r  ∪  s:    	




Difference	

What would you expect them to be? 
 
 
•  Relations r, s:

■  r    –  s:	




Intersection	

•  Relation r, s:

•  r ∩ s

Note:  r  ∩  s  =  r  –  (r  –  s)	



