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! Relational schema

PROJECT

NUMBER     NAME      LOCATION

WORKS-ON

ESSN   PNUMB      HRSPW

EMPLOYEE

SSN     NAME       ADDRESS   SALARY

- A set of relations, or tables with a 
name

- The names of the columns are the 
names of the attributes

Relational model
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! Example database:  Set of instances

SSN     NAME     ADDRESS SALARY

ESSN   PNUMB     HRSPW

WORKS-ON

PROJECT NUMBER   NAME     LOCATION

EMPLOYEE

e1         john       Athens    300000

e3         mary Patras     450000

e4         jack         Athens     145000

p1             xyz Rhodes
p2             rty Athens
p4             hju Patras
p5             ytu Rhodes

e1           p1            10
e1           p2            15
e1           p5            30
e3           p4            20
e4           p4            40
e3           p2            25

Relational model
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Relational model:  Actions

! Actions/ Functions/ Operations
! They are distinguished as (a) Modifications,  (b) Retrievals

! The set of actions in the Relational Model is closed, i.e. actions are 
defined on relations and produce relations

! MODIFY
! INSERT a tuple
! DELETE a tuple
! UPDATE a tuple

! The integrity constraints should be preserved with the execution of a 
modification action.  That is why modifications may cause the 
execution of additional modifications.
! E.g., when a tuple of EMPLOYEE is deleted, the tuples in 

WORKS_ON  that have the same value in SSN are also deleted
(non-existent employees should not work on projects)
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Relational model: informal definition

! Proposed in 1970  by E.F. Codd (“A relational model for large shared 
data banks”, CACM), as a Theory of Data Model

! It was the motivation and the inspiration for many research efforts and 
ended up to be the most popular model. 

! Today most DBMSs are relational (RDBMSs) and are available for all 
operating systems.
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! A relational database is a set of relations
! Relation: 

! A table of values
! Every column has a name and is called an attribute
! Every row is a called a tuple and represents the characteristics of 

an entity in the model

! From Codd’s book: The Relational Model for Database Management:

Relational model: informal definition

• C HA P T E R  1 • 

In tro d u c tio n  to  Ve rs io n  2 

o f th e  R e la tio n a l Mo d e l 

1 .1  • Wh a t Is  a R e la tio n ?  

The  word  "re la tio n " is  us e d  in Englis h  a nd  o th e r na tu ra l la ngua ge s  withou t 
conce rn  fo r pre c is e  communica tion .  E ve n  in d ic tiona rie s  tha t a tte m p t to  be  
pre c is e , the  de fin itions  a re  qu ite  loos e , une conomica l,  a nd  a mbiguous . The 
Oxford English Dictionary de vote s  a  whole  pa ge  o f s ma ll p rin t to  the  wo rd  
"re la tio n ." A s ma ll pa rt o f the  de s crip tion  is  a s  follows : 

Tha t fe a tu re  o r a ttribu te  o f th ings  which is  invo lve d  in cons ide ring  
th e m  in compa ris on  o r con tra s t with  e a ch  o the r; the  pa rticu la r wa y 
in which  one  th ing  is  though t of in conne xion  with  a n o th e r; a ny 
conne xion , c o rre s p o n d e n c e ,  o r a s s oc ia tion , which ca n be  conce ive d  
a s  na tu ra lly e xis ting b e twe e n  things . 

O n  the  o th e r ha nd ,  ma th e ma tic ia n s  a re  c o n c e rn e d  with  pre c is e  com- 
mun ica tion ,  a  ve ry high le ve l o f a bs tra c tion , a nd  the  e c o n o m y of e ffo rt tha t 
s te ms  from ma king  de fin itions  a nd  th e o re m s  a s  ge ne ra l a s  pos s ible . A s pe cia l 
conce rn  is  tha t o f a void ing  the  n e e d  for s pe cia l tre a tm e n t o f s pe cia l ca s e s  
e xce p t whe n  a bs o lu te ly ne ce s s a ry. The  ge ne ra lly a cce p te d  de fin ition  of a  
re la tion  in ma the ma tic s  is  a s  follows : 

G ive n  s e ts  S 1, $ 2 , . . . ,  S n (no t ne ce s s a rily d is tinc t), R is  a  re la tion  
on  the s e  n s e ts  if it is  a  s e t of n -tup le s , the  firs t c o m p o n e n t of which  
is  d ra wn  from $1, the  s e cond  c o m p o n e n t from $2, a nd  s o on . 

2 • In tro d u c tio n  to  Ve rs ion  2 of th e  Re la tio na l Mo de l 

Mo re  concis e ly, R is  a  s ubs e t of the  Ca rte s ia n  p roduc t $1 × $2 x . . . 
× S n. (For more  in fo rma tion ,  s e e  C h a p te r 4.) Re la tion  R is  s a id to be  of 
degree  n. Ea ch  of the  s e ts  S 1, $2, . . . ,  S n on  which one  or more  re la tions  
a re  de fine d  is  ca lle d a  dom ain. 

It is  im p o rta n t to  no te  tha t a  ma the ma tica l re la tion  is  a  s e t with  s pe cia l 
p rope rtie s .  Firs t, a ll of its  e le me n ts  a re  tuple s , a ll o f the  s a me  type . S e cond , 
it is  a n u n o rd e re d  s e t. This  is  jus t wha t is  n e e d e d  for comme rc ia l da ta ba s e s ,  
s ince  ma n y of the  re la tions  in s uch da ta ba s e s  a re  e a ch  like ly to  ha ve  thou- 
s a nds  of tup le s , s ome time s  millions . In  s e ve ra l re ce ntly de ve lope d  da ta ba s e s ,  
the re  a re  two th o u s a n d  millions  of tuple s . In  s uch c ircums ta nce s , us e rs  
s hould  no t be  b u rd e n e d  with  e ithe r the  n u m b e rin g  or the  o rde ring  of tuple s . 

The  re la tiona l mode l de a ls  with  tuple s  by the ir in fo rma tion  con te n t,  no t 
by me a ns  e xtra ne ous  to  the  tuple s  s uch a s  tup le  n u mb e rs ,  tup le  ide ntifie rs , 
o r s to ra ge  a ddre s s e s . The  mode l a ls o a voids  bu rde n ing  us e rs  with  ha ving  to  
re m e m b e r which tup le s  a re  ne xt to  which, in a ny s e ns e  of "n e xtn e s s ." 

As  one  cons e que nce  of a dop ting  re la tions  a s  the  us e r's  pe rce p tion  of 
the  wa y the  da ta  is  o rga n ize d , a pp lica tion  p rog ra ms  be come  in d e p e n d e n t of 
a ny o rde ring  of tup le s  in s to ra ge  tha t might be  in e ffe ct a t s ome  time . This  
e na ble s  the  s to re d  o rde ring  of tup le s  to  be  cha nge d  wh e n e ve r ne ce s s a ry 
withou t a dve rs e ly a ffe cting the  corre c tne s s  of a pp lica tion  p rogra ms . 

Cha nge s  in the  s to re d  o rde ring  ma y ha ve  to  be  ma d e  for a  va rie ty of 
re a s ons . F o r e xa mple ,  the  p a tte rn  of tra ffic  on  the  da ta ba s e  ma y cha nge , 
a nd  cons e que n tly the  o rde ring  p re vious ly a d o p te d  ma y no longe r be  the  
mos t s u ita ble  for ob ta in ing  g o o d  pe rfo rma nce .  

A ma the ma tica l re la tion  ha s  one  p ro p e rty tha t s ome  pe op le  cons ide r 
coun te r-in tu itive ,  a nd  tha t doe s  no t a ppe a r to  be  cons is te n t with  the  de fi- 
n ition  in The  Oxford Englis h Dictionary. This  p ro p e rty is  tha t a  una ry 
re la tion  (de gre e  one ) ca n con fo rm to  this  de fin ition . Thus , a  ma the ma tica l 
re la tion  of de gre e  g re a te r tha n  one  doe s  in te r-re la te  two or mo re  ob je c ts ,  
while  a  ma the ma tica l re la tion  of de gre e  one  doe s  no t. In  s ome  ca s e s , 
in tu ition  ca n be  a  p o o r guide . In  a ny e ve n t,  wh e th e r the  conce p t of a  
una ry re la tion  is  coun te r-in tu itive  or no t,  ma the ma tic ia ns  a n d  compu te r- 
o rie n te d  pe op le  do  no t like  to  tre a t it a ny d iffe re ntly from re la tions  of h ighe r 
de gre e . 

In  a pplying  compu te rs  e ffe ctive ly (whe the r in s cie nce , e ng ine e ring , e d- 
uca tion , o r comme rce ) the re  is , o r s hou ld  be , a  s imila r conce rn  for pre cis e  
commun ica tion ,  a  h igh le ve l of a bs tra c tion , a nd ge ne ra lity. If one  is  no t 
ca re ful, howe ve r,  the  de gre e  of ge ne ra lity ca n s ome time s  be  pu rs ue d  b e yo n d  
wha t is  n e e d e d  in pra c tice , a nd  this  ca n ha ve  cos tly cons e que nce s . 

A re la tion  R in the  re la tiona l mode l is  ve ry s imila r to  its  c o u n te rp a rt in 
ma the ma tic s .  Wh e n  conce ive d  a s  a  ta b le ,  R ha s  the  fo llowing p rope rtie s : 

• e a ch  row re pre s e n ts  a  tup le  of R; 
• the  o rde ring  of rows  is  imma te ria l; 
• a ll rows  a re  dis tinct from one  a n o th e r in con te n t.  
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Relation example

attributes
(or columns)

tuples
(or rows)
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Relation example

.

Account
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Attribute Types

! The set of allowed values for each attribute is called the domain
of the attribute

! Attribute values are (normally) required to be atomic; that is, 
indivisible

! The special value null is a member of every domain. Indicated 
that the value is “unknown”

! The null value causes complications in the definition of many 
operations
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Relational model: formal definition*

! A1, A2, …, An are attributes

! R = (A1, A2, …, An ) is a relation schema

Example:

instructor = (ID,  name, dept_name, salary)

! Formally, given sets D1, D2, …. Dn a relation r is a subset of 
D1 x  D2 x … x Dn

Thus, a relation is a set of n-tuples (a1, a2, …, an) where each ai Î Di

! The current values (relation instance) of a relation are specified by 
a table

! An element t of r is a tuple, represented by a row in a table

* From the Database Systems Concepts Book
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Relations are unordered

! Order of tuples is irrelevant (tuples may be stored in an arbitrary order)
! Example: instructor relation with unordered tuples
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Relation example - definition

customer-name = {Jones, Smith, Curry, Lindsay}
customer-street = {Main, North, Park}
customer-city = {Harrison, Rye, Pittsfield}

Then r = {  

(Jones, Main, Harrison), 
(Smith, North, Rye),
(Curry, North, Rye),
(Lindsay, Park, Pittsfield)

}
is a relation instance in customer-name x customer-street x customer-city
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Relation

Jones
Smith
Curry

Lindsay

customer-name

Main
North
North
Park

customer-street

Harrison
Rye
Rye

Pittsfield

customer-city

customer

attributes
(or columns)

tuples
(or rows)
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Characteristics of relations

! The order of attributes in a relation is important
! The order of tuples in a relation is not important
! Every tuple is stored only once in a relation (set)
! A value may appear multiple times in a column and is atomic - this is 

frequently referred to as First Normal Form (1-NF) relation
! The symbol for the value of attribute Ai for a tuple t is:

t[Ai] = vi
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Structural constraints
! Inherent constraints

" Κeys
4The key is a property of the Relational Schema and not the Relation, 

which means that it holds for all instances of the schema, i.e. all 
possible such relations (Entity integrity)

" Referential integrity – based on foreign keys
! Explicitly declared constraints

" Domain constraints
" Attribute constraints
" User-defined constraints
" Other explicit constraints, e.g. functional dependencies



©Silberschatz, Korth and Sudarshan2.17Database System Concepts - 6th Edition

Key constraints

! Let us assume K Í R

! K is a superkey of the relational schema R if the values of K are enough 
to identify a unique tuple for every possible relation r(R)
! E.g.:  {customer-name, customer-street} and {SSN} are superkeys of 

Customer
! A candidate key K is a minimal superkey (or else key) (i.e. there is no 

subset of K that is a superkey).  Το Κ is also usually called a key.
! E.g. SSN is a candidate key for Customer, but {SSN, NAME} is not

! A primary key PK is one of the candidate keys that is agreed that it will 
be the identifier for the tuples of a relation (primary keys are underlined)
! E.g. SSN is the PK for EMPLOYEE.
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Integrity Constraints

! The primary key PK in the relational schema R cannot have NULL 
values in the tuples of a relation r(R).

t[PK]  ¹ NULL,  for every t in r(R)

" The reason is that the key is an identifier
" Other attributes in R may be constrained so that they cannot have 

NULL values. This is done with explicit constraints.
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Referential Integrity Constraints

! This constraint involves TWO relations and is used to ensure the consistency 
with a relationship set between tuples of the two relations.

! The most common form of the constraint is that of foreign keys.

" A foreign key FK is a set of attributes in a relation schema R1 that is the 
primary key in another relation schema R2.
A tuple t1  in r(R1) is said that it refers to another tuple t2 in r(R2), if:

t1[FK] = t2[FK]
e.g., EMPLOYEE ( SSN, Name, BirthDate, Address, Sex, Salary, DNumber)

PROJECT ( PNumber, PName, Location, DNumber)
WORKS_ON ( SSN, PNumber, HoursPW)
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Domain Constraints

! These are the rules that are defined by the domain and are inherited by 
the attributes that take values from the domain.
" The domain can be defined together with integrity constraints 

(e.g. the domain of integers with all the constraints for 
integers). These are different basic data types.
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Attribute Constraints
! These are additional constraints to the constraints of the domain and 

refer to the values of the attributes.
" E.g., an attribute about small integers or integers 

between 1 and 10, etc. may have additional constraints to 
those of integers
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User-defined Constraints

! Every constraint beyond the ones mentioned before is called user-
defined.  

! The support of business rules necessitates integrity constraints that 
have significant complexity

! These are defined either procedurally or declaratively
! A series of mechanisms are used in order to support such constraints 

in a relational system:  
" stored procedures, triggers, methods (for object-oriented systems)

! An important group of constraints is that of semantic integrity 
constraints

! In general DBMSs are weak in the support of such constraints
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Database for a Bank

branch (branch-name, branch-city, assets) 
customer (customer-name, customer-street, 
customer-city) 
account (account-number, branch-name, balance) 
loan (loan-number, branch-name, amount)
depositor (customer-name, account-number)
borrower (customer-name, loan-number)
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Relational model for a Bank
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Branch Relation
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Borrower Relation
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Loan Relation
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2.5 Relational Query Languages 47

ID
course_id
sec_id
semester
year
grade

ID
name
dept_name
tot_cred

building
room_number
capacity

s_id
i_id

ID
course_id
sec_id
semester
year

takes

section

classroom

teaches

prereq
course_id
prereq_id

course_id
title
dept_name
credits

course

student

dept_name
building
budget

department

instructor
ID
name
dept_name
salary

advisor

time_slot
time_slot_id
day
start_time
end_time

course_id
sec_id
semester
year
building
room_number
time_slot_id

Figure 2.9 Schema diagram for the university database.

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 imperative, functional, or declarative.
In an imperative query language, the user instructs the system to perform a specific
sequence of operations on the database to compute the desired result; such languages
usually have a notion of state variables, which are updated in the course of the compu-
tation.

In a functional query language, the computation is expressed as the evaluation of
functions that may operate on data in the database or on the results of other functions;
functions are side-effect free, and they do not update the program state.3 In a declara-
tive query language, the user describes the desired information without giving a specific
sequence of steps or function calls for obtaining that information; the desired informa-
tion is typically described using some form of mathematical logic. It is the job of the
database system to figure out how to obtain the desired information.

3The term procedural language has been used in earlier editions of the book to refer to languages based on procedure
invocations, which include functional languages; however, the term is also widely used to refer to imperative languages.
To avoid confusion we no longer use the term.

Schema Diagram for University Database
Same figure from the 7th edition
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