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Week 11: Normal Forms

Database Design
Database Redundancies and Anom alies

Funct ional Dependencies
Entailm ent , Closure and Equivalence

Lossless Decom posit ions
The Third Norm al Form  (3NF)

The Boyce-Codd Norm al Form  (BCNF)
Norm al Form s and Database Design
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Logical Database Design

! We have seen how to design a relat ional
schem a by first  designing an ER schem a
and then t ransform ing it  into a relat ional
one.

! Now we focus on how to t ransform  the
generated relat ional schem a into a "bet ter"
one.

! Goodness of relat ional schem as is defined
in term s of the not ion of norm al form .
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Normal Forms and Normalization
! A normal form  is a property of a database schema.
! When a database schema is un-normalized ( that  is,

does not  sat isfy the normal form) , it  allows
redundancies of various types which can lead to
anomalies and inconsistencies.

! Normal forms can serve as basis for evaluat ing the
quality of a database schema and const itutes a useful
tool for database design.

! Normalizat ion is  a procedure that  t ransforms an un-
normalized schema into a normalized one.
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Examples of Redundancy

Employee Salary Project Budget Function
Brown 20 Mars 2 technician
Green 35 Jupiter 15 designer
Green 35 Venus 15 designer

Hoskins 55 Venus 15 manager
Hoskins 55 Jupiter 15 consultant
Hoskins 55 Mars 2 consultant
Moore 48 Mars 2 manager
Moore 48 Venus 15 designer
Kemp 48 Venus 15 designer
Kemp 48 Jupiter 15 manager
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Anomalies
The value of the salary of an em ployee is repeated

in every t uple where the em ployee is m ent ioned,
leading to a redundancy. Redundancies lead to
anom alies:

! I f salary of an em ployee changes, we have to
m odify the value in all corresponding tuples
(update anom aly)

! I f an em ployee ceases to work in projects, but
stays with com pany, all corresponding tuples are
deleted, leading to loss of inform at ion (delet ion
anom aly)

! A new em ployee cannot  be inserted in the
relat ion unt il the em ployee is assigned to a
project  ( insert ion anom aly)
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What’s Wrong???
! We are using a single relat ion to represent  data of

very different  types.
! I n part icular, we are using a single relat ion to store

the  following types of ent it ies, relat ionships and
at t r ibutes:
" Employees and their salaries;
" Projects and their budgets;
" Part icipat ion of employees in projects, along with

their funct ions.
! To set  the problem on a formal foot ing, we int roduce

the not ion of funct ional dependency (FD) .
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Functional Dependencies (FDs)
 in the Example

! Each em ployee has a unique salary. We
represent  this dependency as

Empl oyee !  Sal ar y
and say "Sal ar y funct ionally depends on
Empl oyee" .

! Meaning:   if two tuples have t he sam e
Empl oyee at t r ibute value,  t hey m ust  also
have the sam e Sal ar y at t r ibute value

! Likewise,
Pr oj ect  !  Budget

i.e., each project  has a unique budget
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Functional Dependencies
! Given schema R( X)  and non-empty subsets Y and Z of

the at t r ibutes X, we say that  there is a funct ional
dependency between Y and Z ( Y! Z) , iff for every
relat ion instance r  o f R( X)  and every pair of tuples t 1, t 2
of r ,  if t 1. Y = t 2. Y, then t 1. Z = t 2.Z .

! A funct ional dependency is a statement  about  all
allowable relat ions for a given schema.

! Funct ional dependencies have to be ident ified by
understanding the semant ics of the applicat ion.

! Given a part icular relat ion r 0 of R( X) , we can tell if a
dependency holds or not ;  but  just  because it  holds for
r 0,  doesnÕt  mean that  it  also holds for R( X) !
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Looking for FDs

Employee Salary Project Budget Function
Brown 20 Mars 2 technician
Green 35 Jupiter 15 designer
Green 35 Venus 15 designer

Hoskins 55 Venus 15 manager
Hoskins 55 Jupiter 15 consultant
Hoskins 55 Mars 2 consultant
Moore 48 Mars 2 manager
Moore 48 Venus 15 designer
Kemp 48 Venus 15 designer
Kemp 48 Jupiter 15 manager
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Non-Trivial Dependencies
! A funct ional dependency Y! Z is non- t r ivial i f no

at t r ibute in Z appears among at t r ibutes of Y,  e.g.,

" Empl oyee !  Sal ar y  is non- t r ivial;

" Empl oyee, Pr oj ect  !  Pr oj ect   is t r ivial.

! Anomalies arise precisely for the at t r ibutes which are
involved in (non- t r ivial)  funct ional dependencies:

" Empl oyee !  Sal ar y;

" Pr oj ect  !  Budget .

! Moreover, note that  our example includes another
funct ional dependency:

" Empl oyee, Pr oj ect  !  Funct i on.
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Dependencies Cause Anomalies,
...Sometimes!

! The first  two dependencies cause undesirable
redundancies and anom alies.

! The third dependency, however, does not
cause redundancies because
{ Empl oyee, Pr oj ect }  const itutes a key of the
relat ion ( .. .and a relat ion cannot  contain two
tuples with the sam e values for the key
at t r ibutes.)

Dependenci es on keys are OK,
other dependenci es are not!
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Another Example
ER Model 

Relational Model

  SI#     Name    Address          Hobbies
1111    Joe        123 Main    { biking, hiking}

 SI#    Name    Address      Hobby
1111    Joe        123 Main     biking
1111    Joe        123 Main     hiking
      É É É É É .

Redundancy

(0.N)

This is NOT a relation
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How Do We Eliminate Redundancy?
!  Decom posit ion:  Use two relat ions to store

PersonPerson inform at ion:
"" Person1Person1 (SI # , Nam e, Address)
"" HobbiesHobbies (SI # ,  Hobby)

!  The decom posit ion is m ore general:  people with
hobbies can now be descr ibed independent ly of
their  nam e and address.

!  No update anom alies:
" Nam e and address stored once;
" A hobby  can  be separately supplied or

deleted;
" We can represent  persons with no hobbies.
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Superkey Constraints
!  A superkey const raint  is a special funct ional

dependency:  Let  K be a set  of at t r ibutes of R, and U
the set  of all at t r ibutes of R. Then K is a superkey
iff t he funct ional dependency K !  U is sat isfied in
R.

" E.g., SI #  !  SI # ,Nam e,Address ( for a Person
relat ion)

!  A key is a m inim al superkey,  I .e.,  for each X "  K, X
is not  a superkey

" SI # , Hobby !  SI # , Nam e, Address, Hobby but
" SI #  !  SI # ,  Nam e, Address,  Hobby
" Hobby !  SI # ,  Nam e, Address,  Hobby

!  A key at t r ibute is an at t r ibute that  is part  of a key.
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More Examples

!  Address !   PostalCode

" DCSÕs postal code is M5S 3H5
!  Author, Tit le, Edit ion !  Publicat ionDate

" Ram akrishnan, et  al. ,  Database
Managem ent  System s, 3rd publicat ion date
is 2003

!   CourseI D  !  Exam Date, Exam Tim e

" CSC343Õs exam  date is Decem ber 18,
start ing at  7pm
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When are FDs "Equivalent"?

! Som et im es funct ional dependencies (FDs)
seem  to be saying the sam e thing,
e.g., Addr !  PostalCode,St r#

vs Addr !  PostalCode, Addr !  St r#

! Another exam ple
Addr !  PostalCode,  PostalCode !  Province
vs Addr !  PostalCode, PostalCode !  Province
vs Addr !  Province

! When are two sets of FDs equivalent? How do
we " infer"  new FDs from  given FDs?



9

Normal Forms Ñ  17CSC343 Ð Introduction to Databases

Entailment, Closure, Equivalence

! I f F is a set  of FDs on schem a R and f is another
FD on R, then F entailsentails f  (wr it ten F | =  f)  if every
instance r  of R that  sat isfies every FD in F also
sat isfies  f.
Exam ple:  F =  { A !  B, B !  C}  and  f  is A !  C

" I f Phone#  !  Address and Address !
ZipCode, then Phone#  !  ZipCode

! The closureclosure of F,  denoted F+ , is the set  of all FDs
entailed by F.

! F and G are equivalentequivalent  if F entails G and G
entails F.
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How Do We Compute Entailment?
! Sat isfact ion, entailm ent , and equivalence are

sem ant ic concepts Ð defined in term s of the
"m eaning"  of relat ions in the Òreal world.Ó

! How to check if  F entails f ,  F and G are
equivalent?
" Apply the respect ive definit ions for all possible

relat ion instances for a schem a R É # É
" Find algor ithm ic, syntact ic ways to com pute

these not ions.
! Note:  The syntact ic solut ion m ust  be "correctÓ with

respect  to the sem ant ic definit ions.
! Correctness has two aspects:  soundnesssoundness and

com pletenesscom pleteness Ð see later.
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Armstrong’s Axioms for FDs
! This is the syntact ic way of com put ing/ test ing

sem ant ic propert ies of FDs
" Reflexivity :   Y #  X | -  X !  Y  ( t r iv ial FD)

e.g., | -  Nam e, Address !  Nam e

" Augm entat ion:   X !  Y | -  XZ !  YZ

e.g., Address !  ZipCode | -
         Address,Nam e !  ZipCode, Nam e

" Transit iv it y:  X !  Y, Y !  Z | -  X !  Z

e.g., Phone#  !  Address, Address !  ZipCode
 | -  Phone#  !  ZipCode
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Soundness
! Theorem:  F | -  f implies F | =  f
! I n words:  I f FD  f:  X !  Y can be derived from a set  of

FDs F using the axioms, then  f  holds in every relat ion
that  sat isfies every FD in F.

! Example:  Given  X !  Y  and  X !  Z  then

! Thus,  X !  YZ  is sat isfied in every relat ion where both
X !  Y   and  X !  Z   are sat isfied. We have derived
the union ruleunion rule for FDs.

X !  XY      Augmentation by X
YX !  YZ    Augmentation by Y
X !  YZ       Transitivity 
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Completeness

! Theorem :  F | =  f im plies F | -  f

! I n words:  I f F entails f ,  then f  can be der ived
from   F  using Arm st rong's axiom s.

! A consequence of com pleteness is the
following (na•ve)  algor ithm  to determ ining if
F entails f:

A lg o r i t h mAlg o r i t h m :  Use the axiom s in all possible
ways to generate F+  ( the set  of possible
FDÕs is finite so this can be done)  and see
if  f   is in F+
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Correctness
!  The not ions of soundness and

com pleteness link the syntax (Arm st rongÕs
axiom s)  with sem ant ics, i.e.,  entailm ent
defined in term s of relat ional instances.

!  This is a precise way of saying that  the
algor ithm  for entailm ent  based on the
axiom s is ` ` correctÕÕ with respect  to the
definit ions.
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Decomposition Rule
! Another exam ple of a der ivat ion rule we can

use in generat ing F+ :
! X !  AB, AB !  A ( refl) ,  X !  A ( t rans)

! So, whenever we have X !  AB, we can
"decom pose" this funct ional dependency to
two funct ional dependencies X !  A, X !  B
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Generating F+

Thus, AB!  BD, AB !  BCD, AB !  BCDE, and AB !  E
are all elements of F+ .

    F

AB!  C
                                    AB!  BCD        
A!  D      AB!  BD                           AB!  BCDE     AB!  E

D!  E       BCD !  BCDE

union
aug

trans

aug

decomp
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Attribute Closure

! Calculat ing at t r ibute closure leads to a m ore
efficient  way of checking entailm ent .

! The at t r ibute closureat t r ibute closure of a set  of at t r ibutes  X
with respect  to a set  of FDs F, denoted X+

F, is
the set  of all at t r ibutes  A such that  X !  A

" X +
F is not  necessarily sam e as X+

G  if  F "   G

! At t r ibute closure and entailm ent :

Algor ithmAlgorithm :  Given a set  of FDs, F,  then X !  Y
if and only if Y  #   X+

F
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Computing the
Attribute Closure  X+

F

closure := X;               // since  X #   X+
F

repeat
   old := closure;
   i f  there is an FD  Z !  V in F such that
       Z #   closure and V #   closure
   then  closure := closure $   V
unti l  old = closure

Ð  If T #  closure then X !  T  is entailed by F
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Computing Attribute Closure:
An Example

F: AB !  C            
    A !  D
    D !  E
    AC !  B 

X                 XF
+

A            {A, D, E}
AB         {A, B, C, D, E}
AC         {A, C, B, D, E}   
B            {B}
D            {D, E}

Is  AB !  E entailed by F?    Yes
Is  D !  C  entailed by F?      No

Result:  XF
+ allows us to determine all FDs of the form

             X !  Y  entailed by F
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Normal Forms
! Each normal form  is a set  of condit ions on a schema that

together guarantee certain propert ies ( relat ing to
redundancy and update anomalies) .

! First  normal form  (1NF)  is the same as the definit ion of
relat ional model ( relat ions =  sets of t uples;  each tuple =
sequence of atom ic values) .

! Second normal form  (2NF)  1NF plus every at t r ibute that
is not  part  of a candidate key ( that  is, a non-prime
at t r ibute)  must  depend on an ent ire candidate key (not
part  of it ) .

! The two most  used are third normal formthird normal form  (3NF)  and
Boyce-Codd Boyce-Codd normal formnormal form (BCNF) .

! We will discuss in detail the 3NF.
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The Third Normal Form
! A relat ion R(X)  is in third normal form (3NF) if, for

each (non- t r ivial)  funct ional dependency Y !  Z, at
least  one of the following is t rue:

" Y contains a key K of R(X) ;
" Each at t r ibute in Z is contained in at  least  one

(candidate)  key of R(X) .  That  is, each at t r ibute in
Z is a prime at t r ibute.

! 3NF does not  remove all redundancies.

! 3NF decomposit ions founded on the not ion of m inimal
cover.
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Decomposition into 3NF: Basic Idea
! Decom posit ion into 3NF can proceed as follows.

" For each funct ional dependency of the form  Y !
Z,  where Y contains a subset  of a key K of R( X) ,
create a project ion on all the at t r ibutes Y,  Z
(2NF) .

" For each dependency of the form  Y !  Z, where
Y,   doesnÕt  contain any key, and not  all
at t r ibutes of Z are key at t r ibutes, create a
project ion on all the at t r ibutes Y, Z (3NF) .

! The new relat ions only include dependencies Y !
Z,  where Y contains a key K of R( X) ,   or Z contains
only key at t r ibutes.
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Basic Idea
! R(ABCD) , A !  D

! Project ion:
" R1(AD) , A !  D

" R2(ABC)
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! A relat ion that  is not  in 3NF, can be replaced with
one or m ore norm alized relat ions using
norm alizat ion.

! We can elim inate redundancies and anom alies for
the exam ple relat ion

Em p( Em ployee,Salary,Project ,Budget ,Funct ion)
if we replace it  with the three relat ions obtained by

project ions on the sets of at t r ibutes corresponding
to the three funct ional dependencies:
" Empl oyee !  Sal ar y;
" Pr oj ect  !  Budget .
" Empl oyee, Pr oj ect  !  Funct i on.

Normalization Through Decomposition
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…Start with…

Employee  Salary Project Budget Function 

Brown  20 Mars 2 technician 
Green 35 Jupiter 15 designer 
Green 35 Venus 15 designer 

Hoskins 55 Venus 15 manager 
Hoskins 55 Jupiter 15 consultant 
Hoskins   55 Mars 2 consultant 
Moore 48 Mars 2 manager 
Moore 48 Venus 15 designer 
Kemp 48 Venus 15 designer 
Kemp 48 Jupiter 15 manager 
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Result of Normalization
Employee Salary

Brown 20
Green 35

Hoskins 55
Moore 48
Kemp 48

Employee Project Function
Brown Mars technician
Green Jupiter designer
Green Venus designer

Hoskins Venus manager
Hoskins Jupiter consultant
Hoskins Mars consultant
Moore Mars manager
Moore Venus designer
Kemp Venus designer
Kemp Jupiter manager

Project Budget
Mars 2

Jupiter 15
Venus 15

The keys of new relations
are lefthand sides of

 functional dependencies;
satisfaction of 3NF is

therefore guaranteed for
the new relations.
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Another Example

Employee Project Branch
Brown Mars Chicago
Green Jupiter Birmingham
Green Venus Birmingham

Hoskins Saturn Birmingham
Hoskins Venus Birmingham

This relat ion sat isfies the funct ional dependencies:
 Em p loy ee !  Br an ch
 Pr o j ect  !  Br an ch
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A Possible Decomposition

Employee Branch
Brown Chicago
Green Birmingham

Hoskins Birmingham

Project Branch
Mars Chicago
Jupiter Birmingham
Saturn Birmingham
Venus Birmingham

...but now we don’t know 
each employee’s projects!
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The Join of the Projections
Employee Project Branch

Brown Mars Chicago
Green Jupiter Birmingham
Green Venus Birmingham

Hoskins Saturn Birmingham
Hoskins Venus Birmingham
Green Saturn Birmingham

Hoskins Jupiter Birmingham

Th e r esu l t  o f  t h e j o in  is d i f f er en t  f r om  t h e
or ig in al  r e lat ion .

We lost some information
during the decomposition!
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Lossless Decomposition

! The decom posit ion of a relat ion R( X)  on X1
and X2 is lossless if for every instance r  of
R( X)  the join of the project ions of R on X1
and X2 is equal t o r  it self ( that  is, does not
contain spurious tuples) .

! Of course, it  is clear ly desirable to allow
only lossless decom posit ions dur ing
norm alizat ion.
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A Condition for Lossless
Decomposition

! Let  R( X) be a relat ion schem a and let  X1 and
X2 be two subsets of X such that  X1 $  X2 = X.
Also, let  X0 = X1 %  X2.

! I f R( X)  sat isfies the funct ional dependency
X0 !  X1 or   X0 !  X2, then the decom posit ion
of R( X)  on X1 and X2 is lossless.

! I n other words, R( X)  has a lossless
decom posit ion on two relat ions if the set  of
at t r ibutes com m on to the relat ions is a
superkey for at  least  one of the
decom posed relat ions.
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Intuition Behind the Test for
Losslessness

! Suppose R1 % R2 !  R2.   Then a row of r1

can com bine with exact ly one row of r2  in
the natural j oin (since in  r2  a part icular set
of values for the at t r ibutes in R1 %  R2

defines a unique row)
                R1 % R2      R1 % R2 
É É É É .   a               a   É É É ...
É É É É     a               b   É É É É .
É É É É     b               c   É É É É .
É É É É     c
         r 1                               r 2
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A Lossless Decomposition

Employee Branch
Brown Chicago
Green Birmingham

Hoskins Birmingham

Employ ee  Project 
Brown Mars 
Green Jupiter 
Green Venus 

Hoskins Saturn 
Hoskins Venus 
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Notation
! I nstead of saying that  we have relat ion

schem a R(X)  with funct ional dependencies F,
we will say that  we have schem a

R =  (R,  F)

 where R is a set  of at t r ibutes and F is a
set  of funct ional dependencies.

! The 3NF norm alizat ion problem  is then to
generate a set  of relat ion schem as R1= (R1,F1) ,
É ,  Rn= ( Rn,Fn) , such that  Ri is in 3NF.
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Another Example
!  Schema (R, F)  where
      R =  { SI # , Name, Address, Hobby}
      F =  { SI #  !   Name, Address}
    can be decomposed into

R1 =  { SI # , Name, Address}
F1 =  { SI #  !  Name, Address}

    and
R2 =  { SI # , Hobby}
F2 =  {  }

since R1%R2 =  SI # , SI # ! R1  the decomposit ion
is lossless.
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Another Problem...
! Assum e we wish to insert  a new tuple t hat

specifies that  em ployee Arm st rong works in
the Birm ingham  branch and part icipates in
project  Mars.

! I n the or iginal relat ion, this update would be
ident ified as illegal, because it  would cause a
violat ion of the Pr oj ect  !  Br anch
dependency.

! For the decom posed relat ions, however, this
is not  possible because the two at t r ibutes
Pr oj ect  and Br anch have been m oved to
different  relat ions.
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Preserving Dependencies (Intuition)

! A decom posit ion preserves dependencies if
each of the funct ional dependencies of the
original relat ion schem a involves at t r ibutes
that  appear together in one of the
decom posed relat ion schem as.

! I t  is clear ly desirable that  a decom posit ion
preserves  dependencies because then it  is
possible to (efficient ly)  ensure that  the
decom posed schem a sat isfies the sam e
const raints as the or iginal schem a.
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Example
!  Schema (R, F)  where
      R =  { SI # ,Name,Address,Hobby}
      F =  { SI #  !   Name,Address}
can be decomposed into
      R1 =  { SI # , Name,Address}
      F1 =  { SI #  !  Name,Address}
and
      R2 =  { SI # , Hobby}
      F2 =  {  }
!  Since F =  F1 $  F2  t he decomposit ion is
dependency preserving.
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Another Example

! Schem a:  (ABC;   F)  ,   F =  { A $  B, B $  C, C $  B}
! Decom posit ion:

" (AC, F1) ,  F1 =  { A $  C}
[ Note:   A $  C & F, but  in F+ ]

" (BC, F2) ,  F2 =  { B $  C, C $  B}

! A $  B & (F1  $  F2) ,  but   A $  B '  (F1  $  F2) + .
" So  F+  =  ( F1  $  F2) +   and thus t he

decom posit ion is st ill dependency preserving

Normal Forms Ñ  48CSC343 Ð Introduction to Databases

Dependency Preservation
! I f  f  is a FD in F, but  f  is not  in F1 $  F2,

there are two possibilit ies:
" f #   (F1 $  F2) +

" I f the const raints in  F1 and F2 are
m aintained,  f   will be m aintained
autom at ically.

" f &  (F1 $  F2) +

" f  can be checked only by first
taking the join of r 1 and r2.   É This
is cost lyÉ
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Desirable Qualities for
Decompositions

Decomposit ions should always sat isfy the propert ies of
lossless decomposit ion and dependency preservat ion:

! Lossless decomposit ion ensures that  the informat ion in
the original relat ion can be accurately reconst ructed
based on the informat ion represented in the decomposed
relat ions.

! Dependency preservat ion ensures that  the decomposed
relat ions have the same capacity to represent  the
integrity const raints as the original relat ions and
therefore to reveal illegal updates.
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Minimal Cover
! A m inimal cover for a set  of dependencies F is a set

of dependencies U such that :
" U is equivalent  to F    ( I .e., F+  =  U+ )
" All FDs in U have the form  X !   A where A is a

single at t r ibute
" I t  is not  possible to make U smaller (while

preserving equivalence)  by
" Delet ing an FD
" Delet ing an at t r ibute from an FD  ( its LHS)

! FDs and at t r ibutes that  can be deleted in this way
are called redundantredundant ..
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Computing the Minimal Cover
Example:  F =  { ABH !  CK, A !  D, C !  E,

         BGH !  L, L !  AD, E !  L, BH !  E}
! Step 1:  Make RHS of each FD into a single at t r ibute:  Use

decomposit ion rule for FDs.
" Example:  L!  AD  replaced by L !  A, L !  D ;  ABH !  CK

by ABH ! C,  ABH ! K
! Step 2:  Elim inate redundant  at t r ibutes from LHS:  I f B is a

single at t r ibute and FD XB !  A '  F, X !  A is entailed by F,
then B  is unnecessary.
e.g., Can an at t r ibute be deleted from ABH !  C ?
Compute AB+

F, AH+
F,  BH+

F;  Since C '  ( BH) +
F ,    BH !   C

is entailed by F and A is redundant  in ABH !  C.
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Computing the Minimal Cover (cont’d)

! Step 3:  Delete redundant  FDs from F:  I f F Ð { f}
entails  f ,  then  f   is redundant ;  if f  is X !  A then
check if A #  X+

F- { f}

e.g.,  BGH !  L is entailed by E !  L,  BH !  E, so it  is
redundant

! Note:  The order of steps 2, 3 can't  be interchanged! !
See textbook for a counterexample.

F1 =  { ABH! C, ABH! K, A! D, C! E, BGH! L, L! A, L! D, E! L, BH! E}
F2 =  { BH! C, BH! K, A! D, C! E, BH! L, L! A, L! D, E! L, BH! E}
F3 =  { BH !  C, BH !  K, A !  D, C !  E, L !  A, E !  L}



27

Normal Forms Ñ  53CSC343 Ð Introduction to Databases

Synthesizing a 3NF Schema
Start ing with a schem a R =  (R, F) :
! Step 1:  Com pute m inim al cover U of F. The

decom posit ion is based on U, but  since U+  =  F+

the sam e funct ional dependencies will hold.
" A m inim al cover for

F =  { ABH ! CK, A ! D, C ! E, BGH ! L, L! AD,
E !  L, BH !  E}
is

     U =  { BH! C, BH! K,  A! D, C! E, L! A, E! L}
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Synthesizing … Step 2

! Step 2:  Part it ion U into sets U1,  U2,  É  Un
such that  the LHS of all elem ents of Ui are
the sam e:
" U1 =  { BH !  C, BH !  K} ,  U2 =  { A !  D} ,

U3 =  { C !  E} , U4 =  { L !  A} , U5 =  { E !  L}
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Synthesizing … Step 3

! Step 3:  For each Ui form  schem a Ri =  (Ri,  Ui) ,
where Ri  is the set  of all at t r ibutes m ent ioned
in Ui

" Each FD of U will be in som e Ri.   Hence the
decom posit ion is dependency preserving:

" R1 =  (BHCK;   BH! C, BH!  K) ,

" R2 =  (AD;   A! D) ,

" R3 =  (CE;   C !  E) ,

" R4 =  (AL;   L! A) ,

" R5 =  (EL;   E !  L)
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Synthesizing … Step 4
! Step 4:  I f no Ri is a superkey of R, add

schem a R0 =  (R0, { } )  where R0 is a key of R.
" R0 =  (BGH, { } ) ;  R0  m ight  be needed when

not  all at t r ibutes are contained in R1$ R2 É $
Rn;

" A m issing at t r ibute A m ust  be part  of all
keys (since itÕs not  in any FD of U, der iv ing
a key const raint  from  U involves the
augm entat ion axiom ) ;

" R0  m ight  be needed even if all at t r ibutes
are accounted for in R1$ R2 É $ Rn



29

Normal Forms Ñ  57CSC343 Ð Introduction to Databases

Synthesizing … Step 4 (cont'd)

! Exam ple:  (ABCD;  { A $  B,C $  D} ) , with
step 3 decom posit ion:  R1 =  (AB;  { A$ B} ) ,R2
=  (CD;  { C$ D} ) .

Lossy!  Need to add (AC;  {  } ) ,  for losslessness

! Step 4 guarantees lossless decom posit ion:

ABCD - -decom p- ->  AB,ACD
            - -decom p- -> AB,AC,CD
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Boyce–Codd Normal Form (BCNF)
! A relat ion R( X)  is in BoyceÐCodd Norm al

Form  if for every non- t r iv ial funct ional
dependency Y !  Z defined on it ,  Y contains
a key K of R( X) . That  is, Y is a superkey for
R( X) .

! Exam ple:   Person1Person1(SI # , Nam e, Address)
" The only FD is SI #  !  Nam e, Address
" Since SI #  is a key, Person1Person1 is in BCNF

! Anom alies and redundancies, as discussed
earlier, do not  occur in databases with
relat ions in BCNF.
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Non-BCNF Examples

!!  Person Person(SI # , Nam e, Address, Hobby)
" The FD  SI #  !  Nam e, Address  does not

sat isfy condit ions for BCNF since the key
is (SSN, Hobby)

!!   HasAccountHasAccount(AcctNum , Client I d,  OfficeI d)
" The FD AcctNum  !  OfficeI d  does not

sat isfy BCNF condit ions if we assum e that
keys for HasAccount  are (Client I d,
OfficeI d)  and (AcctNum , Client I d) ;  rather
than AcctNum .
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Assume the following dependencies:
$ Manager !  Branch Ñ  each manager works in a

part icular branch;
$ Project ,Branch !  Manager Ñ  each project  has

several managers, and runs on several branches;
however, a project  has a unique manager for each
branch.

A Relation not in BCNF
Manager Project Branch

Brown Mars Chicago
Green Jupiter Birmingham
Green Mars Birmingham

Hoskins Saturn Birmingham
Hoskins Venus Birmingham
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A Problematic Decomposition

! The relat ion is not  in BCNF because the left
hand side of the first   dependency is not  a
superkey.

! At  the sam e t im e, no decom posit ion of this
relat ion will work:  Pr oj ect , Br anch !  Manager
involves all the at t r ibutes and thus no
decom posit ion is possible.

! Som et im es BCNF cannot  be achieved for a
part icular relat ion and set  of funct ional
dependencies without  v iolat ing the pr inciples of
lossless decom posit ion and dependency
preservat ion.
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Normalization Drawbacks
! By lim it ing redundancy, norm alizat ion  helps

m aintain consistency and saves space.

! But  perform ance of querying can suffer because
related inform at ion that  was stored in a single
relat ion is now dist r ibuted am ong several

! Exam ple:   A join is required to get  the nam es and
grades of all students taking CS343 in 2006F.

SELECT  S.Name,  T.Grade
FROM  St u d en tSt u d en t  S, Tr an scr ip tTr an scr ip t  T
W HERE  S.Id =  T.StudId  AND 
               T.CrsCode =  ÔCS3 4 3 Õ  AND  T.Semester =  Ô2 0 0 6 FÕ 

St udent ( I d, Name)
Tr anscr i pt ( St udI d, Cr sCode, Sem, Gr ade)
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Denormalization
! Tradeoff:   Judiciously int roduce redundancy to

improve performance of certain queries
! Example:   Add at t r ibute Name to Transcript  Transcript  !!

Transcript 'Transcript '

" Join is avoided;
" I f queries are asked more frequent ly than

TranscriptTranscript  is modified, added redundancy m ight
improve average performance;

" But , TranscriptTranscript ÕÕ is no longer in BCNF since key is
(StudI d,CrsCode,Semester)  and StudI d !  Name.

SELECT  T.Name, T.Grade
FROM   TranscriptTranscript!!  T
WHERE  T.CrsCode = "CS305!  AND  T.Semester = "S2002!
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BCNF and 3NF
! The Project -Branch-Manager schem a is not  in

BCNF, but  it  is in 3NF.
! I n part icular, the Pr oj ect , Br anch !  Manager

dependency has as it s left  hand side a key,
while Manager  !  Br anch has a unique at t r ibute
for the r ight  hand side, which is part  of the
{ Pr oj ect , Br anch}  key.

! The 3NF is less rest r ict ive than the BCNF and
for this reason does not  offer the sam e
guarantees of qualit y for a relat ion;  it  has the
advantage however, of always being
achievable.
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3NF Tolerates
Some Redundancies!

Manager Project Branch
Brown Mars Chicago
Green Jupiter Birmingham
Green Mars Birmingham

Hoskins Saturn Birmingham
Hoskins Venus Birmingham!!
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Funct ional dependencies:
% Manager  !  Br anch, Di vi s i on - -  each manager  wor ks

at  one br anch and manages one division;
% Br anch, Di vi s i on !  Manager  - -  f or  each br anch

and division t her e is a single manager ;
% Pr oj ect , Br anch !  Di vi s i on, Manager  - -  f or  each

br anch,  a pr oj ect  is allocat ed t o a single division and
has a sole manager  r esponsible.

A Revised Example
Manager Project Branch Division

Brown Mars Chicago 1
Green Jupiter Birmingham 1
Green Mars Birmingham 1

Hoskins Saturn Birmingham 2
Hoskins Venus Birmingham 2
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BCNF Normalization (Partial)
$ Given:   R =  (R;  F)  where R =  ABCDEGHK  and

F =  { ABH !  C, A !  DE, BGH !  K, K !  ADH, BH !  GE}
" Step 1:   Find a FD that  violates BCNF

Note ABH !   C, ( ABH) +   includes all at t r ibutes  (BH is a key)
A !   DE v iolates BCNF since A is not  a superkey (A+  =  ADE)

" Step 2:   Split  R into:
R1 =  (ADE;  F1 =  { A !  DE } )
R2 =  ( ABCGHK;  F1 =  { ABH! C, BGH! K, K! AH, BH! G} )

$ Note 1:   R1 is in BCNF
$ Note 2:   Decom posit ion is  lossless  since A is a key of R1.

$ Note 3:   FDs K !  D and BH !  E are not  in F1 or F2.
But  both can be derived from  F1 $  F2

              (E.g., K! A  and A! D im plies K! D)
Hence, decom posit ion is dependency preserving.

Remove DE - A
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BCNF Decomposition Algorithm

Input:  R = (R; F)

Decomp := R
while there is S = (S; FÕ) '  Decomp  and  S not in BCNF  do
      Find X !  Y #  FÕ that violates BCNF    // X isnÕt a superkey in S
      Replace S in Decomp  with  S1 = (XY; F1),  S2 = (S - (Y - X); F2)
       // F1 = all FDs of FÕ involving only attributes of  XY
       // F2 = all FDs of FÕ involving only attributes of  S - (Y - X)
end
return  Decomp
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A Good Decomposition

Manager Branch Division
Brown Chicago 1
Green Birmingham 1

Hoskins Birmingham 2

Project Branch Division
Mars Chicago 1

Jupiter Birmingham 1
Mars Birmingham 1

Saturn Birmingham 2
Venus Birmingham 2

% Note:  The first  relat ion has a second key
{ Br anch, Di vi s i on} .

% The decomposit ion is in 3NF but  not  in BCNF;
moreover, it  is lossless and dependencies are
preserved.

% This example demonst rates that  BCNF may be too
st rong a condit ion to impose on a relat ional
schema.
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Database Design and Normalization

! The theory of normalizat ion can be used as a basis for
quality cont rol operat ions on schemas, during both
conceptual and logical design.

! Analysis of the relat ions obtained during the logical design
phase can ident ify places where the conceptual design
was inaccurate:  such a validat ion of the design is usually
relat ively easy.

! Normalizat ion can also be used during conceptual design
for quality cont rol of each element  of a conceptual schema
(ent ity or relat ionship) .
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Analysis of an Entity

! The funct ional dependency

Suppl i er Code !  Suppl i er , Addr ess

holds here:  all propert ies of a supplier are ident ified by
its Suppl i er Code.

! The ent ity violates 3NF since this dependency has a
left -hand-side that  does not  contain the ident ifier and
a r ight -hand-side made up of at t r ibutes that  are not
part  of the key.
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Decomposing Pr oduct

! Suppl i er  is (or should be)  an independent  ent it y,
with it s own at t r ibutes ( code, surnam e and
address)

! I f Pr oduct  and Suppl i er  are dist inct  ent it ies, t hey
should be linked t hrough a relat ionship.

! Since there is a funct ional dependency from  Code
to Suppl i er Code,  we are sure that  each product
has at  m ost  one supplier (m axim um  cardinalit y 1) .

! Since there is no dependency from  Suppl i er Code
to Code, we have an unrest r icted m axim um
cardinalit y (N)  for Suppl i er  in the relat ionship.
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Decomposing Pr oduct

! This decomposit ion sat isfies fundamental propert ies:
" I t  is a lossless decomposit ion,  because of one- to-many

relat ionship that  allows us to recost ruct  the values of
the at t r ibutes of the original ent ity;

" Moreover,  it  preserves dependencies because each
dependency is embedded in one of the ent it ies or  can
be reconst ructed from them.
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Analysis of a Relationship
! Now we show how to analyze n-ary

relat ionships for n! 3, in order to determ ine
whether they should be decom posed.

! Consider
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Some Functional Dependencies
" St udent  !  Degr eePr ogr amme ( each student  is enrolled

in one degree programme)

" St udent  !  Pr of essor  (each student  writes a thesis
under the supervision of a single professor)

" Pr of essor  !  Depar t ment  (each professor is associated
with a single department  and the students under her
supervision are students in t hat  department)

! The (unique)  key of the relat ionship is St udent  (given a
student ,  the degree programme, the professor and the
department  are ident ified uniquely)

! The third FD causes a violat ion of 3NF.
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Decomposing Thesi s
! The following is a decom posit ion of Thesi s

where t he two decom posed relat ionships
are both in 3NF(also in BCNF)
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More Observations...
! The relat ionship Thesi s is in 3NF, because its

key is m ade up of the St udent  ent it y, and it s
dependencies all have this ent it y on the left  hand
side.

! However, not  all students write theses, therefore
not  all students have supervisors.

! From  a norm al form  point  of v iew, this is not  a
problem .

! However, our conceptual schem a should reflect
the fact  that  being in a degree program m e and
having a supervisor are independent  facts.
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Another Decomposition


