%DVL�GL�’DW L�H�

6 LVW HP L�,QI R UP DW LY L�,

1RUP DOL]DWLRQ

Normal form and normalization

¯ A normal form is a propertyof a relational database.

¯ W hen a relation is non - nor malized (that is, does not s atisf ya norm al

form), then it presents redundanc ies and produces undesirable

behavior dur ing update operations.

¯ T his principle can be used to carr yout qualit yanalys is and con stitutes

a useful tool for database design.

¯ Normalization is a procedure that allows the non - norm alized

schem as to be transformed into new schem as for which the

satisfaction of a norm al form is guaranteed.

Example of a relationw ith anomalies

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

T he k eyis m ade up of the attributes Em ployee and Project

Anomalies in the example relation

¯ T he value of the salar yof each em ployee is repeated in all the tuples

relating to it: therefore there is a redund ancy .

¯ If the salar yof an em ployee changes, we have to m odifythe valu e in

all the corresponding tuples . T his problem is k nown as the update

anomaly .

¯ If an em ployee stops work ing on all the projects but does not le ave

the com pany, all the corresponding tuples are deleted and so, even

the bas ic inform ation, nam e and salar yis lost. T his problem is k nown

as the deletion anomaly .

¯ If we have inform ation on a new em plo yee, we cannot insert it un til

the em ployee is assigned to a project. T his is k nown as the insertion

anomaly .

Wh ythese undesirable phenomena?

¯ Intuitive explanation : we have used a single relation to represent

item s of inform ation of different types.

¯ In particular, the following independent real - wor ld concepts are

represented in the relation:

˘ em ployees with their salar ies,

˘ projects with their budgets,

˘ participation of the em ployees in the projects with their functi ons.

¯ T o s ystem aticall ystud ythe principles introduced informall y, it is

necessar yto use a specific notion: the functional dep endency .

Functional dependencies in the example schema

¯ Em ployee Salar y

the salar yof each em ploye e is unique and thus each tim e a certa in

em ployee appears in a tuple , the value of his or her salar yalwa ys

rem ains the sam e. The value of the attribute Salary functionally depends

on the vale of the Employee attribute : a function exists that associates

with each Employee value in the raltion , a single value for the Salary

attribute

¯ Project Budget

the budget of each project is unique and thus each time a certai n project

appears in a tuple , the value of its budget alwa ys rem ains the sam e.

Functional dependencies

¯ Given a relation r on a schem a R(X) and two non - em ptys ubsets Y

and Z of the attributes X , we saythat there is a functional dependenc y

on r between Y and Z , if, for each pair of tuples t

1 and t

2 of r having

the sam e values on the attributes Y , t

1 and t

2 also have the sam e

values of the Z attributes.

¯ A functional dependenc ybetween the attributes Y and Z is indicated

bythe notation Y ® Z .

Non - trivial functional dependencies

¯ W e then saythat a functional dependenc y Y ® Z is no n - trivial if no

attribute in Z appears am ong the attributes of Y .

˘ Em ployee ® Salar yis a non - trivial functional dependenc y

˘ Em ployee Proj ect ® Project is a trivial functional dependenc y

Anomalies and functional dependencies

¯ In our exam ple, the two properties caus ing anom alies correspond

exactlyto attributes involved in functional dependencies:

˘ the property`the salar yof each em ployee is unique and depends

onl yon the em ployee´ corresponds to the functional dependenc y

Em ployee ® Salar y;

˘ the property`the budget of each project is unique and depends

onl yon the project´ corresponds to the functional dependenc y

Project ® Budget.

¯ Moreover, the following propertycan be form alized b ym eans of a

functional dependenc y:

˘ the property`in each proj ect, each of the em ployees involved ca n

carr yout onlyone function´ corresponds to the functional

dependenc yEm ployee Project ® Function.

Dependencies generating anomalies

¯ T he first two dependencies generate undesirable redundancies and

anom alies.

¯ T he third dependenc yhowever never generates redundancies

because, having Em plo yee and Project as a k ey, the relation cann ot

contain two tuples with the sam e values of these attributes.

¯ T he difference is that Em ployee Project is a key of the relation .

Bo yce ˘ Codd Normal Form (BCNF)

¯ A relation r is in Bo yce ˘ Co dd normal form if for ever y(non - trivial)

functional dependenc y X ® Y defined on it, X contains a k ey K of r .

T hat is, X is a superk ey for r .

¯ Anom alies and redundancies, as discussed above, do not appear in

databases with relations in Bo yc e ˘ Codd norm al form, because the

independent pieces of inform ation are separate, one per relation .

Decomposition into Bo yce ˘ Codd normal form

¯ Given a relation that does not satisf yBo yc e ˘ Codd nor m alform, we

can often replace it with one or m ore norm alized relations using a

process called normalization .

¯ W e can elim inate redundancies and anom alies for the exam ple

relation if we replace it with the three relations, obtained by

projections on the sets of attributes corresponding to the three

functional dependencies.

¯ T he k eys of the relations we obtain are the left hand s ide of a

functional dependenc y: the satisfaction of the Bo yce ˘ Codd norm al

form is therefore guaranteed.

Decomposition of the example relation

Employee Salary

Brown 20

Green 35

Hoskins 55

Moore 48

Kem p 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

Arelation to be decomposed

Employee Project Branch

Brown Mars Chicago

Green Jupiter Birmingham

Green Venus Birmingham

Hoskins Saturn Birmingham

Hoskins Venus Birmingham

T he relation satisfies the functional dependenc ies:

¯ Em ployee ® Branch

¯ Project ® Branch

Apossible decomposition of the previous relation

Employee Branch

Brown Chicago

Green Birmingham

Hoskins Birmingham

Project Branch

Mars Chicago

Jupiter Birmingham

Saturn Birmingham

Venus Birmingham

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

T he result is different from the original relation: the inform at ion

can not be reconstructed.

Lossless decomposition

¯ T he decom position of a relation r on X

1 and X

2 is lossless if the join

of the projections of r on X

1 and X

2 is equal to r itself (that is, not

containing spurious tuples ).

¯ It is clear lydesirable, or rather an indispensable requirem ent, that a

decom position carried out for the purpose of norm alization is lossless .

Acondition for the lossless decomposition

¯ Let r be a relation on X and let X

1 and X

2 be two subsets of X such

that X

1

X

2

= X. Furtherm ore, let X

0

= X

1

X

2

.

¯ If r satisfies the functional dependenc y X

0

X

1 or the functional

dependenc y X

0

X

2

, then the decom position of r on X

1 and X

2 is

lossless .

¯ In other words , we can sa ythat r has a lossless decomposition on two

relations if the set of attributes comm on to the relations is a k eyfor at

least one of the decom posed relations.

A lossless decomposition of the previous relation

Employee Branch

Brown Chicago

Green Birmingham

Hoskins Birmingham

Employee Project

Brown Mars

Green Jupiter

Green Venus

Hoskins Saturn

Hoskins Venus

Another problemwith the new decomposition

¯ Assum e we wish to insert a new tuple that spec ifies the partic ipation

of the em ployee nam ed Armstrong, who work s in Birmingham , on the

Mars project.

¯ In the original relation an update of this k ind would be imm ediatel y

identified as illegal, because it would cause a violation of the Project

Branch dependenc y.

¯ On the decom posed relations however, it is not possible to revea l an y

violation of dependenc ys ince the two attr ibutes Projec t and Bra nch

have been separated: one into one relation and one into the othe r.

Preservation of dependencies

¯ A decom position preserves the dependen cies if each of the functional

dependencies of the original schem a involves attributes that app ear all

together in one of the decom posed schem as.

¯ It is clear lydesirable that a decom position preserves the depen denc ies

since, in this wa y, it is possible to ensure, on the decom posed schem a,

the satisfaction of the sam e constraints as the or iginal schem a.

Qualities of decompositions

¯ Decom positions should always satisf ythe properties of lossless

decom position and dependenc ypreser vation:

˘ Lossless decom position ensures that the inform ation in the or iginal

relation can be accuratel yreconstructed based on the inform atio n

represented in the decom posed relations.

˘ Dependenc ypreservation ensures that the decom posed relations

have the sam e capacityto represent the integr ityconstraints as

the original relations and thus to reveal illegal updates.

Assum e that the following dependenc ies are defined:

¯ Manager Branch: each m anager work s at a particular branch;

¯ Project Branch Manager: each project has m ore m anagers who

are responsible for it, but in different branches, and each m ana ger

can be responsible for m ore than one project; however, for each

branch, a project has onl yone m anager responsible for it.

Arelation not satisf ying the BCNF

Manager Project Branch

Brown Mars Chicago

Green Jupiter Birmingham

Green Mars Birmingham

Hoskins Saturn Birmingham

Hoskins Venus Birmingham

Aproblematic decomposition

¯ T he relation is not in Bo yc e ˘ Codd norm al form because the left hand

side of the first dependenc yis not a superk ey .

¯ At the sam e tim e, no good decom position of this relation is poss ible:

the dependenc yProject Branch Manager involves all the attr i butes

and thus no decom position is able to preserve it.

¯ W e can therefore state that som etim es, Boyce ˘ Codd norm al form

cannot be achieved.

Anew normal form

¯ A relation r is in third norm al form if, for each (non - trivial) functional

dependenc y X Y defined on it, at least one of the following is

verified:

˘ X contains a k ey K of r ;

˘ each attribute in Y is contained in at least one k eyof r .

BCNF and third normal form

¯ T he previous schem a does not satisf ythe Bo yc e ˘ Codd norm alform ,

but it satisfies the third nor m alform:

˘ T he Project Branch Manager dependenc yhas as its left hand

side a k eyfor the relation, while Manager Branch has a uniq ue

attribute for the right hand s ide, which is part of the Project Branch

k ey.

¯ T he third norm al form is less restrictive than the Bo yce ˘ Codd norm al

form and for this reason does not offer the sam e guarantees of q ualit y

for a relation; it has the advantage however, of always being

achievable.

The tolerated redundanc y

Manager Project Branch

Brown Mars Chicago

Green Jupiter Birmingham

Green Mars Birmingham

Hoskins Saturn Birmingham

Hoskins Venus Birmingham

Decomposition into thirdnormal form

¯ Decom position into third norm al form can proceed as suggested fo r

the Boyce ˘ Codd norm al form:

˘ a relation that does not satisfythe third norm al form is

decom posed into relations obtained b yprojections on the

attributes corresponding to the functional dependencies.

¯ T he onl ycondition to guarantee in this process is of always

m aintaining a relation that contains a k eyto the original relat ion.

Functional dependencies:

¯ Manager Branch Division: each m anager work s at one branch

and m anages one divis ion;

¯ Branch Division Manager : for each branch and divis ion there is

a single m anager;

¯ Project Branch Division: for each branch, a project is alloc ated to

a single division and has a sole m anager respons ible.

Arestructuring of the previous relation

Manager Project Branch Division

Brown Mars Chicago 1

Gren Jupiter Birmingham 1

Gren Mars Birmingham 1

Hoskins Saturn Birmingham 2

Hoskins Venus Birmingham 2

Agood decomposition of the restructured schema

Manager Branch Division

Brown Chicago 1

Green Birm ingham 1

Hoskins Birm ingham 2

Project Branch Division

Mars Chicago 1

Jupiter Birmingham 1

Mars Birmingham 1

Saturn Birmingham 2

Venus Birmingham 2

¯ T he decom position is lossless and the dependencies are preserved.

¯ T his exam ple shows that often the difficultyof achieving Bo yce ˘ Codd

norm al form could be due to an insufficientl yaccurate analys is of the

application.

Database design and normalization

¯ T he theor yof norm alization can be used as a bas is for qualityc ontrol

operations on schem as, in both the conceptual and logical des ign

phases:

˘ the anal ysis of the relations obtained dur ing the logical design

phase can identif yplaces where the conceptual design was

inaccurate: this verification of the design is often relativel y eas y;

˘ the ideas on which norm alization is based can also be used dur in g

the conceptual des ign phas e for the qualit ycontrol of each

elem ent of the conceptual s chem a.

Anal ysis of the entit y

¯ T he attribute Code constitutes the identifier of the entity.

¯ T he functional dependenc y SupplierCode ® Supplier Address is

verified on the attributes of the entit y: all the properties of each

supplier are identified b yits SupplierCode .

¯ T he entit yviolates the third norm al form since this dependenc y has a

left hand s ide that does not contain the identifier and a right hand s ide

m ade up of attributes that are not part of the k ey.

Decomposition of the PRODUCT entity

¯ T he concept of supplier is independent of that of product and has associated properties (code, surnam e and address )

¯ It is appropr iate to m odel the concept of supplier bym eans of a separate entit y , where SupplierCode is the identifier , and Nam e and Address are further attributes .

¯ It is evident that if we separ ate product and supplier in two entities , it is appropr iate that these entities be link ed b y a releationship .

¯ Since there is a functioanal dependenc yfrom Code to SupplierCode , we are sure that each product has at m ost one supplier ( m axim um cardinality 1).

¯ Since there is no dependenc yfrom SupplierCode to Code, we have an unlim eted m axim um cardinality (N) for Supplier in the relationship .

Decomposition of the PRODUCT entity

¯ It is possible to ver if ythat the decom position satisfies the two fundam ental properties .

¯ It is lossless decom position , becauseon the basis of the on - to - m any relationship it is possible to recostruct the values of the attributes of the original entity .

¯ It preserves the dependencies , because each of the dependenc ies is em bedded in one of the entities or it can be reconstructed from them .

Anal ysis of the relationship

¯ It is easy to verify that each binary relation is in the third normal form (and also in

Boyce - Codd normal form ), the verification of normalization is carried out only on the n - ary relationships , that is , on those which involve at least there entities .

¯ Consider

Anal ysis of the relationship

¯ T he following functional dependenc ies can be identified:

˘ ST UDENT ® DEGREEPROGRAMME ( each student is enrolled in a degree programm e )

˘ ST UDENT ® PROFESSO R ( each student writes a thesis under the supervision of a single professor)

˘ PROF ESSOR ® DEPART MENT ( each professor belongs to a single departm ent and the students under her super vision write their theses under the care of that departm ent )

¯ T he (unique) k eyof the relationship is ST UDENT ( given a student , the degree programm e , the professor and the departm ent are unam biguous ly identified )

¯ T herefore, the third functional dependenc ycaus es a violation of the third norm al form .

Anal ysis of the relationship

¯ T he following is a decom position where the two relationships are both in the third norm al form (and in Bo yce - Codd norm al form )

Further observations on the decomposed schema

¯ T he relationship T HESIS is in third norm al form , because its k ey is m ade up of the ST UDENT entit y, and the onlydependencies that exist on it are those that have this entit yas left hand side.

¯ On the other hand, the properties described b ythe two dependenc ies are independent of each other: not all students are wr iting thes es and so not all of them have supervisors.

¯ From the norm alization point of view, this situation does not pr esent problem s.

¯ However, at the conceptual m odeling level, we m ust distinguish am ong the var ious concepts.

¯ W e can therefore conclude that it would be appropr iate to decom p ose the relationship further, obtaining two relationships, one for e ach of the two concepts.

Af urther decomposition