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INTRODUCTION

Theinvention and rise of therelational database starting
inthe 1960swasaccompanied by theremarkabl e devel op-
ment of canonical design techniques, making it possible
to avoid many database designs with unintended bad
consequences (Codd, 1970, 1971). These techniques,
called“normal forms,” prevent theoccurrenceof what are
called “anomalies.” If a database design contains an
anomaly, theimplemented database will behavein unin-
tended ways. If there is a deletion anomaly, data will
unexpectedly disappear; an insertion anomaly will pro-
ducedifficultiesinadding data; and amodification anomaly
will resultinextraand unexpected operationsinthecourse
of changing data in the database (Kroenke, 2002).

Inarelational database, dataisorganized intotables;
tables are composed of records; and records are made up
of fields(or dataitemsor attributes). Oneor morefieldsor
dataitems, called keys, are used to locate records and the
remaining data items in them. A primary key uniquely
identifieseach record. If morethan onefield isneeded to
guarantee uniqueidentification, theprimary key iscalled
a concatenated key or composite key. When more than
one combination of dataitems or fields could serve as a
primary key, the keys not actively used are called candi-
date keys.

The following (partial) table contains potential ex-
amplesof all threeanomalies:

. Deletion anomaly: If all the instructors who teach
agiven coursearedel eted, wewill loseinformation
about the course name.

. Insertion anomaly: We cannot input information
about a course or register a student for the course
unless we have an instructor for the course.

. Modificationanomaly: In order to changethe name
of acourse, we haveto go through therecords of all

(Primary Key 1)

the instructors in the table and change the name
there.

Intuitively, it is somewhat obvious that Instructor is
thewrongfieldto chooseasakey for finding information
about classes. The advantage of the normal formsisthat
they provide a standard procedure for finding a database
design that avoids the anomalies.

BACKGROUND

The normal forms are almost all defined in terms of the
concept of dependency, and, in particular, the concept of
functional dependency. Dependency in almost all cases
isbetween dataitems (equivalently, fields or attributes);
intuitively, one attribute A is functionally dependent on
another attribute B if one needsto know thevalue of Bin
order to determine the value of A.

These are the most commonly found normal forms:

. First Normal Form (1INF): Thetabledesignsmust
havenorepeating groups. That is, therearenofields
with more than one distinct value within the same
record. Thisnormal formisautomatically satisfiedif
arelational database is used, because data must be
entered in atable with single values for each field.
Primary Key 2 isan exampleif wewere allowed to
enter multiplevaluesin afield.

To put thistableinto First Normal Form, we have to
create a second table containing the repeating group and
the original key. The two tables are as follows (with
primary key underlined):

Course(Coursel D,CourseName,| nstructor,Rank) and
Course Student(Coursel D,Studentl D, StudentName,Grade)

Instructor InstructorRank | CourseNumber | CourseName | StudentName | Grade

Dr. Wilson Assistant Prof. Cl 110 Computer Rod Hudson C
Apps

Mrs. Day Associate Prof EN 111 Freshman AliceAdams | B
Comp
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(Primary Key 2)

CourselD CourseName | Instruc | Rank Student 1D StudentName | Grade
tor

Cl110.F03.sec1 | Computer Dr. Asst Prof 555-44-3323 Rod Hudson, A
Apps Wilson 430-22-1123 Joan Crawford, | B
554-55-6689 Andy Bierce, A
5454-92-5587 Luigi Nono C
EN111.S04.sec | Freshman Mrs. Full Prof 490-40-2221 Alice Adams, D
3 Comp Day 554-55-6689 Andy Bierce B

. Second Normal Form (2NF): Thetabledesignsare
in ANF, and there are no partial functional depen-
dencies, that is, functional dependencieson part of
aprimary key.

In the example above, StudentName in the second
table Course-Student is functionally dependent only on
Student| D. So, itisaviolationof Second Normal Form. We
convert thistableto 2NF by creating anew tablewith the
partially dependent fieldsand the key they were partially
dependent on. Now we have the following:

Course(Coursel D,CourseName, | nstructor,Rank)
Course-Student(Coursel D, Studentl D,Grade)
Student(Studentl D, StudentName)

. Third Normal Form (3NF): Thetabledesignsarein
2NF, and thereare no nonkey functional dependen-
cies, that is, no functional dependencies on data
items that are not keys.

Continuing the example, inthe Coursetable, Rank is
functionally dependent on I nstructor, whichisnot akey.
To produce 3NF, we remove the functional ly dependent
field(s) to another table and include the original nonkey
field asakey. So, we get the following:

Instructor(Instructor,Rank)

Course(Coursel D,CourseName, I nstructor)
Course-Student(Coursel D, Studentl D,Grade)
Student(Studentl D, StudentName)

. Boyce—Codd Normal Form (BCNF): Thedefinition
of BCNF isthat the table designs are in 3NF and
continue to remain so for all candidate keys.

Examplesgrow morecomplex for theremaining normal
forms. Itisnot too hard to construct an exampleof BCNF.
If weaddfieldstothe Student table, say, which could al so
serve as primary keys such as DriversLicense or
CreditCardlnfo, thenif oneof thesefieldsweremadekey,
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the Student table would no longer be in 3NF, because
StudentNamewould now bedependent onanonkey field.
Basically, the result would be to once again remove
StudentName to a separate table dependent only on
StudentI D, and to leave all the candidate keys by them-
selvesin a separate table.

. Fourth Normal Form (4NF): Thetabledesignsare
in BCNF, and there are no multivalued dependen-
cies.

. Fifth Normal Form (5NF): Thetabledesignsarein
ANF, and there are no join dependencies.

. Domain K ey/Normal Form (DK/NF): All constraints
on values can be derived from domain and key
dependencies.

As you will note, Second and Third Normal Forms
explicitly mention functional dependencies, and the
Boyce—-Codd Normal Form extendsthe application of the
Third Normal Formto other choicesof primary key. Fourth
Normal Form uses a more complex kind of dependency
definedintermsof functional dependency. Theremaining
two, Fifth Normal Form and Domain Key Normal Form,
introduce somewhat different kinds of dependencies. The
last two Normal Formsare not often met within practice.
Near the end, | will comment on the different forms of
dependency these Normal Forms employ. For the com-
monly employed Normal Forms, functional dependency is
the key concept.

UNDERSTANDING FUNCTIONAL
DEPENDENCY

There are two different ways of defining functional de-
pendency: an intuitive intensional way and a precise
extensional way. Intensional definitionsuse psychologi-
cal or meaning elementsinvolving dependenciesinknowl-
edge—for example, we need to know customer hame in
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