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Thi s paper discusses the data normalization process in database
design froma practical and theoretical perspective. Exanples are
presented to illustrate nmultiple approaches to the process.

Model i ng the enterprise

It is usually inportant, especially for new conputerization, to
nodel the existing workflow as nuch as is practical. Wile this
phase is an opportunity to inprove workflow in the enterprise the
advant ages of this nust be bal anced agai nst the di sadvant ages of
the effects any workfl ow nodifications will have on staff. A part
of nodeling the enterprise is to identify the data el enents
involved in the work and to organize it in a way that facilitates
wor kf | ow whil e as nmuch as possi bl e nodeling the data

rel ati onships that actually exist in the organization’s

envi ronnent .

Nor nal i zat i on

Prior to actual system design, when devel opi hg dat abases, you
nmust derive the data el enents which are needed. If the

organi zati on has done strategic data planning this process wll
nostly involve selecting data elenments fromthe strategic

dat abase's data dictionary. If not then it is inportant to
identify any shared data resources which will be used and then
define additional data itens which will be required.

Data dictionaries (not technical but descriptive ones) should be
devel oped at this stage if they do not exist. Although they wll
nost |ikely change during normalization it is inmportant to have a
clear data dictionary of the original systemto begin the
normal i zati on process. The devel opnent of the data dictionary
will start wwth identifying relevant data el enents and creating
cl ear, unanbi guous definitions of those elenents. It is essentia
that the definitions be clear and consistent and that the

organi zation uses themconsistently. If a single data elenent is
defined in nore than one way the data can becone essentially
meani ngl ess. This is particularly true of systens which will be
used for inportant anal yses.

As an exanpl e, suppose we have a contact nanagenment system One
of the contact types we would have is phone calls. On the
surface, this seens sinple. However, do we track a phone cal
that is attenpted but not conpleted (busy signal)? Tracking the
attenpt may be inportant. Do we track a call which we conplete
and where we did not get the party we wanted but rather left a



message? Is it different if we |eave a voice nmail or a nessage
wWth a secretary? Qoviously all these are different froma cal

we conplete where we talk with the intended party. And what about
incomng calls as conpared to outgoing? So categorizing each type
of phone call becones inportant and cl ear definitions of what
constitutes each type of call becones essential.

| will use this contact nmanagenent exanple throughout this
docunment. So let’s begin by identifying data el enents. W wll

We Deliver Contact Sheet

Nane: Althea Genofski, Director

Organi zation: Springfield AIDS Prevention Project
Address: 43 State Street

Cty: Springfield

State: MA

Zi p: 01107

Phones: 413 293-8456 O fice, 413 293-7748 fax, 413 293-5542
beeper

Contact description: Private non-profit comunity agency.
Cal l ed on 7/1/2002 for info.

Call ed on 8/5/2002 to order TLC kits in Spanish and English
and the AIDS info in both | anguages too

Order info: 8/5/2002: 10 Spanish TLC kits (NC. $3 S&H ea)
10 English TLC kits (NC. $3 S&H ea) and 10 Aids kits (NC
$1 S&H ea)

Paynent received on: 9/10/2002 - 70.00

Dat e Last Modified: 9/10/2002

Form 1: Contact sheet

assune this systemtracks contacts for sales and the orders the
sal es contacts generate. W will al so manage the shi pping data
here so that sales fol ks using the systemcan tell if the sales
have been shipped. (Note: This systemw || be sinplified so as to
provi de good exanples but a real contact nmanagenent system which

does this would tend to be nore conplex. I wll focus on the
contact rather than the order side of the application for this
paper. Al so, spaces, _,-,# should not generally be used in field

and tabl e nanes, especially in Paradox, but are used here for
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readability.)

Let us suppose the organization currently tracks contacts on
paper (or in a non database format such as word processing) using
a contact formsuch as that in Form 1 above.

I n thinking through a contact systemthat neets the needs above
we have to think about the nature of contacts, the nature of
orders, and our business nodel. W can then begin |isting
characteristics of those that we need to track. Based on the
cont act sheet above sone of the itens we woul d need incl ude:

Nanme

Title

Addr ess

Gty

State

Zip

Organi zati on

Organi zati on Address
Organi zation Cty

Organi zation State

Organi zation Zip

Phones # (1..n)

Phone # Description(1l..n)
Cat egory of person/organi zation Description(l..n)
Type of contact Description(l..n)
Dates of contact(1..n)
Order Date(1l..n)
Quantity(1..n)

ltem(1..n)

Price(l..n)

Shi ppi ng(1..n)

Amount pai d(1..n)

Date paid(1l..n)

While these itens would need to be defined clearly as nentioned
above, the details of these definitions are usually

organi zational |y based. Because of that I will not go through
that here but will describe specific definitions as needed.
shoul d al so nake it clear at this point that the process of
identifying data itens, normalizing data and defining it is an
iterative process. Each part affects the others and changes w ||
take place as the process proceeds.

During the normalization process we nust identify 3 basic types
of database elenent: entities, attributes and rel ati onshi ps.
Entities are generally real world objects or concepts. A person
may be an entity. So might an order or a bill. Attributes are
conponents that describe the entity. For exanple, first nanme and
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| ast nane are two attributes of the entity “person.”

Rel ati onshi ps descri be the connection or interdependence anong
entities. For exanple, the entity person wll have a relation
with one or nore address entities. Relationships are generally
delineated as one to one (1:1), one to many (1: M or many to many

(MM .

The primary entity in this contact set is the person. That is the
entity whom we have contact with so it is central to the database
and, for our purposes here, all relationships flowfromit. The
itens identified as 1..n indicate that there could be any nunber
of these for any individual (hone phone, work phone, cell phone,
etc.)

Once the data itens are derived and defined it is inportant to
normal i ze them There are 5 rules of normalization (relating to
what are called "Normal Forni). Lets work the data itens through
normal i zation. Normalization involves breaking data into | ogica
sets that nodel the real world as efficiently and conpletely as
possi bl e. This involves applying a set of rules to the data and
t hi nki ng about the real world use and application of your data.
The sets are groups of attributes which are descriptive of
entities.

Keys and Li nks

Normal i zation al so invol ves creating keys for each data set. A
key is a unique identifier for the records in the 2 dinensiona
data set. This can be a single field or can be conposed of
multiple fields which together forma unique identifier (this
|atter is called a conpound or concatenated key).

Nor mal i zati on al so i nvol ves designing the |inkages between data
sets. Links are always nade based on data contained in the 2 or
nore related data sets. The data nust exist in both data sets for
the link to be created.

In cases where the link exists on values that are unique in both
data sets a 1:1 relationship exists. Since the value can only
exi st once in each table and the relationship is based on that
value only one record in each set wll match one record in the
ot her.

In the case of the |link values being unique in one data set but
not unique in another we say we have a 1l:Mrelationship. Since
the value is based on a unique value in the first set but a
potentially repeated value in the other set the unique value in
the first set can nmatch many records in the second set.

In cases where the link exists on values which are not unique in
either set we say we have a M Mrel ationship. Since the val ues
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can exist repeatedly in both sets the value associated wth
several records in one set may al so be associated with multiple
records in the second set. In general practice, however, nost
many to many links are actually inplenmented by using two separate
tables that have a one to many relationship to an internedi ate
table which is generally referred to as a relationship table.

There are 2 schools of thought about record keys. One is that it
shoul d use real and neaningful data as part of a record key. The
second is that all record keys shoul d be neani ngl ess integers
(which is generally referred to as a surrogate key). | generally
conme down | eaning towards the neani ngl ess integer (surrogate) key
but there are tinmes when neani ngful data keys nmake nore sense.
think in sonme circunstances, keys which are derived fromreal
data, or which have real data enbedded in them (e.g. serial
nunbers which tell you sonething about the manufacturing | ocation
and product run) can be useful. In nmany cases, however, integer
keys are nore efficient and secondary indices can be used on
fields with real data instead of using themas keys. In the
follow ng exanples I will use a m x of both nethods.

A common probl em w th neani ngful keys is that a designer picks
sone val ue they expect will never change. Later, because of

busi ness rul e changes, real world events or m sinformation about
the nature of the value, the key val ue does change. This can be a
serious problemfor data integrity and data audits. Key val ues
shoul d be sel ected such that they shoul d never change. Even such
seem ngly invariant values as a US social security nunber can end
up bei ng changed because of such things as identity theft. This
makes it a poor choice as a key. Surrogate keys, on the other
hand, will be unique by definition and, since they are
meani ngl ess, they wll never need to be changed. This is a very
strong argunent for them

There are also 2 basic approaches to linking with keys. In one,
the key of parent is repeated as part of the key of the child. In
cases of a 1:1 relationship this is fully acceptable. In the case
of a 1:Mrelationship the parent key is repeated and the child
adds one or nore data elenments to the parent’s key. This forces
the use of conpound keys and can be nuch |l ess efficient and
require nore redundant data. The second is the key/foreign key
approach in which the child records have a uni que key of their
own whi ch has no data fromthe parent key and al so contains the
parent key as an attribute, but an attribute (field) which is not
part of the child s key. Both approaches will be illustrated

bel ow, but generally the key/foreign key approach is nore
efficient as well as nore robust froma data integrity point of

vi ew and conpound (concatenated) keys are best avoi ded.

Anmong the reasons why concatenated keys are best avoided are the
fact that the growi ng key size as you proceed into deeper |evels
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of the database increase the size of your keys and anount of data
redundancy and data transport. You can end up in situations where
you have nore fields in the key than in the actual attributes of
the key. Conpare this to carrying a single foreign key field to
the next child table. In addition, in sonme database software this
will potentially nmake your indices nore fragile and susceptible
to damage. Loss of data integrity may result. There are
addi ti onal reasons but they will not be addressed in this paper.

Rul es of Normalization

There are 5 rules of normalization. Few databases go through
progressive normalization such as will follow As one gains nore
experience one begins to see relationships and junp to higher

| evel s without going through the others first. A so, as we
progress through each normal formhere we will not take every
data set in the database to the next normal formbut wll
illustrate it wth certain sets.

The first rule of normalization is to Elimnate repeating groups.
Make separate sets for each group of related attributes and give
each a primary key (first normal form.

In Figure 1 | have taken our data el enents and broken theminto
groupings to elimnate repeating groups and we have created a key
for each group. |I have also created a relationship for each data
set to the NAME data set. (Note: overlaps between tables indicate
they are related by a Iink, an * after a field nane indicates the
field is an

el ement of the

NAME Table

key in that
ORDERS Table | Name: [ID# * (FK)after a

field name

ID#: * itla-  |Category of person/organization Description: *| ! !

. Ui i ndi cates the
Order Date: Address: f| el d | s a
ltem ID: * City: CONTACT Table foreign key in
ltem Description:| State: ID#. t hi':lt t t abl t(i' \tl\/m ch

relates | o}
T Toe Dates of contact: *

Quantity: Zip: o the parent.)
Price: Organization: Type of contact Description: *

| have taken the
data related to
t he i ndi vi dual

t hat does not
repeat and
placed it in a

Shipping: Organization Address:
Organization City:

Organization State: [PHONE Table
Organization Zip:

PAYMENTS Table tabl e call ed
Payment ID#: * Phone # Description: NAME. The data
ID#: (FK) items we had

Date paid: previously

Amount paid: Page 6

Figure 1 First Normal Form



identified as 1..n have now been broken out into separate tables
with a 1: Mrelationship to the NAME table records. For exanple,
rat her than have separate itens in the nane table for Wrk Phone,
Cel | Phone, Beeper, etc. and have many of them be bl ank, we have
br oken the Phones out into a table of their own. W now can store
only phone types the person has.

We have repeated the | D# which we created as a uni que identifier
for NAME records in nost of the related tables to provide a |Iink
with all the subsidiary (child) tables. In sone cases we have
used that as the first elenment of a nulti part key but have added
enough other elenments in the child table key to nake each record
in the child tables unique (these are concatenated keys). For
exanpl e no individual wll have the sanme phone nunber tw ce (the
key is ID# & Phone#) . This will have to be partly mtigated by
havi ng a phone description that includes individual use |ines and
multi use lines (e.g. we will need separate categories for Wrk,
Fax and Wrk & Fax)

Note al so that a better approach in nost circunstances is the
Key/ Forei gn Key approach. In this approach the key of the child
table is another unique integer or other type of key if we are
not using surrogate keys. The |link between the parent and child
records in the tables is nade by using a secondary index on the
foreign key, which is the key value fromthe appropriate record
in the parent table. This foreign key value is not part of the
key in the child table, however, as concatenated keys are
general ly best avoi ded, especially for |inking purposes as
descri bed above.

Thi s Key/ Forei gn Key approach is illustrated in the PAYMENTS
table (in Figure 1 above) where each paynent has a Paynment | D#
Key and the link is on the Foreign Key ID# which is the key of
the Parent table but not part of the key in Paynents.(Note: You
may find i ssues above which seem presently unresol vabl e such as
what happens if a person is involved with nore than one

organi zation. These will be addressed as we continue.)

The second rule of normalization is Elimnate redundant data. |If
an attri bute depends only on part of a multivalued key renove it
to a separate table (second normal forn).

Note that in the Figure 2 (below) we have separated the ORDERS
Tabl e to ORDERS and | TEM DESCRI PTI ON Tabl es. Since our item
nunbers are unique and the descriptions are only related to the
item nunber there is no need to have both in the table. Note al so
t he CONTACT and CONTACT TYPE tabl es and CATEGORY and CATEGORY

LI STI NG t abl es have been created fromthe origi nal CONTACT and
CATEGCORY tables. Wiile this is not strictly necessary we have
decided to do this because codes are easier to type and renenber
accurately and codes will take | ess storage space than ful
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descri ptions.
By doing this
we create
smal | tables
wi th | ookup
val ues whi ch
are related to
t he ot her

tabl es. These
tables w |l
contain a
finite (at any
point in tine)
[ist from

whi ch cont act
cat egori es and
or gani zati on
cat egories can
be sel ected at
any point.
Only the code
need be stored
in the
transaction Figure 2 Second Normal Form
table (the

addition of a category in this case).

Note al so that the contact table has al so been converted to the
nore efficient Key/Foreign Key format for |inking. Again, this
gives us a single key for the table while maintaining a 1: MIink
with the parent through the foreign key which is the parent key
val ue of the |inked master.

The third rule of nornmalization is Elimnate itens not dependent
on the key. If attributes do not contribute to the description of
the key renove themto a separate table. Usually this |evel of
normal i zation is adequate(third normal fornm). Note al so, that
when we say key in this context we nmean the unique entity itself,
not necessarily the value of the key field as it nmay be just a
meani ngl ess i nteger defining uni queness.

Note that in figure 3 we now have an ORGANI ZATI ON LI ST t abl e.
Organi zati on was not dependent on the key of the NAME table
although it is related. Many people may bel ong to one

organi zation. In fact any individual may al so belong to nore than
one organi zation we deal with although that will be sonmewhat |ess
likely than the other case. So | have broken out the

organi zations to a table of their owmn. W still need a

rel ati onship between the person in NAVE and the organization(s)
to which they bel ong.
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Organi zati ons now al so need a uni que key of their own. W have
options for howto handle that in third normal form If we w sh
to capture organi zations only once but multiple people may be
associ ated with them then we can place the Organization ID field
in the NAME table. This allows us to place the |ink between an
organi zation and many individuals while still only entering the
organi zation once. If instead we wanted to have one person
related to nultiple organi zation records we could place the
Person ID field in the ORGANI ZATI ON table. Then a record in NAME
could be related to as nmany records in ORGANI ZATI ON as we want.
Note in either

CATEGORY Table case t he
CATEGORY LISTINGTable ID#: * f or ei gn key
Category of person/organization #: * Organization ID: * ( t he one t hat
Category of person/organization Description: Category of organization #: * cones fr omt he
ORGANIZATION LIST Table ot her, rel ated
TR Organ?zat?on ID:* t abl e) I's not
Tavae Organization: part Of t he
ITEM DESCRIPTION LIST Table | IName: S t( e%l f O{ t \r/]vli' h
Item ID: * ORDERS Table Title: PR G i ? i g f gr ei I :‘:l
Item Description: ID#: * Address: e Fi but i |1 o
Order Date: * City: IR p;r t | Zf at heOr
Item ID: * State: T key in the
Quantiy: Zip: CONTACT Table ot her table
Price: Organization ID: Contact ID#* | f however
o ID#: (FK |+ ’
Shipping: Dat ( f) et mul ti pl e
ates of contact: *
PHONE Table PAYMENTS Table | [Type of contact #: * PY&O? : S| an
ID#: * Payment ID#:* or gani zati ons
Phones # : * ID#: (FK) = CONTACT TYPE LIST Table need to be
Phone # Description: -|-Date paid: * _Type of contact #: * related to
Amount paid: Type of contact Description: eac h ot her
(MM then we
Figure 3 Third Normal Form can not

capture that
relationship in this way and nust add a relationship table. This
is denonstrated in the CATEGORY table as di scussed bel ow.

Once we break the organi zations out it has ramfications for the
CATEGCORY table. Since previously we were categorizing a table

wi th both people and organi zations in the sanme entry we now have
to deci de whether to categorize the people, the organi zation or
both. We al so have to decide whether we will do this from an
integrated list or from2 separate lists. In this case we chose
to have the | ookup table shared since the categories may be
shared. For exanple, you m ght categorize the organization as
non-profit and conmunity hospital and good sal es prospect. You

al so mght classify the person as good sal es prospect and
purchasi ng adm ni strator. Since sonme of the classifications could
be shared by people and organi zations it could then be one | ookup
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table. In Figure 3 we denonstrate having an integrated category

| ookup table shared by the CATEGORY table for categorizing both
and the ORGANI ZATION tabl e and the NAME table. This rel ationship,
however, has certain problens associated with it.

Wil e we coul d have captured the relationship by placing a
Category IDin to both the ORGAN ZATI ON tabl e and the NAME tabl e
this would allow us al so only one category per person and one per
organi zation. W are now capturing a many to many rel ati onshi p.
In this instance any organi zation can have any nunber of
categories and any nane can have any nunber of categories. The
other IDin the table will be blank (Oganization IDis blank if
we are categorizing nanes and IDis blank if we are categori zing
organi zations). This is not a good design, and in fact would not
be done this way in a real system but it is illustrative here.
In a better design we would have 2 relationship tables using one
| ookup list and each relation table relating the Iist to one of
t he tabl es, organization or person.

The fourth rule of normalization is isolate independent nmultiple
rel ati onships. No data set can contain two or nore one to many or
many to many relationships that are not directly related (fourth
normal form. Note again the CATEGORY table in Figure 3. In this
table we are capturing 2 many to many rel ationships. Any

ORGANIZATION ADDRESS Table
CONTACT Table CONTACT TYPE LIST Table Address ID:*
Contact ID#: * Type of contact #: * Organization ID: (FK)
ID#: (FK) Type of contact Description: Organization Address:
Dates of contact: | Organ?zat.ion City:
Type of contact #: (FK) [NAME Table Organization State:
D * Organization Zip:
Name: ORGANIZATION LIST Table
PAYMENTS Table Tile: Organization ID:*
Payment ID#: * ' Organization:
ID#: (FK) Address:
Date paid: (Slity:
i tate: ORGANIZATION CATEGORY Table
Amount paid: Zip: PERSON CATEGORY Organization ID: *
Address ID: (FK) IR Category of organization #: *
ORDERS Table 107
N~ Category of person #: *
PHONE Table
ID#: (FK)
St o ID#: * CATEGORY LISTINGTable
St Phones #: * - Category of person/organization #: *
Phone # Description: Category of person/organization Description:
ITEMSTable
Item ID#: *
Order ID#: (FK)
Item ID: (FK)
Quantity: ITEM DESCRIPTION LIST Table
Price: Item ID: *
Item Description:

Figure 4 Fourth Normal Form



organi zati on can have as many categories as we w sh and any nane
can as well. And any category can be related to as many nanes or
organi zations (or both) as we wish. This violates the rule.

To nmeet fourth normal form|l have now separated the two many to

many relationships in Figure 4. W have still retained a single

CATEGORY LI STI NG tabl e but we now have 2 separate tables for the
rel ati onshi ps. The PERSON CATEGORY tabl e now contains the Person
| D and the Category of Person #. The ORGAN ZATI ON CATEGORY t abl e
now contains only the Organization ID and the Category of

Organi zation #. W can still capture the relationships we could

before but in a cleaner way and w thout carrying the baggage of

the enpty field.

| have made ot her changes here to the structure although these
are not, strictly speaking, about fourth normal form While one
person is nost |likely only involved with one organi zati ona
address the |likelihood of sone organi zati ons having nore than one
address is high. So we would have to redundantly store the

organi zation information and all its categorization if we had an
organi zation with nore than one address and we had people rel ated
to those separate addresses.

Technically this is a third normal formissue again since the
organi zation address information is not dependent on the key of

t he ORGANI ZATION table. So | have broken out the organization
address. In that ORGAN ZATI ON ADDRESS tabl e we now have an
Address ID. That Address IDis now placed as a foreign key in the
NAME table and the Organization IDis now place as a foreign key
in the ADDRESS table. This allows any person to be at one address
and any address to have many people and any address to have only
one organi zation but any organi zation to have any nunber of
addresses. Notice that while noving to fourth normal formin one
area we have also addressed a third normal formissue in another
ar ea.

In fact we m ght even want to do the sane thing for the NAME
Table. If one person may belong to many organi zations or if we
want to capture nore than their honme address we woul d have to
di sassenbl e the NAME table too.

Note also that in Figure 4 all the foreign keys have been

| abel ed. They were not all identified in earlier figures to avoid
sonme confusion. But also note that since data rel ationships work
in 2 directions the foreign key can be on either side of the

rel ati onship as di agramed. For exanple | have now broken out
orders into ORDERS, | TEMS and | TEM DESCRI PTION (a far nore
functional approach) and used the Key/ Foreign Key approach.
Notice that many orders can be connected to a person but an order
can only be connected to one person. So the FK is on the ORDERS
side of the 1:Mrelationship. But also notice that the Item can
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only have one description (1:1) but the description can be
connected to many records in the ITEMS table. So the FKis in the
| TEMS Tabl e even though the relationship is diagramed as 1:1
(although it is in fact M1) fromITEMto | TEM DESCRI PTI ON si nce
the value can repeat in different records and if we were to
reverse the relationship to display all line itens with that
description the relationship would now be 1: M| TEM DESCRI PTION to
| TEM (Renmenber, a full 1:1 relationship links the actual Key in
both sides of the relationship. In diagrans, however, a M1 is
often represented, or interpreted a 1:1 functionally although not
in fact.)

The fifth rule of normalization is to isolate semantically
related multiple relationships. There may be practi cal
constraints on information which justify separating logically
related many to many rel ationships (fifth normal form. In
practice this is done for efficiency of entry and updates nore
than for representing the logic of the data. It tends to grow
naturally out of the nornmalization process.

Suppose, for exanple, we wanted to capture not only every phone

number where we can reach soneone but al so the address to which
t hat phone nunber is related since nost phone nunbers are address

Fourth Normal For

PHONE Table

ID#: * Phones # : * Phone # Description:
1 508 555-1234 Main

1 508 555-5678 Secretary
1 508 555-9012 Fax

2 508 555-1234 Main

2 508 555-5678 Secretary
2

3

3

3

NAME Table
ID#. * Name:
1 Lionel Rioux

2 Anibal Mimosa
3 Gerald Lett

508 555-9012 Fax
508 555-1234 Main
508 555-5678 Secretary
508 555-9012 Fax

Fifth Normal Form

PHONE Table

NAME Table Address ID#: * Phones # : * Phone # Description:
ID#. * Name: ADDRESS Table 508 555-1234 Main
1 Lionel Rioux ID#: * Address ID* 508 555-5678 Secretary
2 Anibal Mimosa 1 4 508 555-9012 Fax
3 Gerald Lett 2 4
3 4

Figure 5: Comparison of Fourth and Fifth Normal Form
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specific unless they are nobile. This suggests a person to phone
to organi zati on address relationship which we have not captured.
Suppose we have one organi zation address with 3 people who al

have the sane 3 phone nunbers (Miin, Fax, Secretary). To capture
this relationship in forth normal formwe use Address ID, Nanme ID
Phone Nunber. This creates 9 separate entries to capture the

PHONE Table
Address ID#: *
Phones # : *

Phone # Description:

CONTACT TYPE LIST Table
Type of contact #: *
Type of contact Description:

CONTACT Table
Contact ID#: *
ID#: (FK)

Dates of contact:
Type of contact #: (FK)

ADDRESS Table
ID#: *
Address ID*

NAME Table ORGANIZATION ADDRESS Table
ID#: * Address ID:*
Name: Organization ID: (FK)

PAYMENTS Table Title: Organization Address:

Payment ID#: * Address: Organization City:

ID#: (FK) City: Organization State: ORGANIZATION LIST Table
Date paid: State: Organization Zip: Organization ID:*

Amount paid: Zip: Organization:

ORDERS Table PERSON CATEGORY Table ORGANIZATION CATEGORY Table
Item ID#: * ID#: * Organization ID: *

ID#: (FK) Category of person #: * Category of organization #: *
Order Date:

Shipping:

CATEGORY LISTINGTable
Category of person/organization #: *

ITEMS Table Category of person/organization Description:
Item ID#: *
Order ID#: (FK)
Item ID: (FK)
Quantity: ITEM DESCRIPTION LIST Table
Price: Item ID: *
Item Description:

Figure 6 Fifth Normal Form

rel ati onshi ps and works fine. To be nore efficient, however, we
could create 2 tables. One would contain the Address ID and the
Nanme ID (Currently in NAME) and the second would contain the
Address Id and the Phone#. This captures the sane relationship in
6 entries (see Figure 5).

In Practice this would change our organi zati on address
relationship as well (see figure 6).

Concl usi on

An inportant thing to renenber about normalization is that it is
not an end in itself. The primary purpose of normalization is to
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nodel your real world situation in the conputer database while
elimnating the potential for introducing anonmal ous data and
error. Few databases are fully normalized out to fifth norma
formnor do nost need to be. Once you have nornalized
sufficiently to elimnate potential data entry or relationship
anomal i es you are nost likely sufficiently normalized.

Al so you should realize that this may seemto increase the
conpl exity of your devel opnent and nmake it sonewhat nore
conplicated to display your data and report it. Begi nning

devel opers often confuse data capture and storage issues with
data display and reporting i ssues. Tenporary denornalization is
often used for those latter purposes since display and reporting
are not related directly to data entry and storage.
Denornal i zation for those purposes does not create error in the
actual stored data as you create tenporary tables which are
denormal i zed but have no effect on the actual tables used for
data entry and storage.
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