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Topic IV: Design a Simple
Relational Database using Data
Modeling and Normalization

« Description and Information Gathering

+ Data Model

« Normalization, Functional Dependencies
and Constraints

« Final design, Relationships, Primary keys
and Foreign keys
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Description of Database

« Keep track of new medications that are in
trial testing.

 Keep track of the medications, the trials
for those medications and the clinical
institutions doing the testing.
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Information Gathering

» Through meetings with users and looking
at forms and reports it was determined
that certain data about a clinical institution
needed to be kept in the data base.

— Name of the institution
— Address
— Contact information
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Information Gathering
Continued
Keep track of medications and trials:

Drug name Trial code
Drug creator Trial start date
Date of Creation Trial end date
Drug family Trial results description
Drug use Trial cost resource
Drug description
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Data Model - First Attempt

ClinicalTrialTestineInstitution Medication

CK InstName CK DrugName

CK InstContact 1 o DrugCreator
InstAddress 1 """ +:1: DateOfCreation
DrugFamily
DrugUse
DrugDeliveryCode
DrugDeliveryMethod
DrugDescription

CK TrialCode
TrialStartDate
TrialEnddate
TrialResultsDescription
TrialCostResource
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Normalization

A database is normalized to eliminate data
anomalies: Insert, Delete, Update

 Functional dependencies

« Constraints
— Data rules that must be followed

« Referential Integrity Constraint
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Functional Dependencies

+ Data within a row can be shown to be
dependent on a candidate key

ClinicalTrial TestineInstitution Medication
CK InstName CK DrugName
CK InstContact i £ DrugCreator
InstStreet '{ """ ‘I":Zi DateOfCreation
InstCity DrugFamily
InstState DrugUse
InstZip DrugDeliveryCode
DrugDeliveryMethod
DrugDescription
CK TrialCode
TrialStartDate
TrialEnddate
TrialResultsDescription
TrialCostResource
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Referential Integrity
Constraint

« An attribute of one entity is a subset of an
attribute of another entity.

PharmacyMedications PatientMedications
MedName MedName
MedID Patientlllness
MedUse { - 'q -1 PatientIns
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First Normal Form (1NF)

« Definition of a relation
— Data rows within an entity must be unique and
connected describe an instance of the entity (no data
in a relation that is associated with something else).
— Columns (attributes) are uniquely named, are of the
same data type and will contain only one value.
— The order of rows and columns is not important.
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Putting the Example database

in First Normal Form

Nothing indicates that rows in the entities
are not unique

Attributes are connected to each entity
Columns are uniquely named
ClinicalTrialInstitution ;{ =
address contains pieces of data S
(Street, City, State and Zip)
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Putting a Database In 1NF

ClinicalTrialTestineInstitution Medication
CK InstName CK DrugName
CK InstContact g » DrugCreator
InstStreet ’| """"" ‘I":ii DateOfCreation
InstCity DrugFamily
InstState DrugUse
InstZip DrugDeliveryCode
DrugDeliveryMethod
DrugDescription
CK TrialCode
TrialStartDate
TrialEnddate
TrialResultsDescription
TrialCostResource
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Second Normal Form (2NF)

« 2NF eliminates deletion and insertion
anomalies that are due to having an
attribute or attributes dependent on
something other than the key.

« This is especially true for composite keys.

 To be in second normal form attributes
must be dependent on the whole key.
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Second Normal Form
Continued

« A relation is in 2NF if all its non-key
attributes are dependent on the entire
key.

+ A relation in 2NF must also be in 1NF.
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Putting The Trial DB In 2NF

ClinicalTrial TestineInstitution Medication
CK InstName CK DrugName
CK InstContact " - DrugCreator
InstStreet 4| """ ‘I‘:'Q DateOfCreation
InstCity DrugFamily
InstState DrugUse
InstZip DrugDeliveryCode
DrugDeliveryMethod
DrugDescription
CK TrialCode
TrialStartDate
TrialEnddate
TrialResultsDescription
TrialCostResource
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Putting The Trial DB In 2NF

ClinicalTrial TestineInstitution Medication
CK InstName CK DrugName
CK InstContact DrugCreator
InstStreet DateOfCreation
InstCity DrugFamily
InstState DrugUse
InstZip DrugDeliveryCode
DrugDeliveryMethod
i DrugDescription
Trial :
' CK TrialCode 1
[ o TrialStartDate i:,|, o
¥ TrialEnddate i
TrialResultsDescription
TrialCostResource
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Third Normal Form (3NF)

« 3NF eliminates deletion and insertion
anomalies that are due to having an
indirect dependency where an attribute is
indirectly dependent on the key

« The attribute is directly dependent on an
attribute that is dependent on the key

 The indirect dependency on the key is
called a transitive dependency
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Third Normal Form

Continued

- A database is said to be 3NF if there are no
transitive dependencies

« A database in 3NF must also be in 2NF and 1NF

» Many Database Administrators (DBAs) consider
3NF to be sufficient for most business and
health care databases.

« Putting the database in a higher level of
normalization may make the database less
efficient.
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Putting The Trial DB In 3NF

ClinicalTrial TestineInstitution Medication
CK InstName CK DrugName
CK InstContact DrugCreator
InstStreet DateOfCreation
InstCity DrugFamily
InstState DrugUse
InstZip | DrugDeliveryCode
DrugDeliveryMethod
i DrugDescription
Trial ’
' CK TrialCode '
L o TrialStartDate i;‘{, R
N TrialEnddate i
TrialResultsDescription
TrialCostResource
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Trial DB In 3NF

ClinicalTrial TestineInstitution

CK InstName Medication
CK InstContact CK DrugName
InstStreet DrugCreator
InstCity DateOfCreation
InstState DrugFamily
InstZip DrugUse
DrugDeliveryCodeFK
- DrugDescription
8
Trial P

H Delivery

: CK TrialCode Lo _
e TrialStartDate 4 i L} CK DrugDeliveryCode
U] TrialEnddate o DrugDeliveryMethod

TrialResultsDescription
TrialCostResource
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Other Normal Forms

» DBAs troubleshoot problems and on occasion
will use normal forms beyond 3NF.

» A database can be de-normalized to solve some
slow response problems.
» Boyce-Codd Normal Form (BCNF)
— A determinant is an attribute that determines
another attribute

— A database is in Boyce-Codd form if every
determinant is a candidate key
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Other Normal Forms

« Fourth Normal Form (4NF)
— This situation is rare

— A multi-value dependency exists when there
are a minimum of three attributes, two of the
attributes are multi-valued and the values of
the two multi-value attributes depend only on
a 3rd attribute.

— 4NF fixes an update anomaly that involves a
multi-value dependency

— A database is in 4NF when there are no multi-
value dependencies
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Other Normal Forms

« Fifth Normal Form (5NF) or Project-Join
Normal Form (PINF)

— Extremely rare
— Generalization of multi-valued dependencies
— Difficult to deal with

« Domain Key Normal Form (DKNF)
— Generalization of other non-time constraints
— Difficult to deal with
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Evolution of the Data Model

 Data model progresses from being volatile
with many changes to a database design
with little change or surprises

« In the final design, entities become tables,
relationships show minimum and

maximum cardinality and primary/foreign
keys are chosen
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Final Design of the Trial DB

ClinicalTrial TestineInstitution

PK InstName Medication
InstContact PK DrugName
InstStreet DrugCreator
InstCity DateOfCreation
InstState DrugFamily
InstZip DrugUse
FK DrugDeliveryCodeFK.
—_ DrugDescription

: Trial

H Delivery
PK TrialCode H
TrialStartDate L JIEKPreDe! veryCode
TrialEnddate DrugDeliveryMethod
TrialResultsDescription
TrialCostResource
FK DrugNameFK
FK InstNameFK
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