David M. Kroenke’s

Chapter Premise

v ] » We have received one or more tables of

)ase Pr ocessing: existing data

‘ ?esign, and Implementation » The data is to be stored in a new database
* QUESTION: Should the data be stored as

received, or should it be transformed for
storage?

or Three:
The Relational Model
and Normalization
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How Many Tables? But first -

i Data in Table 'SKU_DATA' in 'DB10e_Chapter3'on ‘(local)’ |- [D[X
I CT— o Crra—

e mmer * We need to understand:
- d — The relational model
— Relational model terminology

Should we store these two tables as they are, or should we combine them
into one table in our new database?
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The Relational Model Important Relational Model Terms

« Introduced in 1970 Entity
Relation
e Created by E.F. Codd Functional Dependency
—He was an IBM engineer

Determinant
) Candidate Key
— The model used mathematics known as

Composite Key

“relational algebra” Primary Key
. Surrogate Key
* Now the standard model for commercial Foreign Key

DBMS products

Referential integrity constraint
Normal Form
Multivalued Dependency
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Entity

* An entity is some identifiable thing that
users want to track:
— Customers
— Computers
— Sales

Relation

* Relational DBMS products store data about entities in relations,
which are a special type of table
« Avrelation is a two-dimensional table that has the following
characteristics:
— Rows contain data about an entity
— Columns contain data about attributes of the entity
— All entries in a column are of the same kind
— Each column has a unique name
— Cells of the table hold a single value
— The order of the columns is unimportant
— The order of the rows is unimportant
— No two rows may be identical
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A Relation
F LastName | Department Email Phone
100 Jerry Johnson Accounting | JJ@somewhere.com | 236-9987
200 Mary Abernathy Finance MA com |444-8898
300 Liz Smathers Finance L com |777-0098
400 Tom Caruthers | Accounting | TC! com |236-9987
500 Tom Jackson Production | TJ@somewhere.com | 444-9980
600 Eleanore Caldera |Legal EC@somewhere.com | 767-0900
700 Richard Bandalone | Legal RB@somewhere.com | 767-0900
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A Relation with Values

of Varying Length

EmployeeNumber FirstName  LastName  Department Email Phone  Comment

100 Johnson  Accounting  Ji@somewhere.com  236.9967  Joined the Accaunting Depattment in
March after completing his MBA at

night._ Will st for CPA exam this fall

20 Mary Abemathy  Finance MAGsomewhere. com 4448698
30 Lz Smathers Finance L 7770098
400 Tom Canuthers  Accounting  TC@somewhere.com 2369987
50 Tom Jackson  Production  TJ@somewhere.com 4449960
60 Eleanare Caldera Legal EC@somewhere.com 767-0300
70 Richard Bandalone  Legal RE@somewhere.com 767-0900 s a full ime consultant to legal on @
etainer basis.
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Tables That Are Not Relations

Multiple Entries per Cell

EmployeeNumber FirstName  LastName  Department  Email Phone
100 Jerry Johnson Accounting JJ@somewhere.com  236-0000
200 Mary Abemathy  Finance MA@somewhere.com  444-8896
300 Liz Srathers Finance LS@somewhere.com 777-0098
400 Tom Caruthers Accounting TC@somewhere.com 235-0000,
2380991,
236-0991
500 Tom Jackson Production TJ@somewhere com  444-9880
600 Eleanore Caldera Legal EC@somewhere.com 767-0300
700 Richard Bandalone Legal RB@somewhere.com  767-0900,
767-0011
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Tables That Are Not Relations:

Table with Required Row Order

EmployeeNumber FirstName LastName Department  Email Phone
Jerry Johnson \Accounting  J@somewhere.com 2359987
200 Mary Abemathy Finance MA@somewhere.com 444-8398

300 Liz Smathers Finance LS@somewhere.com 777-0098
400 Tom Caruthers Accounting TC@somewhere com  236-9987
Fax: 236-9987

Home: 555-7171

500 Tom Jackson Production TJ@somewhere.com  444-9990
600 Eleanore Caldera Legal EC@somewhere.com 767-0900
Fax: 236-9987

Horne: 5557171

700 Richard Bandalone Legal RB@somewhere.com  767-0900
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Alternative Terminology

< Although not all tables are relations, the terms table and
relation are normally used interchangeably

« The following sets of terms are equivalent:

Class Property Object or Instance
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Functional Dependency

« Afunctional dependency occurs when the value of one
(a set of) attribute(s) determines the value of a second
(set of) attribute(s):

StudentlD  StudentName
StudentID  (DormName, DormRoom, Fee)

« The attribute on the left side of the functional
dependency is called the determinant

« Functional dependencies may be based on equations:

ExtendedPrice = Quantity X UnitPrice
(Quantity, UnitPrice)  ExtendedPrice
« Function dependencies are not equations!
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Functional Dependencies Are Not Equations

ObjectColor  Weight
ObjectColor  Shape
ObjectColor  (Weight, Shape)
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Composite Determinants

« Composite determinant: A determinant
of a functional dependency that consists of
more than one attribute

(StudentName, ClassName) (Grade)
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Functional Dependency Rules

«IfA (B,C),thenA BandA C
* If (A,B) C, then neither A nor B
determines C by itself
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Functional Dependencies in the
SKU DATA Table

Let's find all the functional dependencies
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Functional Dependencies in the

SKU DATA Table
SKU  (SKU_Description, Department, Buyer)

SKU_Description  (SKU, Department, Buyer)

Buyer  Department
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Functional Dependencies in the
ORDER ITEM Table

Let's find all the functional dependencies
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Functional Dependencies in the
ORDER ITEM Table
(OrderNumber, SKU)
(Quantity, Price, ExtendedPrice)

(Quantity, Price)  (ExtendedPrice)
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What Makes Determinant Values Unique?

» A determinant is unique in a relation if, and
only if, it determines every other column in
the relation

* You cannot find the determinants of alll
functional dependencies simply by looking
for unique values in one column:

— Data set limitations
— Must be logically a determinant
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» A key is a combination of one or more
columns that is used to identify rows in a
relation

» A composite key is a key that consists of
two or more columns
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Candidate and Primary Keys

» A candidate key is a key that determines all of
the other columns in a relation

» A primary key is a candidate key selected as
the primary means of identifying rows in a
relation:
— There can only be one primary key per relation
— The primary key may be a composite key

— The ideal primary key is short, numeric and never
changes value in your problem domain

— primary keys should have minimal cardinality
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Surrogate Keys

» A surrogate key as an artificial column
added to a relation to serve as a primary
key:

— DBMS supplied (AutoNumber in MS-Access)

— Short, numeric and never changes — an ideal
primary key!

— Has artificial values that are meaningless to
users (useful for merging data sets later on)

— Normally hidden in forms and reports
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Surrogate Keys

NOTE: The primary key of the relation is underlined
below:

« RENTAL_PROPERTY without surrogate
key:

RENTAL_PROPERTY (Street, City,
State/Province, Zip/PostalCode, Country, Rental_Rate)

« RENTAL_PROPERTY with surrogate key:

RENTAL_PROPERTY (PropertylD, Street, City,
State/Province, Zip/PostalCode, Country, Rental_Rate)
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Foreign Keys

» Aforeign key is the primary key value of
one relation that is placed in another
relation to form a link between the
relations:

— A foreign key can be a single column or a
composite key
— The term refers to the fact that key values are

foreign to the relation in which they appear as
foreign key values
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Foreign Keys

NOTE: The primary keys of the relations are underlined
and any foreign keys are in italics in the relations below:

DEPARTMENT (DepartmentName, BudgetCode, ManagerName)

EMPLOYEE (EmployeeNumber, EmployeeName,
DepartmentName)
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The Referential Integrity Constraint

» Areferential integrity constraint is a
statement that limits the values of the
foreign key to those already existing as
primary key values in the corresponding
relation

» Warning: MS-Access allows one to link a

foreign key field to a non-PK field in the
parent table!
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Foreign Key with a
Referential Integrity Constraint

NOTE: The primary key of the relation is underlined and
any foreign keys are in italics in the relations below:

SKU_DATA (SKU, SKU_Description, Department, Buyer)

ORDER_ITEM  (OrderNumber, SKU, Quantity, Price,
ExtendedPrice)

Where ORDER_ITEM.SKU must exist in SKU_DATA.SKU
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Modification Anomalies

Modification Anomalies

» Anomalies Errors
— It's very important to eliminate errors in the
design of our schema
* Three Types of Anomalies
— Deletion Anomaly
— Insertion Anomaly
— Update Anomaly
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Three common types of anomalies

— Deletion anomaly
» Removing one record causes two or more facts to
be deleted from the database
— Insertion anomaly
« Inserting a new fact may be impossible without a
new instance first being added to the database
— Update anomaly

» Modifying one instance does not update all
instances (problem of having duplicate data)
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Deletion Anomalies

Insertion Anomalies

» Consider the
following relation:

« |f we remove Student
100 we lose the fact
that Skiing costs $200
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If we want to set up a
new Activity (Scuba
Diving costs $275) we
have to wait until
someone signs up for
it before we can enter
it in the DB
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Update Anomalies

Normalization

¢ The EQUIPMENT_REPAIR table before and after an
incorrect update operation on AcquisitionCost for Type =
Drill Press:
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* Normalization eliminates modification anomalies
— Deletion anomaly: deletion of a row loses information about two
or more entities
Insertion anomaly: insertion of a fact in one entity cannot be
done until a fact about another entity is added
* Anomalies can be removed by splitting the relation into
two or more relations; each with a different, “single
theme”
* However, breaking up a relation may create referential
integrity constraints
* Normalization works through classes of relations called
normal forms
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Relationship of Normal Forms
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Normal Forms

* Any table of data is in INF if it meets the definition of
a relation (see slide 8 for definition)

« Arelation is in 2NF if all its non-key attributes are
dependent on all of the key (no partial dependencies)
- g’\?':relation has a single attribute key, it is automatically in

¢ Arelation is in 3NF if it is in 2NF and has no
transitive dependencies

* Arelation is in BCNF if it is in 3NF and every
determinant is a candidate key

* Arelation is in 4NF if it is in BCNF and has no multi-
value dependencies
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2"d Normal Form

» Consider an Activity
relation with the key =
(SID, Activity)

» Butthere's a
dependency Activity

Fee which is only a
partial dependency
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2"d Normal Form (cont.)

» The presence of the partial dependency
means that the relation as we defined it is
NOT in 2@ Normal Form

* If Fee were dependent on ALL of the key

fields then there would be no modification
anomalies
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3d Normal Form

» 2nd Normal Form can
have other anomalies
e Consider this
Housing relation:
SID  Dorm, and
Dorm  Fee, thus
SID Dorm Fee
(transitive dependency)
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3 Normal Form (cont.)

A relation is in 3@ Normal Form if it is in
2"d Normal Form and there are no
transitive dependencies in the relation

 Eliminating the transitive dependencies
can often be done by splitting the relation
(X Y Z)intotwo relations (X Y and
Y 2)

e For our example:
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34 Normal Form (cont.)
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Boyce-Codd Normal Form

« Alas, there are more anomalies possible
with relations in 3NF

e Suppose Students can have more than 1
Major; a Major can have more than 1
Adviser; and a Faculty member (Fname)
advises in only one Major
— SID does not determine Major or Adviser
—But (SID, Fname)  Major
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Example: BCNF
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But Wait! There’'s More!!

 Fname  Major, thus Fname is also a
determinant (so what, you ask!)
* (Fname) is NOT a candidate key!

— So there are anomalies:
Deleting Student 300 removes the fact that Perls
advises in Psychology!

— We cannot add a new Economics adviser!
* The problem is: Not every determinant is a
candidate key
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Boyce-Codd Normal Form

e If arelation is in 3" Normal Form and
every determinant is a candidate key then
it is also in Boyce-Codd Normal Form!

» Relations in BCNF have no anomalies
w.r.t. functional dependencies.

* So we’re done, right?!
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« Still other anomalies are possible
 But let’s fix our Adviser relation first by
breaking it up into 2 relations
— But how?
—(SID, Major)  Fname,
~ (SIDEname)——Major,
—Fname  Major
Solution: (SID  Fname) and (Fname  Magjor)
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Example: BCNF
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Normal Forms

» Relations are categorized as a normal form
based on which modification anomalies or other
problems that they are subject to:
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Normal Forms

* 1NF — A table that qualifies as a relation is in INF

* 2NF — A relation is in 2NF if all of its non-key attributes
are dependent on all of the primary key

¢ 3NF — Arelation is in 3NF if it is in 2NF and has no
determinants except the primary key

* Boyce-Codd Normal Form (BCNF) — A relation is in
BCNF if every determinant is a candidate key

“I swear to construct my tables so that all non-key
columns are dependent on the key, the whole key
and nothing but the key, so help me Codd.”
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Eliminating Modification Anomalies from

Functional Dependencies in Relations

 Put all relations into Boyce-Codd Normal Form
(BCNF):
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Putting a Relation into BCNF:

Putting a Relation into BCNF-:

EQUIPMENT REPAIR
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EQUIPMENT REPAIR

EQUIPMENT_REPAIR (ItemNumber, Type, AcquisitionCost,
RepairNumber, RepairDate, RepairAmount)

ItemNumber  (Type, AcquisitionCost)
RepairNumber  (ItemNumber, Type, AcquisitionCost,
RepairDate, RepairAmount)

ITEM (ItemNumber, Type, AcquisitionCost)
REPAIR (ItemNumber, RepairNumber, RepairDate, RepairAmount)
Where REPAIR.IltemNumber must exist in
ITEM.ltemNumber
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Putting a Relation into BCNF:
New Relations
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Putting a Relation into BCNF-:
SKU DATA
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Putting a Relation into BCNF:
SKU DATA

SKU_DATA  (SKU, SKU_Description, Department, Buyer)

SKU  (SKU_Description, Department, Buyer)
SKU_Description  (SKU, Department, Buyer)
Buyer  Department

SKU_DATA  (SKU, SKU_Description, Buyer)
BUYER (Buyer, Department)
Where BUYER.Buyer must exist in SKU_DATA.Buyer
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Putting a Relation into BCNF:
New Relations
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Multivaled Dependencies

» A multivaled dependency occurs when a
determinant determines a particular set of
values:

Employee Degree
Employee Sibling
PartKit Part

* The determinant of a multivalued

dependency can never be a primary key
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Multivaled Dependencies
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4th Normal Form

» Relations in BCNF are still vulnerable to
anomalies caused by “multi-valued
dependencies”

» To show that Student 100 Swims and
plays Tennis while being both a Music and
an Accounting major, the following 4 rows
must exist in the relation:
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Example: 4NF

-
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Example: 4NF
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Eliminating Anomolies from

Multivaled Dependencies

» Multivalued dependencies are not a
problem if they are in a separate relation,
so:

— Always put multivaled dependencies into their
own relation
— This is known as Fourth Normal Form (4NF)
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5th Normal Form

* Still, anomalies are possible!

¢ 5 Normal Form has to do with relations
that can be divided into subrelations, but
cannot be reconstructed into their original
form.

* Not important enough to show by example
(or easy enough!).
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Domain/Key Normal Form

* First published in 1981 by Fagin

» DK/NF has no modification anomalies;
so no higher normal form is needed

» Arelation is in DK/NF if every constraint on the
relation is a logical consequence of the definition
of keys and domains
— DK/NF is more a concept than a provable state
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Domain/Key Normal Form

» Constraint

— Broadly defined as any rule governing static
values that is precise enough to ascertain
whether it is true or false.

« Edit rules, constraints within relations, constrains
between relations, functional dependencies are all
Constraints

» Time dependent constraints are about the only

thing that can be safely ruled out when considering
possible constraints
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Domain/Key Normal Form

* Key
— A unique identifier of a row
* Domain
— A named set of possible attribute values
» Arelation is in DK/NF if enforcing key and

domain restrictions causes all of the
constraints to be satisfied
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Domain/Key Normal Form

« Significance
— Since modification anomalies cannot occur,
the DBMS can prevent them just by enforcing
key and domain constraints
* Difficulty
— No algorithm is known for putting a relation
into DK/NF.
e Thus, using it is an “art”, not a “science”
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David M. Kroenke’s
Database Processing

(1ot Edition)

End of Presentation:
Chapter Three
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