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RELATIONAL DATABASE DESIGN

Basic Concepts
» A database is a collection of logically related records

* A rdlational database storesits datain 2-dimensiond tables
* A table is a two-dimensiond structure made up of rows (tuples, records) and columns (attibutes, fidds)
» Example: a table of students engaged in sports activities, where a gudentisallowed to participate:inat

mog one activity

Student Activity Fee
100 Cricket 200
150 Hockey 50
175 Football 50
200 Hockey 50

Table Characteristics

« Each rowisunique and stores data about one entity

» Eadch column has a unique attribute name

» Eadch column (attribute) de<cription (metadata) is stored in the database

» Access metadata isstored and manipulated via theTable Design View grid
* Rowand cdumn orderis unimportant

* All entriesina column have the same data type

» Daf type examples Text(50), Number(integer), Date/Time

» Eadh cell contains atomic data: no lists or sub-tables

Primary Keys
« Aprimary keyis an attribute ara cdlection of attributes whose value(s) uniquely identify each row ina

Relation
» A primary key should be minimal: it should not contan unnecessary attributes

Student Activity Fee
100 Cricket 200
150 Hockey 50
175 Football 50
200 Hockey 50

* We assume that a sudentis allowed to paricipate in at mog one activity

* Theonly possible primary key in the above table is StudentlD

« Sometimesthere ismore than one possible choice;each possible dhoice iscalled a candidate key
» What if we allow the students to paricipate in more than one activity?
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Student Activity Fee
100 Cricket 200
100 Goalf 65
175 Foothall 50
175 Hockey 50
200 Hockey 50
200 Goalf 65

* Now the only possible primary key is the combined value of (StudentID, Activity);

» Sudh a multi-attribute primary key iscalled a composite key or concatenated key

Composite Keys

* A table can only have one primary key

* But sometimes the primary key can be made up of ssveral ields

» Concatenation means putting two things next to one another; the concatenation of ‘burger” and “foo”is

“burgerfoo”.

« consider the following table of cars

License Plate State Make | Model | Year
LVR120 RJ Maruti Swift 2003
BCX50P NJ Buick Regal 1998
LVR120 CT Toyota: | Corolla 2002
908HYY MA Ford Windstar| 2001
UHP33 NJ Tata Nano 2006

» LicensePlate is not:a possble primary key, because two different cars can have the same license plate
number if they’re from different states

» Butif we concatenate LicensePlate and State, the resulting value of (LicensePlate, State) must be wique:

» Example: “LVR120NJ” and “LVR120CT”

* Therefore, (LicensePlate, State)is a possible primatry key (a candidate key)

» Sometimeswe mayinvent a new atribute to serve as a primary key (sometimes called a synthetic key)

« If no suitable primary key isavailable
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» Or, to avoid composte keys

* In Access, “Autonumber” fields can serve this Purpose

Foreign Keys

* A foreign key is an attribute or a collection of attributes whose value are inended to match the primary key
of

Some related record (uUsuallyin a different table)

» Example: the STATE and CITY table below

State Table: City Table -
State [State Union |State State City
Mobrev |Name Order |Bird Population State Abbrev City Name Population
R Rajasthan 5 Peacock 3,287, 116 RJ Kota 139, 739
WP Uttar Pradesh |26 spamow 9,295 297 R apur 14,061
o RJ Jodhpur 8,418
WB West Benga 40 white Pigeon{696,004
Up Mathura 127,321
MP Madhya Pradesh |16 Hen 4, 877.185
WB Tripura 6,257
AS Assam 28 Crow 16, 986, 510
WB Patna 12,906
MP. Bhopal 488,374
AS Nagaland 465,622
AS manipur 12 224

» Primary key in STATE relation: StateAbbrev
» Primary key in CITY relation: (StateAbbrev, CityName)
» Foreign key in CIT Yrelation: State Abbrev

Database Anomalies
« Anomalies are:probems caused by bad database design example: ACTIVITY (StudentID, Activity, Fee)
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Student | Activity Fee
100 Cricket 200
100 Golf 65
175 Football 50
175 Hockey 50
200 Hockey 50
200 Golf 65

* Aninsertion anomay occurs when a row cannot be added to a relation, because not all data are available

(or one hastoinvent “dummy” data)
Example: we want to store that voleyball costs $175, but have .no. place to put this information untl a
student takesup volleyball (unless we create a fake sudent)
» A deletion anomaly occurs when data is deleted from a relation, and other ciitical data are unintentionally
lost
Example: if we delete the record with StudentD = 100, we forget thatclicket costs $200
* An wdate anomaly occurs when one must make many changes to reflect the modification of a single datum
Example: if he cost of Hockey changes, thenall entiies with.Hockey Activitymust be changed too
Cause of Anomalies
» Anomalies are primarily caused by:
(1) Data redundancy: replication of the same field in multiple tables, other thanforeign keys
(2) Functional dependencies whose detemminants are not candidate keys, including
Partial dependency
Transitive.dependency
» Example: ACTIVITY (StudentlD, Adivity, Fee)

Student Activity Fee
100 Cricket 200
100 Golf 65
175 Football 50
175 Hockey 50
200 Hockey 50
200 Golf 65

« Activity by itself is not a candidate key, so we get anomalies(in thiscase, from a partial dependency)
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Fixing Anomalies (Normalizing)

» Break up tables so all dependenciesare from primary (or candidate) keys
PARTICIPATING (StudentID, Activity)

Activity foreign key to ACTIVITIES

ACTIVITY (Activity, Fee)

StudentlD Activity
) Activity Fee

100 Cricket
100 Golf Cricket 200
10 Hockey Golf 65

175 Football
Hockey 50

175 Hockey
200 Hockey Eootball 50
200 Golf Volleyball 200

PaRTICIFATING ACTINITY

StudentlD Activity

100 Cricket

100 ot Activity Fee
150 Hockey Cricket 200
175 Football Golf 65
175 Hockey Hockey 50
200 Hockey Football 50
200 Golf Volleybal 200

* Theabove relationsdo not have anyof the anomalies

NORMALIZATION
* “Normal forms” are categories that classify how completely a table has been normaiized
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» There are six recognized normal forms (NF):

First Normal Form (1NF)

Second Normal Form (2NF)

Third Normal Form (3NF)
——— Boyce Codd Normal Form (BCNF)

~Y Fourth Normal Form (4NF)
< Fifth Normal Form (5NF)

Functional Dependency

(1) Functional Dependency Is a relationship between oramong attributes:such thatthe values of one
attribute depend on, or are determined by, the values of the otherattribute(s).

(2) Partial Dependency: Is a relationship between atributessuch:that the vdues:.of-one attibute is
dependent on, ordetemined by the values of another attibute which is part of the composite key.
Partial Dependendes are not good due to duplicaion of‘data and update-anomalies.

Examples of Functional Dependencies:

« If we knowan ISBN, then we know the Book Title and the Author(s)
(1)ISBN [JBook Title
(2)ISBN [JAuthor(s)

¢ If we know the VIN, then we know who is the Auto owner
VIN [Auto_Owner

« If we knowStudent-ID (SID),:then we can wiquely determine his’/her Name
SID [IS_Name

Transitive Dependencies

» Isarelationship between attributessuch that the vdues of one attribute is dependent on, ordetermined by,
the valuesof another attribute which is not a part of the key.

« Exist whena nonkey:attribute valueis functionally dependent upon another nonkey value inthe record.
For Example:

EMPLOYEE ID -->JOB_CATEGORY

JOB_CATEGORY -> HOURLY_RATE

* An employee data table thatincludes the “hourly pay rate” would require searching every employeerecord
to properlyupdate an hourly rate for a particular job categoty.
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GOLDEN RULE OF NORMALIZATION: Enter the minimum data necessary, avoiding duplicate entry of
information with minimum risks to data integrity.
Goals of Normalization:
(1)Eliminate redundancies caused by:
(a) Felds repeated within a file
(b) Fields not directly describing the key entity
(c) Fields derived fom other fields
(2)Avoid anomalies In Updating (Adding, Editing, Deleting)
(3)Represent accurately the items beingmodeled
(4)Simplify maintenance and retieval ofinfo
Database Tables and Normalization
+« Nomalization is a process for assigning attibutes to entities It reduces data redundancies and helps
eliminate the data anomalies.
* Nomalization worksthrough a series of stages called nomal:-forms
(1) First nomal form (1NF)
(2) Second normalform (2NF)
(3) Third normal fom (3NF)
* The highest level ofnomalization isnot'always desrable.
Basic Rule for Normalization
» The attribute valuesin a relational table should be functiondly dependent (FD) on the primary key value.

(1) A relationshipis funcionally dependent:whenone attibute value implies or detemines the attribute
value for the other attribute;
EM_SS NUM > EM_NAME
» Corollaries
(1) Corollary 1: No repeating groups allowed in relational tables.
(2)Coraollary2:.A'relational table should not have attributes involved in a transitive dependency
relationship with the pimary key.
Normalization Benefits
» Facdilitatesdata integration.
* Reduces data redundancy.

« Provides a robust architecture for retieving and maintaining data.
e Compliments data modeling.
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* Reducesthe chances of data anomalies occuriing.

The data redundandes yieldthe following anomalies
(a) Update anomalies.
(b) Addition anomalies.
(c)) Deletion anomalies.
Deletion Anomaly
* Occurswhen the removal of a record results in a loss of importantinformation about an entity.
« Example:
Al the information about a customeris contained in an Order file, if the order.is canceled, al the customer
Information could be lost when the order record isdeleted
e Solution:
Create two tables-one table contains order information and the other table contains customer information.
Update Anomaly
* Occurswhen a change of a single attribute in one record requireschanges in multiple records
« Example:
A staff person changes their telephone number and every potential cusomer that person ever worked
with has to have he corrected numberinserted.
* Solution:
Put the employees telephone number in one location--asan attribute in the employee tabe.
Insertion Anomaly
» Occurswhen there does not.appear to beanyreasonable place toassign attribute valuesto records in the
database. Probably have overlooked a critical entity.
« Example:
Adding new attributes'or entire:records when they are not needed. Where do you place informationon new
Ewaluator's?.Do you create a dummy Lead.
e Solution:
Create a new table with aprimary key thatcontains the relevant or functional dependent attibutes.
*“Conversion to Frst Normal Form
(@) A relational table must not contain repeating groups.
(b) Repeating groups can be eliminated by addingthe entry in at least the primary key column(s).
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PROJ_NUM PROJ_NAME EMP_NUM EMP_NUM JOB_ CLASS  CHG HOUR

Hours
15 Greenfield 103 Mohan Elect. Engineer $84.50 238
101 Ram Database Designer $105.00 194
105 Amit Database Designer $105.00 35.7
106 Shyam Programmer $35.75 126
102 Puneet Systems Analyst $96.75 23.8

Database Tabe 1. The Evergreen Data
» Dependency Diagram

(a) The arrows above the enfty indicate that he entity’s are dependent on:the combination of
PROJ_NUMand BMP_NUM.

(b)The arrows below the dependency diagram indicate less desirable dependencies based on only a part of
the piimary key -- pattial dependencies.

PED] NUM PEDO] NAME EMP NUM EMP MAME OB CLESS [CHG HMIA HiMPRS

A Dependency Diagram: First Normal Form
« 1NF Definition

(1) The tem frst normal form (1NF) describesthe tabular formatin which:

(@) All the key attibutes are defined.
(b)There are no repeating groupsin the table.
(0) All attiibutesare:dependent on the primary key.

» Conversion to.Second:Nomal Fom

(1) Starting with the INF format, the database can be converted into the 2NF fomatby
(a) Writing each key component on a separate line, and then writing the original key on the last line
(b) Writing the dependent attribuies after each new key.
PROJECT (PROJ_NUM, PROJ NAME)
EMPLOYEE (EMP_NUM, EMP_NAME,
JOB_CLASS,CHG_HOUR)
ASSIGN (PROJ_NUM, EMP_NUM, HOURS)
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PR<H WM PREY MWAME EMP WUM EHP NAME B CLESS CHG HAOUR HHHURS

» 2NF Definition
(1) A table isiin 2NFif:
(@) Itisin INF and

(b) tindudes no partial dependencies; thatis, no atribute isdependent on only-a portion of the primary key.
* Note:

It is still possible for a table in 2NF to exhibit tanstive dependency, that is, one or more.attibutesmay be
functionally dependent onnon key attributes.

e Conversion to Third Normal Form

Create a separate table with attributes in a transiive functional dependence relationship.
PROJECT (PROJ_NUM, PROJ_NAME)

ASSIGN (PROJ_NUM, EMP_NUM, HOURS)
EMPLOYEE (EMP_NUM, EMP_NAME, JOB_CLASS)
JOB (JOB_QLASS, CHG_HOUR)
» 3NF Definition
A table isin 3NFif:
(@) Itisin 2NF and
(b) Itcontainsno transitive dependencies.

Summary of one conversion form:to another
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First Nermal Form [~ Remire
(INE) | “Repevimg Gmn;s"_ _
I
- e = Remure
second Normal Form 1 oo, it Funcfional
(INE) | |- Dependency”
— i — . Femnoy:
Third T"J"E“d]-ﬂ'l'm '| “Trazsitive Fumctional
ﬂ"ﬂ .. Deperdsrcy”
| T Femovs
Hizher orcer Normal | 341l Remainivg Fumcticns
Forms . Deperdency”
SOLVED EXAMPLES
1. Every time attribute Aappears, itis matched with the'same value of-attribute B, but not the same

value of attribute C. Therefore, itistue that
AYA—B
B)YA—C
(C)A— (B,C).
(D) (B,C) — A.
2. In the relational modd, relationshipsbetweenrelations or tabes are created by using:
(A) Composite keys.
(B) Determinants.
(C) Candidak keys.
(D) Foreignileys
3. A tupeisa(n):
(A) Column of a table.
(B) Two dimensional table.
(C)-Row of atable
(D) Key-of a table.
4, Which of thefollowing is not a restriction fora table tobe a rdation?
(A) The cellsof the table mug containa single value.

(B) All of theentiesin any cdumn must be of the same kind.
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1. (A
2. (D)

3. (0

4. ()
5. (B)

(C) The columns must be ordered

(D) No two rows in atable may be identical.

For some relations, changing the data can have undesirable consequences called:
(A) Referentid integlity constraints.

(B) Modification anomalies

(C) Normal forms.

(D) Transitive dependencies.

Hints & Solutions

1. (A), 2.(D), 3.CC), 4 (C), 5(B)

Because only value of A will match with B;

Because a foreign key is an attiibute or a collection .o attributes whose value are intended to match
the primary key of some relaed record (usudlyina dfferent table)

A table is a two-dimensional gructure made up of rows (tuples, records) and columns (attributes,
fields

Column order is unimportantin Relaional database design

An update anomaly occurs when-one must make many changes to reflect the modification ofa single
datum
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