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Database Design for the Database Design for the 
UninitiatedUninitiated

Paul LitwinPaul Litwin
FHCRC Collaborative Data ServicesFHCRC Collaborative Data Services

2

CDS Brownbag SeriesCDS Brownbag Series

uu This is the ninth in a series of seminarsThis is the ninth in a series of seminars
uu Materials for the series can be downloaded Materials for the series can be downloaded 

from from www.deeptraining.com/fhcrcwww.deeptraining.com/fhcrc
uu Sign up to be on our email listSign up to be on our email list
uu UpcomingUpcoming

ll SQL Server for AdministratorsSQL Server for Administrators

nn March 7 at 12:30 in M1March 7 at 12:30 in M1--A303A303
ll Developing SQL Server Stored ProceduresDeveloping SQL Server Stored Procedures

nn April 4 at 12:30 in TBDApril 4 at 12:30 in TBD

3

CDSCDS

uu Collaborative Data ServicesCollaborative Data Services
ll Providing "data services" through FHCRC Providing "data services" through FHCRC 

(and beyond)(and beyond)
ll Our services includeOur services include……

nn Telephone interviewing of subjectsTelephone interviewing of subjects
nn Data entry & scanningData entry & scanning
nn ProgrammingProgramming
nn Web and database hostingWeb and database hosting

uu More info at More info at http://http://cds.fhcrc.orgcds.fhcrc.org
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4

Seminar MaterialsSeminar Materials

uu Can be downloaded fromCan be downloaded from
ll www.deeptraining.com/fhcrcwww.deeptraining.com/fhcrc

uu IncludeInclude
ll This slide presentationThis slide presentation
ll A 21 page white paper on database designA 21 page white paper on database design

5

Database DesignDatabase Design

uu Why Bother With Design?Why Bother With Design?
uu Relational Model BasicsRelational Model Basics
uu NormalizationNormalization
uu Practical RecommendationsPractical Recommendations

6

Database DesignDatabase Design

uu Why Bother With Design?Why Bother With Design?
uu Relational Model BasicsRelational Model Basics
uu NormalizationNormalization
uu Practical RecommendationsPractical Recommendations
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Two Basic Approaches to DesignTwo Basic Approaches to Design

uu Jump in and design as you goJump in and design as you go
uu Design the database on paper first and Design the database on paper first and 

then carefully apply the principles of then carefully apply the principles of 
relational database designrelational database design

You almost always spend more time using 
the first approach!

8

Benefits of Good DesignBenefits of Good Design

uu YouYou’’ll be able to easily input and ll be able to easily input and 
update dataupdate data

uu YouYou’’ll be able to easily query, ll be able to easily query, 
summarize and create reportssummarize and create reports

uu It will be easy to modify the designIt will be easy to modify the design
uu The database will be easy to The database will be easy to 

document and maintaindocument and maintain

9

WhatWhat’’s Involved?s Involved?

uu Making decisionsMaking decisions regarding how regarding how 
best to take some system in the best to take some system in the 
real world and real world and modelmodel it in a it in a 
database  database  

uu Deciding which tables to create, Deciding which tables to create, 
what fields they will contain, as what fields they will contain, as 
well as the relationships between well as the relationships between 
the tablesthe tables
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To Design a Database Properly, To Design a Database Properly, 
You Need...You Need...

uu Knowledge of the Knowledge of the relational modelrelational model
uu Knowledge of Knowledge of your domainyour domain

Domain knowledge is essential to good 
database design!

11

Database DesignDatabase Design

uu Why bother With Design?Why bother With Design?
uu Relational Model BasicsRelational Model Basics
uu NormalizationNormalization
uu Practical RecommendationsPractical Recommendations

12

Origins of the Relational ModelOrigins of the Relational Model

uu Created by Dr. E.F. Created by Dr. E.F. CoddCodd in 1969 in 1969 
while he was at IBMwhile he was at IBM

uu Based on Set Theory and Predicate Based on Set Theory and Predicate 
LogicLogic

uu So What?So What?
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TablesTables

uu Tables in the relational model are Tables in the relational model are 
used to represent used to represent ““thingsthings”” in the in the 
real world real world 

uu Each table should represent onlyEach table should represent only
one thingone thing

uu These things (or entities) can be These things (or entities) can be 
realreal--world world objectsobjects or or eventsevents

14

TablesTables

uu Tables have rows and columnsTables have rows and columns
uu Also referred to as records and fieldsAlso referred to as records and fields
uu ((CoddCodd referred to tables as relations, referred to tables as relations, 

rows as rows as tuplestuples, and columns as , and columns as 
attributes)attributes)

15

Table ExamplesTable Examples

uu ObjectsObjects
ll CustomersCustomers
ll PatientsPatients
ll SpecimensSpecimens
ll Principal InvestigatorsPrincipal Investigators

uu EventsEvents
ll Blood DrawBlood Draw
ll FollowFollow--up Visitup Visit
ll Telephone CallTelephone Call
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Uniqueness and KeysUniqueness and Keys

uu Tables shouldnTables shouldn’’t have duplicate t have duplicate 
rows rows 

uu You guarantee uniqueness for a You guarantee uniqueness for a 
table by designating a table by designating a primary keyprimary key ––
one or more columns that contain one or more columns that contain 
unique values for a table  unique values for a table  

uu Each table can have only one Each table can have only one 
primary key (PK)primary key (PK)

17

Choosing a Primary KeyChoosing a Primary Key——
Simple vs. Composite KeysSimple vs. Composite Keys

uu Simple keySimple key is made up of one columnis made up of one column
ll E.g., for the Patient tableE.g., for the Patient table

nn RegNoRegNo

uu Composite keyComposite key is made up of more is made up of more 
than one columnthan one column
ll E.g., for the Specimen tableE.g., for the Specimen table

nn RegNoRegNo
nn SpecimenNoSpecimenNo

18

Choosing a Primary KeyChoosing a Primary Key——
Candidate & Alternate KeysCandidate & Alternate Keys

uu Candidate keyCandidate key is a set of columns that is a set of columns that 
couldcould be the primary keybe the primary key

uu Alternate keyAlternate key is a candidate key that is a candidate key that 
was not chosen as the primary keywas not chosen as the primary key
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Pascal's Rules for Deciding on Pascal's Rules for Deciding on 
the Best Primary keythe Best Primary key

uu MinimalityMinimality –– less columns are betterless columns are better
uu StabilityStability –– columns that doncolumns that don’’t change t change 

are betterare better
uu SimplicitySimplicity –– keep it simplekeep it simple
uu FamiliarityFamiliarity –– keep it familiar to the keep it familiar to the 

useruser

20

Choosing a Primary KeyChoosing a Primary Key

uu If no existing field makes a suitable If no existing field makes a suitable 
PK, you might consider a PK, you might consider a surrogate surrogate 
keykey

uu AutoNumber/Identity fields make AutoNumber/Identity fields make 
good surrogate keysgood surrogate keys

uu Best PK will Best PK will oftenoften have a data type of have a data type of 
whole numberwhole number (Integer or Long (Integer or Long 
Integer)Integer)

21

ExampleExample
Choosing the Best Primary KeyChoosing the Best Primary Key
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Foreign KeysForeign Keys

uu WhileWhile primary keys (PK)primary keys (PK) are important  are important  
for maintaining a single table's for maintaining a single table's 
integrity, they are integrity, they are essentialessential when you when you 
create relationships joining together create relationships joining together 
multiple tablesmultiple tables

uu Foreign key (FK)Foreign key (FK): a column in a table : a column in a table 
used to reference a PK in another tableused to reference a PK in another table

23

ExampleExample
Foreign KeyForeign Key

24

RelationshipsRelationships

uu Relationships in a relational Relationships in a relational 
database are considered as links database are considered as links 
between pairs of tables:between pairs of tables:
ll OneOne--toto--oneone
ll OneOne--toto--manymany
ll ManyMany--toto--manymany
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OneOne--toto--OneOne

One record in the first 
table is related to only 
one record in the 
second table

One record in the 
second table is related 
to only one record in 
the first table

11

26

ExampleExample
One to One RelationshipOne to One Relationship

27

OneOne--toto--ManyMany

One record in the first 
table is related to 
many records in the 
second table

One record in the 
second table is related 
to only one record in 
the first table

Many1
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ExampleExample
OneOne--toto--Many RelationshipMany Relationship

29

ManyMany--toto--ManyMany

One record in the first 
table is related to 
many records in the 
second table

One record in the 
second table is related 
to many records in the 
first table

ManyMany

30

ManyMany--toto--Many (1 of 2)Many (1 of 2)

uu A manyA many--toto--many relationship is a sign many relationship is a sign 
that you are missing intermediary that you are missing intermediary 
(junction) table(junction) table

uu Replace manyReplace many--toto--many relationships many relationships 
with two onewith two one--toto--many relationships many relationships 
between each of the original tables and between each of the original tables and 
the junction tablethe junction table
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ManyMany--toto--Many (2 of 2)Many (2 of 2)

uu Junction tables may occur naturallyJunction tables may occur naturally
ll For example, the relationship between For example, the relationship between 

Orders and Products is MOrders and Products is M-->M>M
ll What this tells you is that you are not What this tells you is that you are not 

considering the considering the OrderDetailsOrderDetails tabletable

uu Often you will need to create a junction Often you will need to create a junction 
table that does not already existtable that does not already exist
ll It will need to include the It will need to include the PKsPKs of both of both 

original tablesoriginal tables

32

ExampleExample
Many to Many RelationshipMany to Many Relationship

33

Referential IntegrityReferential Integrity

uu Foreign keys are more than conceptsForeign keys are more than concepts
uu You must create them within your You must create them within your 

database to ensure database to ensure referential integrityreferential integrity
uu RI ensures that when you create a row RI ensures that when you create a row 

containing a foreign key reference, that containing a foreign key reference, that 
it always points to a valid primary key it always points to a valid primary key 
record in the referenced tablerecord in the referenced table

uu RI is one type of a RI is one type of a constraintconstraint
ll Constraints can also be used to enforce Constraints can also be used to enforce 

domain integrity (e.g., that sex can only be domain integrity (e.g., that sex can only be 
"M" or "F", "M" or "F", PtIdPtId is greater than 0, etc.)is greater than 0, etc.)
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Database DesignDatabase Design

uu Why bother With Design?Why bother With Design?
uu Relational Model BasicsRelational Model Basics
uu NormalizationNormalization
uu Practical RecommendationsPractical Recommendations

35

NormalizationNormalization

uu NormalizationNormalization is the process of is the process of 
simplifying the design of a simplifying the design of a 
database so that it achieves database so that it achieves 
optimum structure optimum structure 

uu Normal formsNormal forms are a linear are a linear 
progression of rules you apply to a progression of rules you apply to a 
database, with each higher normal database, with each higher normal 
form achieving a better, more form achieving a better, more 
efficient design efficient design 

36

Before We BeginBefore We Begin

uu No duplicate rows are allowed (i.e., No duplicate rows are allowed (i.e., 
there must be PK for each table)there must be PK for each table)
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First Normal FormFirst Normal Form

uu First Normal Form (1NF)First Normal Form (1NF) says that all says that all 
column values must be column values must be atomicatomic

uu One column, one valueOne column, one value
uu Also, no repeating groupsAlso, no repeating groups

38

Is this Table in 1NF?Is this Table in 1NF?

39

How about this one?How about this one?
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Order Table in 1NFOrder Table in 1NF

41

Second Normal FormSecond Normal Form

uu A table is said to be in A table is said to be in Second Normal Second Normal 
Form (2NF)Form (2NF), if it is in 1NF and every , if it is in 1NF and every 
nonnon--key column is fully dependent on key column is fully dependent on 
the (entire) primary key the (entire) primary key 

uu "The key, the whole key and nothing "The key, the whole key and nothing 
but the key so help me but the key so help me CoddCodd..””

uu Tables should only store data relating to Tables should only store data relating to 
one one ““thingthing”” (or entity) that(or entity) that’’s described s described 
by the PK  by the PK  

42

Second Normal FormSecond Normal Form

uu 2NF achieved by breaking tables into 2NF achieved by breaking tables into 
normalized parts that describe a single normalized parts that describe a single 
entityentity

uu This is called (nonThis is called (non--loss) loss) decompositiondecomposition
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Is this Table in 2NF?Is this Table in 2NF?

44

Now in 2NFNow in 2NF

45

Third Normal FormThird Normal Form

uu A table is said to be in A table is said to be in Third Normal Third Normal 
Form (3NF)Form (3NF), if it is in 2NF and if all , if it is in 2NF and if all 
nonnon--key columns are key columns are mutually mutually 
independentindependent

uu To achieve 3NF, you need to break To achieve 3NF, you need to break 
out lookup tables and eliminate out lookup tables and eliminate 
calculated fields calculated fields 
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Is this Table in 3NF?Is this Table in 3NF?

47

Now in 3NFNow in 3NF

48

Review: Getting NormalReview: Getting Normal

uu 1NF:1NF: One column, one value. Remove One column, one value. Remove 
repeating groupsrepeating groups

uu 2NF:2NF: Break into tables that describe Break into tables that describe 
one entity. one entity. 

uu 3NF:3NF: Remove calculations and break Remove calculations and break 
out lookup tablesout lookup tables
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When to DenormalizeWhen to Denormalize

uu PerformancePerformance
ll Prove it!Prove it!

uu Because the users of the database Because the users of the database 
demand itdemand it
ll You may need to educate them!You may need to educate them!

uu Example: storing a calculation in a Example: storing a calculation in a 
tabletable
ll Calculation is stored in table (violating Calculation is stored in table (violating 

3NF rules) to improve reporting speed3NF rules) to improve reporting speed

50

How to Denormalize How to Denormalize 

uu Start with a normalized designStart with a normalized design
uu Do so deliberately!Do so deliberately!
uu Have a good reason for Have a good reason for 

denormalizingdenormalizing
uu Be fully aware of the tradeoffs this Be fully aware of the tradeoffs this 

decision entailsdecision entails
uu Thoroughly document this decisionThoroughly document this decision
uu Create the necessary application Create the necessary application 

adjustments to avoid anomaliesadjustments to avoid anomalies

51

Database DesignDatabase Design

uu Why bother With Design?Why bother With Design?
uu Relational Model BasicsRelational Model Basics
uu NormalizationNormalization
uu Practical RecommendationsPractical Recommendations
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Naming RecommendationsNaming Recommendations
General RuleGeneral Rule
uu DON'T USE ALL CAPS FOR TABLE AND DON'T USE ALL CAPS FOR TABLE AND 

FIELD NAMES!!!FIELD NAMES!!!
uu Isn't the above annoying?Isn't the above annoying?

53

Table NamesTable Names

uu Spaces are a Bad IdeaSpaces are a Bad Idea
uu Can be plural (Can be plural (tblCustomerstblCustomers) or singular ) or singular 

((tblCustomertblCustomer))
ll Choose one and be consistentChoose one and be consistent

uu Many people prefix table names with Many people prefix table names with tbltbl, , 
e.g. e.g. tblCustomertblCustomer and view names with and view names with 
either either qryqry or or vwvw

uu RecommendationRecommendation: use singular names : use singular names 
and the and the tbltbl prefix and use camel case prefix and use camel case 
instead of underscoresinstead of underscores

54

Field Names (1 of 2)Field Names (1 of 2)

uu Some people love to give a table prefix Some people love to give a table prefix 
to all field namesto all field names
ll E.g., for E.g., for tblCustomerstblCustomers you have you have CS_IdCS_Id, , 

CS_FirstNameCS_FirstName, , CS_LastNameCS_LastName, , CS_AddressCS_Address, , 
etc.etc.

uu Others prefer normal properOthers prefer normal proper--cased field cased field 
names. names. 
ll E.g., E.g., CustomerIdCustomerId, , FirstNameFirstName, , LastNameLastName, , 

Address, etc.Address, etc.
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Example Using Table Prefix of Example Using Table Prefix of 
Field Names (and ALL CAPS)Field Names (and ALL CAPS)

56

Field Names (2 of 2)Field Names (2 of 2)

uu If you use the prefix technique then If you use the prefix technique then 
foreign keys will have a different name foreign keys will have a different name 
than the primary keysthan the primary keys
ll In general, this is a bad ideaIn general, this is a bad idea

uu RecommendationsRecommendations::
ll Don't use table prefixes for fieldsDon't use table prefixes for fields
ll Name fields using Name fields using ProperCaseProperCase names w/o names w/o 

underscoresunderscores
ll Name foreign keys using the exact same Name foreign keys using the exact same 

names as the primary keys to which they names as the primary keys to which they 
point point 

57

Relationships & IndexesRelationships & Indexes

uu RecommendationsRecommendations
ll All tables should have primary keysAll tables should have primary keys
ll Relationships should be created and Relationships should be created and 

enforced at the database levelenforced at the database level
nn ForeignForeign--key based relationships will key based relationships will 

enforce referential integrity enforce referential integrity andand improve improve 
performance of joinsperformance of joins

ll Indexes should be created to improve Indexes should be created to improve 
performance of queriesperformance of queries
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Optimizing IndexesOptimizing Indexes

uu RecommendationsRecommendations
ll Create indexes on all fields used in query Create indexes on all fields used in query 

where clauseswhere clauses
ll If you are using Access,If you are using Access,

nn Turn off the autoTurn off the auto--index featureindex feature
nn Use performance analyzer to make index Use performance analyzer to make index 

suggestionssuggestions
ll If using SQL ServerIf using SQL Server

nn Run Index Tuning WizardRun Index Tuning Wizard

59

SummarySummary

uu Good database design is criticalGood database design is critical
uu Tables should represent one "thing" and Tables should represent one "thing" and 

contain primary keyscontain primary keys
uu Create relationshipsCreate relationships
uu Databases should be normalized to third Databases should be normalized to third 

normal formnormal form
uu Created indexes on fields used in query Created indexes on fields used in query 

where clauseswhere clauses

60

Further ReadingFurther Reading

uu My white paper (see next slide)My white paper (see next slide)
uu There are tons of books on database There are tons of books on database 

designdesign
ll One book that is written more for the One book that is written more for the 

novice isnovice is
Database Design for Mere MortalsDatabase Design for Mere Mortals
By Michael J HernandezBy Michael J Hernandez
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Thank You!Thank You!

uu Materials can be downloaded fromMaterials can be downloaded from
ll www.deeptraining.com/fhcrcwww.deeptraining.com/fhcrc

uu IncludeInclude
ll This slide presentationThis slide presentation
ll A white paper on database designA white paper on database design


