CS 61:

Database Systems

Normalization

Adapted from Coronel and Morris unless otherwise noted



Objective: create well-formed relations

* Tables are the building blocks of a relational database

* Previously we created tables for entities identified after
understanding the business rules

Understand

Apply

constraints

business rules

 We want our tables to be well formed
 Question, how do we know if our tables are well formed?
* It turns out a few relatively simple rules can help us



Version 1: Restaurants, Inspections and FK

constraints on Action and Inspection Type

_| Restaurants v :
—| Inspections v
RestaurantID INT(11)
RestaurantID INT(11)
RestaurantName VARCHAR(100)
- - InspectionDate DATE
» CuisineDescription VARCHAR(100)
InspectionTypelD INT
» Boro VARCHAR(20)
Building VARCHAR(20 .~ ActionID INT
Hiding (20) fk_Inspections_Restaurants ViolationCode TEXT
Street VARCHAR(100) I
i Ho——| ViolationDescription TEXT
ZipCode INT(11)
CriticalFlag VARCHAR(4)
Phone BIGINT(20)
. Score INT(11)
Latitude DOUBLE
) Grade VARCHAR(4)
Longitude DOUBLE
GradeDate DATE

InspectionCount INT(11)
InspectionAvgScore DOUBLE

I

fk_Inspections_Actions1 fk_Inspections_InspectionTypes1
: _______
; :
| Actions v | InspectionTypes v
ActionID INT InspectonTypelD INT
éﬁ ActionDescription VARCHAR(150) | » InspectonTypeDescription VARCHAR(100)
| 2 »
O O O



Normalization is the process by which we

confirm our tables are well formed

Normalization is the process of evaluating and

correcting poor table structure by following a —] Restaurants !
RestaurantID INT(11)
few rules: RestaurantName VARCHAR(100)
CuisineDescription VARCHAR(100)
* Each table represents a single entity Boro VARCHAR(20)
. . . Building VARCHAR(20)
e Each row/column intersection contains Street VARCHAR(100)
ZipCode INT(11)
only one value and not a group of values o BIGINTE0)
. . . Latitude DOUBLE
* No data item will be unnecessarily stored Longitude DOUBLE
|n more than one table InspectionCount INT(11)
InspectionAvgScore DOUBLE
* All nonprime attributes (attributes not part g
of the key) in a table are dependent on the
primary key Eliminate data anomalies

* Each table has no insertion, update, or by removing unnecessary
deletion anomalies or unwanted data

redundancies 4



We will examine one table at a time,

moving from First to Third Normal Form

First (1NF), Second (2NF) and Third (3NF) normal form characteristics

INF ~ 2NF ~ 3NF

First Normal Form (1NF) Second Normal Form (2NF) Third Normal Form (3NF)

e Datain table format e 1NF plus e 2NF plus
* No repeating groups * No partial * No transitive
 PKand all dependencies dependencies
dependencies
identified * Work one relation at a time Higher forms
* Progressively break relation into mainly of
set of smaller relations as needed academic

moving from 1NF to 3NF interest only



» 1. Data anomalies

2. Normalization



Database anomalies

Soccer player database

PlayerID Name Team TeamPhone Positionl Position2 Position3
1 Pessi Argentina 54-11-1000-1000 Striker Forward
2Ricardo  Portugal 351-2-7777-7777 Right Midfield Defending Midfielder
3Neumann Brazil 55-21-4040-2020 Forward Left Fullback Right Fullback
4 Baily Wales 44-29-1876-1876 Defending Midfielder Striker
5Marioso Argentina 54-11-1000-1000 Sweeper Defending Midfielder Striker
6 Pare Brazil 55-21-4040-2020 Goalkeeper

Business rules

* Each player uniquely identified by PlayerID (it is a Primary Key here)
* Each player plays for one team and can play one or more position
 Each team has one phone number

Based on Prof Charles Palmer lecture notes



Insert anomaly: can not add data due to

absence of other data

Soccer player database

PlayerID Name Team TeamPhone Positionl Position2 Position3
1 Pessi Argentina 54-11-1000-1000 Striker Forward
2Ricardo  Portugal 351-2-7777-7777 Right Midfield Defending Midfielder
3Neumann Brazil 55-21-4040-2020 Forward Left Fullback Right Fullback
4 Baily Wales 44-29-1876-1876 Defending Midfielder Striker
5Marioso Argentina 54-11-1000-1000 Sweeper Defending Midfielder Striker
6 Pare Brazil 55-21-4040-2020 Goalkeeper
o 0 Iceland  54-12-5432-2345 0) 1) @

Insert anomaly:
e Can’t add team (say Iceland) without adding a player for that team
because PlayerID is Primary Key
* Also no consistency in position names
What if some teams call a Sweeper a Center Back
 How would we know they are the same?
 What if a player can play more than three positions? 8

Based on Prof Charles Palmer lecture notes



Update anomaly: must update multiple

tuples for one change

Soccer player database

PlayerID Name Team TeamPhone Positionl Position2 Position3
1 Pessi Argentina 54-11-1000-1000 Striker Forward
2Ricardo  Portugal 351-2-7777-7777 Right Midfield Defending Midfielder
3Neumann Brazil 55-21-4040-2020 Forward Left Fullback Right Fullback
4 Baily Wales 44-29-1876-1876 Defending Midfielder Striker
5Marioso Argentina 54-11-1000-1000 Sweeper Defending Midfielder Striker
6 Pare Brazil 55-21-4040-2020 Goalkeeper
o 0 Iceland  54-12-5432-2345 0) 1) @

Update anomaly:

* |If team moves, must update TeamPhone for all players on that team

* Could lead to inconsistency if some team players are updated, but
not all

Based on Prof Charles Palmer lecture notes



Delete anomaly: unintended loss of data

Soccer player database

PlayerID Name Team TeamPhone Positionl Position2 Position3
1 Pessi Argentina 54-11-1000-1000 Striker Forward
2Ricardo  Portugal 351-2-7777-7777 Right Midfield Defending Midfielder
3Neumann Brazil 55-21-4040-2020 Forward Left Fullback Right Fullback
4 Baily Wales 44-29-1876-1876 Defending Midfielder Striker
5Marioso Argentina 54-11-1000-1000 Sweeper Defending Midfielder Striker
6 Pare Brazil 55-21-4040-2020 Goalkeeper
o 0 Iceland  54-12-5432-2345 0) 1) @

Delete anomaly:
* If Ricardo retires, must remove from database
* If so, loose Portugal team data as well!

How does this apply to our inspection database?

10

Based on Prof Charles Palmer lecture notes



Version 1: composite Primary Key can

identify all rows in the Inspections table

Version 1 | Restaurants v =i » .
. nspections
While a RestaurantiD INT(11) -
t t RestaurantName VARCHAR(100) RestaurantiD INT(11)
restaurant may ‘ .

. CuisineDescription VARCHAR(100) Inspc'ectlonDate DATE
receive more Boro VARCHAR(20) Ihspe?tlonTypelD INT
than one » Building VARCHAR(20) . eehinsadad
. . . Stroot VARCHAR(100) fk_Inspections_R staurantsl/ ViolationCode TEXT
|nSpect|0n ona ZipGode INT(H) o " > ViolationDescription TEXT
given day (e. g. Phone BIGINT(20)  CriticalFlag VARCHAR(4)
cycle and trans ' Latitude DOUBLE Score INT(11)
fat initial Lonaitude DOUBLE » Grade VARCHAR(4)

atinitia - oo » GradeDate DATE
. . . InspectionCount INT(11)
inspection), it _
» InspectionAvgScore DOUBLE

will not receive

more than one of ) ) . . -
Inspection table: compound Primary Key uniquely identifies row:
the same type ! .
RestaurantID, InspectionDate, InspectionType

//4/

Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... 'Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not verminpr... Y 17 [HuLL |
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 HuLL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A 2919-03-04




Violation codes and descriptions can be

rolled up into one field for each

Version 1 | Restaurants v
—| Inspections v
RestaurantID INT(11) R D INT( 1 |S thiS a OOd
estaurant
» RestaurantName VARCHAR(100) | 5 (D,:TE g
nspectionDate H
CuisineDescription VARCHAR(100) P deS|gn ?
InspectionTypelD INT
Boro VARCHAR(20)
Building VARCHAR(20  ActionD INT
ang (20) fk_Inspections_Restaurants | . violationCode TEXT Let’s take a
» Street VARCHAR(100) <
ZipCode INT(11) Ho—— ViolationDescription TEXT Closer IOOk
» CriticalFlag VARCHAR(4)
Phone BIGINT(20)
. Score INT(11)
» Latitude DOUBLE Grade VARCHAR(4
> Grade og s
. Longitude DOUBLE @ CriticalFlag set
| tionCount INT(11 » GradeDate DATE Ny e
nspectionCoun 11) > to Y |f any
> InspectionAvgScore DOUBLE . R .
1T Y violation is
Each violation has a ! critical
.o L] ’
i i description i
Each inspection can result o otherwise ‘N’
in multiple violations \(concatenated here) x /
Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... 'Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not vermin pr... Y 17 HuLL |
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 HuLL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A 2919-03-04




There are insert anomalies

Version 1
| Restaurants v I:Ij : tj:l O
nspections v
If d hew type RestaurantID INT(11) - AISO no
. . InspectionID INT . .
of violation » RestaurantName VARCHAR(100) consistency in
CuisineDescription VARCHAR(100) > RestaurantID INT(11)
uisineDescription
code were » InspectionDate DATE values
» Boro VARCHAR(20)
i i » InspectionTypelD INT
created, it will Building VARCHAR(20) P P
. . . 2 ActionID INT
not exist in Street VARCHAR(100) fk_Inspections_Restaurants ction Could enter a
ZinCode INT(11 o——————- |+ ViolationCode TEXT C . .
the database  ZipCode INT(11) Viomtonbescrption 1ExT | Violation code
til a rhone BIGINTIZO) criticalFlag VARCHAR(@4) | that does not
riticalFla
un Latitude DOUBLE g
; INT(11 H
restaurant Longitude DOUBLE Score INT(11) exist or a
h. | tionCount INT(11) Grade VARCHAR(4) . | .
nspectionCoun
gets this type repectnGem IO GradeDate DATE violation
. . » InspectionAvgScore HP
of violation : » description that
O O [

v v does not match
the violation
code

Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... 'Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not verminpr... Y 17 [HuLL |
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 [HuLL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A

2019-03-04




There are update anomalies

Version 1
If we change

the description
for a violation
code, we must

update the

description in
all rows with

that

description

Restaurant...

30075445
30075445
30075445
30075445
30075445
30075445
30112340

InspectionD...

2019-11-04
2019-10-21
2019-06-11
2019-05-16
2018-05-11
2017-05-18
2019-03-04

_| Restaurants
RestaurantID INT(11)

» Boro VARCHAR(20)
Building VARCHAR(20)
Street VARCHAR(100)

» ZipCode INT(11)

Phone BIGINT(20)
Latitude DOUBLE
Longitude DOUBLE
InspectionCount INT(11)

InspectionType

Cycle Inspection / Re-inspection

Cycle Inspection / Initial Inspection
Cycle Inspection / Re-inspection

Cycle Inspection / Initial Inspection
Cycle Inspection / Initial Inspection
Cycle Inspection / Initial Inspection
Cycle Inspection / Initial Inspection

> RestaurantName VARCHAR(100)
CuisineDescription VARCHAR(100)

> InspectionAvgScore DOUBLE

ActionDescription

Violations were cited...
Violations were cited...
Violations were cited...
Violations were cited...
Violations were cited...
Violations were cited...
Violations were cited...

fk_Inspections_Restaurants

(| O
—| Inspections

ViolationCode

04N

08A, 06D, 04L, 10B
08C, 10B, 10F

10F, 04L, 08A

10F, 08C

06D, 10F

02G, 10F, 10B

InspectionID INT

> RestaurantID INT(11)

> Score INT(11)

Grade VARCHAR(4)
GradeDate DATE

v Uy

ViolationDescription

Filth flies or food/refu...
Facility not vermin pr...
Pesticide use not in a...
Non-food contact surf...
Non-food contact surf...
Food contact surface...
Cold food item held a...

¥ Hard to find

violation codes
and descriptions

> InspectionDate DATE

=~ InspectionTypelD INT as there are

+ ActionlDINT multiple entries

> ViolationCode TEXT O
ViolationDescription TExT | 1N these columns
CriticalFlag VARCHAR(4)

CriticalFlag also
depends on all

» valuesin the

ViolationCode
column

CriticalFlag Score Grade GradeDate

Y 7 A 2019-11-04
Y 17 i

N 6 A  2019-06-11
Y 14 i

N 5 A  2018-05-11
Y 7 A 2017-05-18
Y 13 A 2019-03-04




There are delete anomalies

Version 1
| Restaurants v 0 - .
If onIy one RestaurantiD INT(11) | Inspections v How do we fix this
inspection found RestaurantName VARCHAR(100) RestaurantID INT(11) . .
. CuisineDescription VARCHAR(100) InspectionDate DATE situation?
a pa rtlcu Ia r » Boro VARCHAR(20) InspectionType VARCHAR(100)
i i » Building VARCHAR(20) » ActionDescription VARCHAR(200) . .
::)‘;a‘:’l(e)r;:re‘::; ) Stroet VARGHAR(100) Iflk_lnspections_Restaurant:r < ViolationCode TEXT il Normalization!
» ZipCode INT(11) i ""T ViolationDescription TEXT
that inspection, » Phone BIGINT(20) : CriticalFlag VARCHAR(4)
we Would |OOSE Latitude DOUBLE Score INT(11)
Longitude DOUBLE Grade VARCHAR(4)
the violation InspectionCount INT(11) GradeDate DATE
InspectionAvgScore DOUBLE >

code P 9 = L = g
Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... 'Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not verminpr... Y 17 [HuLL |
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 [HULL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A 2_%9-03-04




1. Data anomalies

» 2. Normalization

16



Normalization is about correcting table

structure to minimize data redundancy

Normalization

Works in a series of stages called normal forms
First normal form (1NF) through third normal form (3NF) or higher
High forms tend to split relations into multiple relations, each with
fewer attributes
Generally the higher the form, the more joins are required to
produce data
* More resources required by the database to respond to requests
* Slower performance
Occasionally we will denormalize tables
* Denormalization may result in redundant/dependent data
e Particularly common in reporting/analysis databases
* Deciding when to denormalize is part of the “art” of good
database design

17



Key review

Key type Definition

Superkey An attribute or combination of attributes that uniquely
identifies each row in a table

Candidate key A minimal (irreducible) superkey; a superkey that does not
contain a subset of attributes that is itself a superkey

Primary key A candidate key selected to uniquely identify all other attribute
values in any given row; cannot contain null entries

Foreign key An attribute or combination of attributes in one table whose
values must either match the primary key in another table or
be null

Composite key A key comprised of multiple attributes (sometimes called a

compound key)

18



Functional dependence is a generalized

notion of keys

Functional dependence (FD)
* One or more attributes determine the the value of one or more
other attributes in a relation

* This role of a key — to determine the value of other attributes

* WrittenA — B
o As called the determinant
o B is called the dependent (value identified by another variable)
o Here A is the (possibly composite) key and B is a collection of

attributes that can be looked up given key A

Can look up B, if given A

19



Functional dependence can be full, partial

or transitive

Full functional dependence
* An attribute is functionally dependent on a composite key but not any
subset of the key (e.g., all attributes in key are required)
Ex: RestaurantID, InspectionDate, InspectionType — Score
All three attributes are required to uniquely identify the score

Partial dependence
* An attribute is dependent on only part of the key

Ex: RestaurantID, InspectionDate, InspectionType—InspectionDescription
* Only depends on InspectionType — straight forward, easy to identify

Transitive dependence

e [fA—Band B—C, then A—C

* An attribute is dependent on another attribute that is not part of the key

* More difficult to identify among a set of data

e Occurs when functional dependence exists among nonprime attributes
Ex: ViolationCode — ViolationDescription, CriticalFlag 20



We will examine one table at a time,

moving from First to Third Normal Form

First (1NF), Second (2NF) and Third (3NF) normal form characteristics

N2 2NF  3NF

First Normal Form (1NF)

e Data in table format

* No repeating groups

 PKandall
dependencies
identified

21



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

Inspections table

Step 1: Put in table form

"] Inspections v * Already done
RestaurantID INT(11)
InspectionDate DATE
InspectionTypelD INT
.+ ActionID INT
< ViolationCode TEXT
Yo ViolationDescription TEXT
» CriticalFlag VARCHAR(4)
» Score INT(11)
» Grade VARCHAR(4)
» GradeDate DATE
>
Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not vermin pr... 'Y 17
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 [HuLL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A 2019-03-04

22



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

Inspections table Step 1: Putin table form

"] Inspections v Step 2: Eliminate repeating groups

RestaurantID INT(11) * Multiple entries ViolationCode and
InspectionDate DATE ViolationDescription attributes because each

InspectionTypelD INT inspection may result in multiple violations

.+ ActionID INT °

Remove repeating entries by making each

ViolationCode TEXT : : :
= violation its own row
ViolationDescription TEXT
» CriticalFlag VARCHAR(4)

Score INT(11)

Grade VARCHAR(4) Repeating

GradeDate DATE groups

> \ \

Restaurant... InspectionD... InspectionType ActionDescription ViolationCode ViolationDescription CriticalFlag Score Grade GradeDate
30075445 2019-11-04 Cycle Inspection / Re-inspection  Violations were cited... 04N Filth flies or food/refu... Y 7 A 2019-11-04
30075445 2019-10-21 Cycle Inspection / Initial Inspection Violations were cited... 08A, 06D, 04L, 10B Facility not vermin pr... 'Y 17
30075445 2019-06-11 Cycle Inspection / Re-inspection  Violations were cited... 08C, 10B, 10F Pesticide use notina... N 6 A 2019-06-11
30075445 2019-05-16 Cycle Inspection / Initial Inspection Violations were cited... 10F, 04L, 08A Non-food contact surf... Y 14 [HuLL |
30075445 2018-05-11 Cycle Inspection / Initial Inspection Violations were cited... 10F, 08C Non-food contact surf... N 5 A 2018-05-11
30075445 2017-05-18 Cycle Inspection / Initial Inspection Violations were cited... 06D, 10F Food contact surface... Y 7 A 2017-05-18
30112340 2019-03-04 Cycle Inspection / Initial Inspection Violations were cited... 02G, 10F, 10B Cold food item held a... Y 13 A 2019-03-04

23



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

Inspections table Step 1: Put in table form
"] Inspections v Step 2: Eliminate repeating groups
RestaurantID INT(11) * Multiple entries ViolationCode and
InspectionDate DATE ViolationDescription attributes because each
InspectionTypelD INT inspection may result in multiple violations
@ ActioniD INT * Remove repeating entries by making each
[  ViclationCode TEXT violation its own row
] > ViolationDescription TEXT
» CriticalFlag VARCHAR(4)
Score INT(11)
Grade VARCHAR(4) Now each
GradeDate DATE violation on
P> its own row
InspectionID RestaurantlD InspectionDate InspectionType Actiom ViolationCode ViolationDescription
272957 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
290787 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
29149 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
305820 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 08C Pesticide use not in accord
119155 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
99337 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mic
151071 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 08A Facility not verminZsroof. H

227147 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface i



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

Inspections table Step 1: Putin table form
Step 2: Eliminate repeating groups
Step 3: Identify primary key

_| Inspections v

RestaurantID INT(11)
InspectionDate DATE * Primary key now needs ViolationCode to
InspectionTypelD INT uniquely identify rows
ViolationCode TEXT * Primary key now: RestauantID, InspectionDate,
> ActionID INT InspectionType, ViolationCode
= ViolationDescription TEXT e Consider surrogate key
CriticalFlag VARCHAR(4) o Four attributes becomes unwieldy
Score INT(11) o Surrogate key is a key whose value is
Grade VARCHAR(4) assigned by the system (auto increment)
GradeDate DATE
>
InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription
272957 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
290787 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
29149 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
305820 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 08C Pesticide use not in accord
119155 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface i
99337 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mic
151071 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H

227147 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface i



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

Inspections table

Step 1: Put in table form

Step 2: Eliminate repeating groups

Step 3: Identify primary key

* Primary key now needs ViolationCode to
uniquely identify rows

* Primary key now: RestauantlID, InspectionDate,

InspectionID INT
' 11)
InspectionDate DATE
> InspectionTypelD INT

2 ActionID INT
Lo violationCode TEXT ) InspectionType, ViolationCode
ViolationDescription TEXT * Consider su rrogate key
CriticalFlag VARCHAR(4) o Four attributes becomes unwieldy
Score INT(11) o Surrogate key is a key assigned by the
Grade VARCHAR(4)

system (auto increment)

GradeDate DATE

>
1 .o O O

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

272957 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
290787 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
29149 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
305820 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 08C Pesticide use not in accord:
119155 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
99337 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mic
151071 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. He

227147 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in



Start with 1NF: table form, no repeating

groups, PK and dependencies identified

"LSpe‘:tio'l‘_ls table . Step 1: Put in table form
"~ Inspections v Step 2: Eliminate repeating groups
InspectioniD INT Step 3: Identify primary key
# RestaurantiD INT(11) Step 4: Identify dependencies

inspectionDate DATE e With surrogate key, no partial dependencies
> InspectionTypelD INT

. . . L]
 ActoniD INT Tran5|t.|ve d.ependenues. | o N
L ViolationCode TEXT [ * ViolationCode — ViolationDescription, Critical Flag

ViolationDescription TEXT
CriticalFlag VARCHAR(4)
Score INT(11)

Grade VARCHAR(4)
GradeDate DATE

Now in 1NF, move on to 2NF

>
1 .o O O

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

272957 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
290787 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
29149 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
305820 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 08C Pesticide use not in accord:
119155 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface in
99337 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mic
151071 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. He

227147 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in



We will examine one table at a time,

moving from First to Third Normal Form

First (1NF), Second (2NF) and Third (3NF) normal form characteristics

INF ~ 2NF

First Normal Form (1NF) Second Normal Form (2NF)
e Data in table format * 1NF plus
* No repeating groups * No partial
 PKand all dependencies
dependencies
identified

28



Move to 2NF: remove partial dependencies

Inspections table

[ Ll
_| Inspections
InspectionID INT

2 ActionID INT
{1 ViolationCode TEXT

Score INT(11)
Grade VARCHAR(4)
GradeDate DATE

O ..
InspectionID RestaurantiD
272957 30075445
290787 30075445
29149 30075445
305820 30075445
119155 30075445
99337 30075445
151071 30075445
227147 30075445

> RestaurantID INT(11)
InspectionDate DATE
> InspectionTypelD INT

ViolationDescription TEXT
CriticalFlag VARCHAR(4)

LI
v

Cl

>
O

Step 1: Make new tables to eliminate partial dependencies
* Partial dependency is when an attribute is dependent on

only part of a composite key

* This table does not have a composite key now
 There can be no partial dependencies
* Table is automatically in 2NF

InspectionDate InspectionType

2017-05-18
2017-05-18
2018-05-11
2018-05-11
2019-05-16
2019-05-16
2019-05-16
2019-06-11

Cycle Inspection / Ini...
Cycle Inspection / Ini...
Cycle Inspection / Ini...
Cycle Inspection / Ini...
Cycle Inspection / Ini...
Cycle Inspection / Ini...
Cycle Inspection / Ini...

Cycle Inspection / R...

ActionDescription

Violations were cited in...
Violations were cited in...
Violations were cited in...
Violations were cited in...
Violations were cited in...
Violations were cited in...
Violations were cited in...
Violations were cited in...

ViolationCode

06D
10F
10F
08C
10F
04L
08A
10F

ViolationDescription

Food contact surface not pr
Non-food contact surface in
Non-food contact surface in
Pesticide use not in accordz
Non-food contact surface in
Evidence of mice or live mic
Facility not vermin proof. He
Non-food contact surface in



Move to 2NF: remove partial dependencies

"LSPECt'O'LS table | Step 1: Make new tables to eliminate partial dependencies
"~ Inspections v * Partial dependency is when an attribute is dependent on
InspectioniD INT only part of a composite key
2 RestaurantlD INT(11) e This table does not have a composite key now

InspectionDate DATE * There can be no partial dependencies

* Table is automatically in 2NF
* |f we had left the primary key as RestaurantiID,

2 InspectionTypelD INT
2 ActionID INT
{1 ViolationCode TEXT O

ViolationDescription TEXT InspectionDate, InspectionType, ViolationCode instead of
CriticalFlag VARCHAR(4) using surrogate key then:

Score INT(11) * ViolationDescription and CriticalFlag are partial

Grade VARCHAR(4)

dependencies (depend only on ViolationCode)
 We would deal with that at this stage by creating a
O o0 0 new table and reassigning dependent attributes
* With the surrogate key, we deal with it in 3NF

GradeDate DATE

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

1 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface ir
30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mi
30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in
30075445 2019-10-21 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H:

(o Talawd 0. W =~ A4 4949 MA ol It enes 1 I Al i e s el aad T MmMANI il Fllan o mam o mod Fomnd: sonon T onni
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We will examine one table at a time,

moving from First to Third Normal Form

First (1NF), Second (2NF) and Third (3NF) normal form characteristics

INF ~ 2NF ~ 3NF

First Normal Form (1NF) Second Normal Form (2NF) Third Normal Form (3NF)

e Datain table format e 1NF plus e 2NF plus
* No repeating groups * No partial * No transitive
 PKandall dependencies dependencies

dependencies
identified
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Move to 3NF: remove transitive

'ZSPEC“O'LS table . Step 1: Make new tables to eliminate transitive dependencies
"~ Inspections v * Transitive dependency: If A=B and B—C, then A—C
InspectioniD INT * Identify by looking for dependencies on nonprime attributes
2 RestaurantiD INT(11) * ViolationCode — ViolationDescription, Critical Flag

inspectionDate DATE « Make new tables to eliminate transitive dependencies
> InspectionTypelD INT

& AioniD) INT o Create table for ViolationCodes with ViolationCode as
o ViolationCode TEXT [ PK and ViolationDescription and CriticalFlag as

ViolationDescription TEXT attributes
CriticalFlag VARCHAR(4) o Make foreign key entry in Inspections table for

Score INT(11) ViolationCode
Grade VARCHAR(4)

GradeDate DATE

O oo O

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

1 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface ir
30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mi
30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in
30075445 2019-10-21 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H:

(o Talawd 0. W =~ A4 4949 MA ol It enes 1 I Al i e s el aad T MmMANI il Fllan o mam o mod Fomnd: sonon T onni
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Move dependent attributes into their own

table

Inspections table

Move dependent attributes

—| Inspections v
into their own table (we

InspectionID INT s

> RestaurantlD INT(11) \ _| Violations v would have done this with
 InspectionDate DATE InspectioniD INT partial dependencies also)
> InspectionTypelD INT ViolationCode VARCHAR(4)
ViolationCode TEXT e » ViolationDescription VARCHAR(100) Use PK in new table as FK in
< > ActionID INT » CriticalFlag TINYINT Insp ections
» ViolationDescription TEXT* / >

» CriticalFlag VARCHAR(4) *
» Score INT(11)

» Grade VARCHAR(4)

» GradeDate DATE

\I/ \l/

InspectionID RestaurantID

InspectionDate InspectionType

ActionDescription

ViolationCode

ViolationDescription

1 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
2 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface ir
3 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mi
4 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in
5 30075445 2019-10-21 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H:
0o (o Tatlawd~w. W N~ SN4 N 4949 A ol It enes 1 I Al i e s el aad T MmMANI il Fllan o mam o mod Fomnd: sonon T onni



Move dependent attributes into their own

table

Inspections table

— Move dependent attributes

| Inspections
into their own table (we

InspectionID INT = ™

> RestaurantID INT(11) \ j Violations v would have done this with
 InspectionDate DATE InspectionID INT partial dependencies also)
> InspectionTypelD INT ViolationCode VARCHAR(4)
VottonCote =" ViolationDescription VARCHAR(100) Use PK in new table as FK in
>
—VYiotatonDescriptiom TEXT
. el IF' ”!Re”!n{‘jd
» Score INT(11)
Grade VARCHAR(4)

» GradeDate DATE

\I/ \l/

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

1 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
2 30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface ir
3 30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mi
4 30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in
5 30075445 2019-10-21 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H:
0o (o Tatlawd~w. W N~ SN4 N 4949 A ol It enes 1 I Al i e s el aad T MmMANI il Fllan o mam o mod Fomnd: sonon T onni



Move dependent attributes into their own

table

Inspections table

Move dependent attributes

—OtatOESTrp o e >

—Criticatirag-YARSHARH" Problem! There is a M:N
» Score INT(11)

Grade VARCHAR(4)
» GradeDate DATE

| Inspections v
inspectioniD INT = into their own table (we
> RestaurantlD INT(11) \ _| Violations v would have done this with
 InspectionDate DATE InspectioniD INT partial dependencies also)
> InspectionTypelD INT ViolationCode VARCHAR(4)
Viotatoneote-FE " ViolationDescription VARCHAR(100) Use PK in new table as FK in
< > ActionID INT / CriticalFlag TINYINT Inspections

relationship between
Inspections and
InspectionCodes

\I/ \l/

InspectionID RestaurantlD InspectionDate InspectionType ActionDescription ViolationCode ViolationDescription

1 30075445 2017-05-18 Cycle Inspection / Ini... Violations were cited in... 06D Food contact surface not pr
30075445 2018-05-11 Cycle Inspection / Ini... Violations were cited in... 10F Non-food contact surface ir
30075445 2019-05-16 Cycle Inspection / Ini... Violations were cited in... 04L Evidence of mice or live mi
30075445 2019-06-11 Cycle Inspection / R... Violations were cited in... 10F Non-food contact surface in
30075445 2019-10-21 Cycle Inspection / Ini... Violations were cited in... 08A Facility not vermin proof. H:

(o Tatlawd~w. W N~ SN4 N 4949 A ol It enes 1 I Al i e s el aad T MmMANI il Fllan o mam o mod Fomnd: sonon T onni
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Use a joining table for M:N relationships

Inspections table

fk_InspectionViolations |InspectionID INT(11)
EI:I Inspectli%ns vEI ViolationCode VARCHAR(10)
> Inspection table get smaller

InspectionID INT(11)
RestaurantID INT(11)
> InspectionTypelD INT(11)
InspectionDate DATE

> ActionID INT(11) H—
Score INT(11)
Grade VARCHAR(4)
» GradeDate DATE
>
>
O O

—I<
—I<

InspectionID RestaurantID

1

D O A~ W N

30075445
30075445
30075445
30075445
30075445

(o Tatlawd~w. W N~

InspectionDate InspectionType

2017-05-18
2018-05-11
2019-05-16
2019-06-11
2019-10-21

SN4 N 4949 A

—| InspectionViolations v

Use a joining table

* New tables created

fk_ViolationCodes °

Dependent attributes

moved into new tables

—| ViolationCodes v
ViolationCode VARCHAR(10)
> ViolationCodeDescription VARCHAR(400)

CriticalFlag VARCHAR(4)
>

ActionDescription ViolationCode

Cycle Inspection / Ini... Violations were cited in... 06D
Cycle Inspection / Ini... Violations were cited in... 10F
Cycle Inspection / Ini... Violations were cited in... 04L
Cycle Inspection / R... Violations were cited in... 10F
Cycle Inspection / Ini... Violations were cited in... 08A
ol It enes 1 I Al i e s el aad T MmMANI

ViolationDescription

Food contact surface not pr
Non-food contact surface in
Evidence of mice or live mi
Non-food contact surface in
Facility not vermin proof. H:

il Fllan o mam o mod Fomnd: sonon T onni



Normalization is valuable because it helps

eliminate data redundancies

Other steps to consider after reaching 3NF

* |dentify new attributes and new relationships (did we forget
anything?)

e Refine attribute atomicity (will we ever need part of an
attribute like first name if storing name as first and last name)

o Atomic attribute: cannot be further subdivided
o Atomicity: characteristic of an atomic attribute
* Evaluate using derived vs. stored attributes
e Consider foreign key requirements

o Here we want Actions and InspectionTypes to be selected
from a set of known values

o Create new tables for these, use PK as FK in Inspections
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Normalized Inspections table

| InspectionViolations v

fk_InspectionViolations |InspectionID INT(11)
. ViolationCode VARCHAR(10)
—| Inspections v

>
InspectionID INT(11)

2 RestaurantID INT(11)
> InspectionTypelD INT(11) fk_ViolationCodes
iections_Restaurants InspectionDate DATE
_________ |< > ActionID INT(11)
Score INT(11)

Grade VARCHAR(4) _| ViolationCodes v
GradeDate DATE ViolationCode VARCHAR(10)
> ViolationCodeDescription VARCHAR(400)
> CriticalFlag VARCHAR(4)
\'4 \'4 >
| I
| I , :
fk_Inspections_Actions | | fk_Inspections_InspectionTypes
T 7 R S i B A e |
| |
! |
0 Q
"] Actions v | InspectionTypes v

ActionID INT(11) | InspectionTypelD INT(11)

ActionDescription VARCHAR(150) InspectionTypeDescription VARCHAR(100)
> > 8




Sometimes we choose to denormalize

Restaurants table

Can you identify any dependencies in the
] Restaurants v Restaurants table?

restaurantld INT(H) * Can there be any partial dependencies
» RestaurantName VARCHAR(100)

» CuisineDescription VARCHAR(100) here?

Boro VARCRAR(20) e Can there be any transitive
 Building VARCHAR(20) -
. Street VARCHAR(100) dependencies:

ZipCode INT(11)

» Phone BIGINT(20)

» Latitude DOUBLE

» Longitude DOUBLE
InspectionCount INT(11)

» InspectionAvgScore DOUBLE
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Sometimes we choose to denormalize

Restaurants table

Can you identify any dependencies in the
] Restaurants v Restaurants table?

restaurantld INT(H) * Can there be any partial dependencies
» RestaurantName VARCHAR(100)

. CuisineDescription VARCHAR(100) here? No: key is single attribute

Boro VARCHAR(20) * Can there be any transitive
» Building VARCHAR(20)

» Street VARCHAR(100) dependenCIeS?
ZipCode INT(11) I

» Phone BIGINT(20)

» Latitude DOUBLE

» Longitude DOUBLE
InspectionCount INT(11)

» InspectionAvgScore DOUBLE
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Sometimes we choose to denormalize

Restaurants table

Can you identify any dependencies in the

] Restaurants v Restaurants table?
restaurantld INT(H) * Can there be any partial dependencies
» RestaurantName VARCHAR(100) . . .
. CuisineDescription VARCHAR(100) here? No: key is single attribute
+ Boro VARCHAR(20) * Can there be any transitive
> Building VARCHAR(20) . o o
* Street VARCHAR(100) dependencies? Yes: ZipCode gives Boro
» ZipCode INT(11) I . .
Phone BIGINTE0) Could make a table with ZipCode as key
’ Latitude DOUBLE and Boro as attribute and look up Boro
+ Longftude DOUBLE with JOIN as needed

> InspectionCount INT(11)
» InspectionAvgScore DOUBLE
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Sometimes we choose to denormalize

Restaurants table

Can you identify any dependencies in the

] Restaurants v Restaurants table?
restaurantld INT(H) * Can there be any partial dependencies
» RestaurantName VARCHAR(100) . . .
. CuisineDescription VARCHAR(100) here? No: key is single attribute
? Boro VARGHAR(20) e Can there be any transitive
> Building VARCHAR(20) ) ] .
) Sirost VARCHAR(100) dependencies? Yes: ZipCode gives Boro
» ZipCode INT(11) I

Phone BIGINT(Z0) For simplicity we choose to keep this table
» Latitude DOUBLE

. Longitude DOUBLE denormalized (2NF, has transitive dependency)

> InspectionCount INT(11) ..
. InspectionAvgScore DOUBLE But, want Cuisine to be selected from a small

> number of options, so make a Cuisine table and
use Cuisine as FK in Restaurants table
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Final normalized design

| InspectionViolations v

| Restaurants v fk_InspectionViolations |InspectionID INT(11)
RestaurantID INT(11) ~| Inspections v ViolationCode VARCHAR(10)
RestaurantName VARCHAR(100) | 4onID INT( 1) >
nspection
Boro VARCHAR(20
Buildi VARCHZ\RZZO) 2 RestaurantID INT(11)
ullain
Street 3ARCHAR 100 > InspectionTypelD INT(11) fk_ViolationCodes
ree (100) fk_Inspections_Restaurants InspectionDate DATE
ZipCode INT(11
P () e e L < & ActionID INT(11) H
Phone BIGINT(20) Score INT(11)
Latitude DOUBLE Grade VARCHAR(4) ~] ViolationCodes v
Longitude DOUBLE GradeDate DATE ViolationCode VARCHAR(10)
~ CuisinelD INT(11) > ViolationCodeDescription VARCHAR(400)
InspectionCount INT(11) > CriticalFlag VARCHAR(4)
InspectionAvgScore DOUBLE v v >
= T T
| | . 1
YI fk_Inspections_Actions | I fk_Inspections_InspectionTypes
_____ - e e e e e e e o |
fk_Restaurants_Cuisine II [
|
| | |
| o) Q
]
Q? | Actions v | InspectionTypes v

_| Cuisine v ActionID INT(11) InspectionTypelD INT(11)
CuisinelD INT(11) ActionDescription VARCHAR(150) InspectionTypeDescription VARCHAR(100)
CuisineDescription VARCHAR(100) > >
>

43



44



Normal forms

Normalization: evaluating and correcting table
structures to minimize data redundancies

First normal form (1NF) Table format, no repeating groups, PK
and dependencies identified Normally
. _ good enough
Second normal form (2NF) 1INF and no partial dependencies /
Third formal form (3NF) 2NF and no transitive dependencies

Boyce-Codd normal form (BCNF) Every determinant is a candidate key
(special case of 3NF)

Fourth normal form (4NF) 3NF and no independent multivalued
dependencies

Fifth normal form (5NF) and Mainly of academic interest only
more
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