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Class warm-up

e Quick exam1 discussion (more on WED):
— Points vs Grades

— Was it fair and types of problems similar to problems seen in class and on
HWSs? Open-book vs closed book (open is more time constraint)

— exam?2 will have paper and computer components
— Discuss example solutions next class? If yes, poll in class next time.

e Please use our various options for feedback

« Starting Database Design today
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The "Surfer Analogy" for time management

Source: http://stwww.surfermag.com/files/2013/10/Yak Charlie-970x646.ipg
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Entity-Relationship Diagram (ERD) for IMDB

Situation:
* There are actors and movies.
e Actors can playlin multiple movies, movies can have multiple actors.

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Entity-Relationship Diagram (ERD) for IMDB

Actor Movie

Entity Entity

Situation:
* There are actors and movies.
e Actors can play in multiple movies, movies can have multiple actors.
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Entity-Relationship Diagram (ERD) for IMDB

Actor N Plays In Movie

Entity \’R@laﬁowship Entity
Cardinality of relationship

/AY/ \j M
M
Situation: A< M

* There are actors and movies.
e Actors can play in multiple movies, movies can have multiple actors.
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Entity-Relationship Diagram (ERD) for IMDB

Actor Plays In Movie

Situation:

* There are actors and movies.

e Actors can play in multiple movies, movies can have multiple actors.

e Actors have names and gender. Movies have name, year and can have multiple genres
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Entity-Relationship Diagram (ERD) for IMDB

Actor N Plays In N Movie

attributes Wultivalued attribute:
a Wovie can be assigned
D, 1 or more gewres

Situation:

* There are actors and movies.
e Actors can play in multiple movies, movies can have multiple actors.
e Actors have names and gender. Movies have name, year and can have multiple genres
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Entity-Relationship Diagram (ERD) for IMDB

Actor N Plays In N Movie \.

color is optional

attributes Wultivalued attribute:
a Wovie can be assigned
D, 1 or more gewres

Situation:

* There are actors and movies.

e Actors can play in multiple movies, movies can have multiple actors.

e Actors have names and gender. Movies have name, year and can have multiple genres
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Entity-Relationship Diagram (ERD) for IMDB

Actor

fname
Iname
gender

Situation:

Plays In

* There are actors and movies.
e Actors can play in multiple movies, movies can have multiple actors.
* Actors have names and gender. Movies have name, year and can have multiple genres
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Movie

name
year

This is a mix between
+wo notations. Pon't do
+hatt

{genre}
\ Wultivalued attribute:

a Wovie can be assigned
D, 1 ofr Wore gevres
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Entity-Relationship Diagram (ERD) for IMDB

Situation:

* There are actors and movies.

Plays In» _
Actor Movie
fname frole} name
Iname year
gender

alternative
UWML wotation

{genre}
\ Wultivalued attribute:

a Wovie can be assigned
D, 1 ofr Wore gevres

e Actors can play in multiple movies, movies can have multiple actors.
* Actors have names and gender. Movies have name, year and can have multiple genres

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Entity-Relationship Diagram (ERD) for IMDB

Crow feet wotation

Situation:

* There are actors and movies.

Plays In» _
Actor Movie
fname frole} name
Iname year
gender

{genre}
\ Wultivalued attribute:

a Wovie can be assigned
D, 1 ofr Wore gevres

e Actors can play in multiple movies, movies can have multiple actors.
* Actors have names and gender. Movies have name, year and can have multiple genres

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Entity-Relationship Diagram (ERD) for IMDB

This is still an ER diagram

Situation:

A Wovie can have D to wmany actors:
* Wmin: D (participation constraint:
"optional”, vot "mandatory")

0..N

Actor () Plays In> ()4 Movie
fname frole} name
Iname year
gender

How +to represent this situation
im a relational PBMS f?

{genre}
\ Wultivalued attribute:

* max: N = wmany (cardinalities)

* There are actors and movies.

e Actors can play in 0, 1 or more movies, movies can have O, 1, or more actors.
* Actors have names and gender. Movies have name, year and can have O, 1, or more genres
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a Wovie can be assigned
D, 1 ofr Wore gevres
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ERD — Relational schema
This is a wmix for illustration. Pon'+ do that!

@_@dm

oo

id {role} mi

fname genre

Iname

gender Wultivalued attribute:

a Wovie can be assigned
D, 1 ofr Wore gevres

Situation:

* There are actors and movies.

e Actors can playsin 0, 1 or more movies, movies can have 0O, 1, or more actors.

* Actors have names and gender. Movies have name, year and can have O, 1, or more genres

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 14
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Relational schema for IMDB

Situation:

id
fname

Iname

gender

@jn

al

mid

role

* There are actors and movies.

e Actors can play in 0, 1 or more movies, movies can have 0, 1, or more actors.
* Actors have names and gender. Movies have name, year and can have O, 1, or more genres

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

This is relational schemal

Movie
id
name

year

@_@dm

mi

genre
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Big IMDB schema (Postgres)

e e
id id

mi

genre name

aid \
mid
role m
id

year

fname

Iname

gender
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Relational schema for IMDB
This is relational schemal

Py Garro
id id ' i

ai id mid
fname mid name genre
Iname role year
gender

what if every actor play f?
maximal owe role in a movie?

Situation:

* There are actors and movies.

e Actors can play in 0, 1 or more movies, movies can have 0, 1, or more actors.

* Actors have names and gender. Movies have name, year and can have O, 1, or more genres
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Relational schema for IMDB

Py Garro

aid id mid
fname mid name genre
Iname role year
gender

what if every actor play
maximal owe role in a movie?

efine appropriate keys!
Situation: Defiv PPropri kevs

* There are actors and movies.

e Actors can play one role in 0, 1 or more movies, movies can have 0, 1, or more actors.
* Actors have names and gender. Movies have name, year and can have O, 1, or more genres
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ER modeling

https://northeastern-datalab.github.io/cs3200/
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Data modeling and Database Desigh Process

1. ER Diagram

Conceptual Model:

I Actor Movie
("technology independent")

describe main data items

2. Relational Database Design

Logical Model

("for relational databases"):
Tables, Constraints / \ / \
Functional Dependencies

Normalization:
Eliminates anomalies

3. Database Implementation — —

Physical Model
Physical storage details
Result: Physical Schema

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

20


https://northeastern-datalab.github.io/cs3200/

Database Design

« Database design: Why do we need it?

— Agree on structure of the database before deciding on a particular implementation

Relational model has owly ove

« Consider issues such as: concept: he relation (table)

— What entities to model

ER have +wo, closer +o model
real-world situations: entities,
— What constraints exist in the domain relationships b/w/ entities

— How entities are related

— How to achieve good designs

o Several formalisms for ERDs exist. We will discuss several, in particular
— Stanford arrow notation (also our textbook SDK)
— Crow's foot notation

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Database Desigh Process

1. Requirements Analysis 2. Conceptual Design

1. Requirements analysis
— What is going to be stored?
— How is it going to be used?
— What are we going to do with the data?
— Who should access the data?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

3. Relational design

Technical and non-
technical people are
involved

22
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Database Desigh Process

1. Requirements Analysis 2. Conceptual Design 3. Relational design

ERD Actual tables
2. Conceptual Design

— A high-level description of the database

— Sufficiently precise that technical people can understand it

— But, not so precise that non-technical people can’t participate

perfect fit for ER modeling One (?f the main b@wqﬁi—s of using ER dia@mms i!/lS‘l‘&&ld of
relational schemas directly is easier communication: The

relationships are usually more visible in an ERD and the
database structure becomes easier o understand and discuss

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Database Design Process

1. Requirements Analysis 2. Conceptual Design

ERD
3. Relational model
— Logical Database Design

d More:
— Physical Database Design
— Security Design

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

3. Relational design

Actual tables
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Database Design Process

1. Requirements Analysis 2. Conceptual Design 3. Relational design

\ )
f

ER Diagrams are used

e

This process is
iterated many
times

E/R is a visual syntax for DB design which is precise enough for
technical points, but abstracted enough for non-technical people

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Interlude: Impact of the ER model

« The E/R model is one of the most cited articles in Computer Science

— “The Entity-Relationship model — toward a unified view of data” Peter
Chen, 1976

— Compare to "business model canvas", Alexander Osterwalder 2008

https://en.wikipedia.org/wiki/Business Model Canvas

« Used by companies big and small
— You’ll know it soon enough

e "Chen notation": different from "UML"

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Graphicacy

"Graphicacy is concerned with the
capacities people require in order to
interpret and generate information
in the form of graphics."

7

Numeracy

Source: W.G.V Balchin, Graphicacy 1976, http://en.wikipedia.org/wiki/Graphicacy
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Example Framework 2: Business Model Canvas

The Business Model Canvas

Keylime Help Desk

|

Problem

Support cases get
lost or forgotten
about.

Support cases are
hard to share and
delegate.

Help desk
software is
complicated and
slow.

Are these really top
customer problems?
Doubt it. Need to test
big time.

Solution Unique value proposition
All cases saved in
one place, with
current status and Web-based Help
history. Desk software.
Help your
Add/remove customers in
agents to case via record time.
web interface
Eliminate extra
fields. Keyboard ::’Ip d?rs‘kt,
shortcuts. SOTWeto oS
o A easier than email.
P et Happy agents
Key metrics make happy
customers.
Tlckets created
per day
These UVPs are bad.
Need to get a better
Tickets updated handle on what really
per day matters to customers.

Unfair advantage

Become an
authority on
support niche.
Blog?

Channels

SEO (competitive)
+ Sales Website

Create Customer
Service Blog for
THIS vertical

Add-on for
existing product?

Customer Segments

Small Businesses
(REALLY Need a
verticall)

Alternatives:

- Shared inbox

- Autotask, Zendesk,
Assistly, Support
Bee, Help Scout, etc
etc etc

- Open source
ticketing systems

Primary User:
Help Desk Agent

Secondary User:
Customer's
customer

Cost Structure

Revenue Streams

Some vertical that
has specific needs
not addressed by

Early Adopters: —

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Hosting + Billing People Costs: $0 B b o 30-day Free Trial most help desk
Gateway Costs: Usability Testing: $800 rf.(a:a MU @ $24.95/month software
ustomers
$304/month (840 x 20 people) per company
Uadidoble
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Canvas (cont.)

-> ‘ Osterwalder & Pigneur (2010): Business Model

You're holding a handbook for visionaries, game changers,
and challengers striving to defy outmoded business models
and design tomorrow’s enterprises. It's a book for the . . .

Business

WRITTEN BY
Mesanter Oxterwaider b Tow P

CO-CREATED BY
An srazeg Dowd of £70 pracitonens bom 45 comtuey

DESIGNED BY

n-h.m"“-; D &‘ 7 9 @/\E ‘q
*i hﬁ&?@é* / {"29}’»

Prof. Dr. E. Fleisch Slide 27 ,‘ ETH
2013 © ETH/HSG YA\ University of St.Gallen Zorich

Swiss Federal Institute of Tachnalogy Zurkh

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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The Business Model Canvas

KEY KEY igﬁ VALUE CUSTOMER CUSTOMER
PARTNER ACTIVITIES & PROPOSITION RELATIONSHIPS SEGMENT
' . .
. *  What type of relationship
g\;r;?n:;g?our Key *  What Key Activities do (\;\Qis;/?;uti g owe does each of Customer » For whom are we
' our Value Propositions Segments expect us to creating value?
*  Who are our key . customer? ) .
. require? . establish and maintain * Who are our
suppliers? L »  Which one of our th them? ti rtant
« Which Ke e Our Distribution customer’s problems with them? most importan
y Channels? : *  Which ones have we customers?
Resources are we are we helping to tablished?
acquiring from ’ Custqmer I solve? eHs ablis ? ) hev?
partners? ) I;elatlonsr;i)s. ) . Which customer . ow costly are they”
*  Which Key evenue streams: needs are we
Activities do KEY satisfying?
partners perform? = *  What bundles of
RESOURCES products and % SALES
services are we CHANNELS
*  What Key Resources do offering to each « Through wich Channels
our Value Propositions Customer Segment? do our Customer
require? Segments want to be
* Our Distribution reached?
Channels? * How are we reaching
* Customer , them now?
Relationships? + How are our channels
* Revenue Streams? integrated?
5 COST STRUCTURE 12 ~ REVENUE STREAMS
&
=& + What are the most important costs inherent in our % » For what value are our customers really willing to pay?
business model? * For what do they currently pay?
*  Which Key Resources are most expensive? .
Prof. Dr. E. Fleisch Slide 28 '< ETH
2013 © ETH/HSG TA, University of St.Gallen ~ fésepsiae tecmucne Hochsante
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Example framework that puts things into context:
Porter's 5 Forces

Threat
of New
Entrants

¥

Bargaining Among Bargaining
Power of Existing Power of
Suppliers Competitors Buyers

1 )

Threat of
Substitute
Products or

Services

Source: Michael Porter, "The five competitive forces that shape strategy," HBR, Jan 2008.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Hypes were and will always be present

CURRENT

BOOM 200
A History of Home Values o , 190
The Yale economist Robert J. Shiller created an index of American housing prices going back to 1890. It is based
on sale prices of standard existing houses, not new construction, to track the value of housing as an investment 180
over time. It presents housing values in consistent terms over 116 years, factoring out the effects of inflation. 2
The 1830 benchmark is 100 on the chart. If a standard house sold in 1890 for $100,000 (inflation- adjusted to o 170
today's dollars), an equivalent standard house would have sold for $66,000 in 1920 (66 on the index scale) and

$199,000 in 2006 (199 on the index scale, or 99 percent higher than 1830).

80
70

DECLINE AND RUN-UP Prices dropped as
mass production techniques appeared
early in the 20th century. Prices spiked

with post-war housing demand.

BOOM TIMES Two gains in recent decades 150
were followed by returns to levels consistent

since the late 1950's. Since 1997, the index
has risen about 83 percent

1890 1900

Source: “lrrational Exuberance,

Source: http://www.accumulatingmoney.com/real-estate-mania-a-history-of-home-values/, http://www.minyanville.com/assets/Image/tulipmania.jpg

1910 1920 1930

2nd Edition, 2006, by Robert J. Shiller

1940

1950

1960 1970 1980 1990 2000

Bill Marsh/The New York Times

&0
GoupaTuLiPBULBS 1
Dec. 1, 163410 Feb.5. 1637 I
» 4 Seleced Pocee in Cuillerns Aas ]
Log Scde i
I
l
159 ’ :
10 M :
|
)
6 el ' ‘
/
4+ )
/( \
7 1
> \
21 - ‘/ !
G |
* )
crAnT oo
© 2002 8ot VWave Iitemationa) n0) 4 o
was ; 1635 %B Wy
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Hypes were and will always be present

Main Stages in a Bubble

{ “New Paradigm™!!!
Valuation R
Owlusion Return to “normal”
Greed
S Bull trap
Institutional Public Fear
Smart Money . i
investors
Enthusiasm
Capitulation
Media attention
Return to
First Sell off h rabis
Stealth Phase Awareness Phase ManiaPhase BlowoffPhase 5

De Jwary el Modegue, Dept. of Econoencs & Geographyy, Molids Unaersay

Source: http://glyndk.blogspot.com/2010/04/when-tulip-bubbles-burst.html
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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If you use this abstraction to analyze technology,
you get Gartner's Hype Cycle

AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME

Source: http://upload.wikimedia.org/wikipedia/commons/9/94/Gartner Hype Cycle.svg
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Hype Cycle for Emerging Technologies 2011

expectations
Activity Streams

Wireless Power
Social Analytics a
Group Buying —~_ Xy
Gamification )
3D Printing
Image Recognition
Context-Enriched Services
Speech-to-Speech Translation
| Internet of Things
Natural Language Question Answering y
Mobile Robots ~ O

"Big Data" and Extreme Information
Processing and Management

Social TV §

Video Analytics for Customer Service @
Compuler—lerain Interface £\

Hosted Virtual

Internet TV
NFC Payment
Private Cloud Computing

Augmented Reality
Cloud Computing
Media Tablet
o Virtual Assistants
In-Memory Database Management Systems

Q Gesture Recognition
Machine-to-Machine Communication Services

I Mesh Networks: Sensor Location-Aware Applications

@
O .
Speech Recognition
Predictive Analytics
Cloud/Web Y oo
~ Platforms ~ G Mobile Application Stores
Biometric Authentication Methods

Idea Management

Quantum Computing £ Desktops o
| A >
Human Augmentation A AETISLYIONCe 82/123:1?;&%?:)n
3D Bioprinting
E-Book Readers
As of July 2011
Peak of
Technology I Trough of Plateau of
- nflated Slope of Enlightenment :
Trigger Expectations Disillusionment Productivity
time o
Years to mainstream adoption: abacleta

O less than 2 years

O2toS5years @ 5to10years A morethan 10 years @ before plateau

Source: Hype Cycle for Emerging Technologies 2011, Gartner (July 2011), http://www.gartner.com/it/page.jsp?id=1763814
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Strategy Canvas: Example Nintendo Wii (1/3)
Nintendo Wii Strategy Canvas

High
0]
>
o
-
o
£
3
@)

Low
Price Non—_gam_irjng Processing Desigr_1 Motion
functionalities power aesthetics
High resolution HDTV Online Available game Family friendly
graphics capabilities gaming titles games

Source: INSEAD, Blue Ocean Strategy Institute, 2013.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Strategy Canvas: Example Nintendo Wii (2/3)
Nintendo Wii Strategy Canvas

High
/\:deo Game Console Industry Nintendo Wi
(]
>
o
-
o
=
k2
o
Low @
Price Nonjgam_ir)g Processing Desigr_m Motion
functionalities power aesthetics
High resolution HDTV Online Available game Family friendly
graphics capabilities gaming titles games

Source: INSEAD, Blue Ocean Strategy Institute, 2013.
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Strategy Canvas: Example Nintendo Wii (3/3)
Nintendo Wii Strategy Canvas

Eliminate Reduce Raise Create
High ™1 i | i
r:/. o—0—0 | o—t—0—0

. i i . .

: Video Game Console {ndustry i Nintendo Wi
| | |
sl | |
it 1 1 1
2 I i i
= I I 1
o 1 1 1
& 1 1 1
@) 1 1 1
1 1
1 1
1 1
1 1
1 1 1
1 1 1
1 1 1
i ) )
Low L : : :

. Non-gaming Processing Design .
Price functionalities power aesthetics Motion
High resolution HDTV Online Available game Family friendly
graphics capabilities gaming titles games

Source: INSEAD, Blue Ocean Strategy Institute, 2013.
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"Redefine the Market"

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Pictograms for "complex instructions”

P
\ e
7z
@
%

Source : lkea
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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IKEA kits have many components

10x

Source: Sergei Maslov, "Why bacteria run Linux while eukaryotes run Windows?" citing Justin Pollard, http://www.designboom.com

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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They need to be assembled to work

Source: Sergei Maslov, "Why bacteria run Linux while eukaryotes run Windows?" citing Justin Pollard, http://www.designboom.com

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Some comments on
Notations
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Different sources, different notations
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Abraham Silberschatz.. |
Henry F. Korth

Ramakrishnan + Gehrke

[Hoffer+'10] [Cow book'03] [Stanford book'08] [Connolly+'15] [Silberschatz+'20]
Crow foot SDK arrows

[Hoffer+'10]: Hoffer, Ramesh, Topi. Modern Database Management, 10" ed, 2010.
https://www.pearson.com/us/higher-education/product/Hoffer-Modern-Database-Management-10th-Edition/9780136088394.html

[Cow book'03]: Ramakrishnan, Gehrke, Database Management Systems, 3 ed, 2003. http://pages.cs.wisc.edu/~dbbook/

[Stanford book'08]: Garcia-Molina, Ullman, Widom. Database Systems: The Complete Book, 2" ed, 2008. http://infolab.stanford.edu/~ullman/dscb.html

[Connolly+'15]: Connolly, Begg. Database systems: A practical approach to design, implementation, and management, 6" ed, 2015.
https://www.pearson.com/us/higher-education/program/Connolly-Database-Systems-A-Practical-Approach-to-Design-Implementation-and-Management-6th-Edition/PGM116956.html

[Elmasri+'15]: Elmasri, Navathe. Fundamentals of Database Systems, 71" ed, 2015.
https://www.pearson.com/us/higher-education/program/Elmasri-Fundamentals-of-Database-Systems-7th-Edition/PGM189052.html

[Silberschatz+'20]: Silberschatz, Korth, Sudarshan. Database system concepts, 71" ed, 2020. https://www.db-book.com/db7

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

44


https://northeastern-datalab.github.io/cs3200/
https://www.db-book.com/db7/
https://www.pearson.com/us/higher-education/product/Hoffer-Modern-Database-Management-10th-Edition/9780136088394.html
http://pages.cs.wisc.edu/~dbbook/
http://infolab.stanford.edu/~ullman/dscb.html
https://www.pearson.com/us/higher-education/program/Elmasri-Fundamentals-of-Database-Systems-7th-Edition/PGM189052.html
https://www.pearson.com/us/higher-education/program/Connolly-Database-Systems-A-Practical-Approach-to-Design-Implementation-and-Management-6th-Edition/PGM116956.html

HOW STANDARDS PROUFERATE:
(S8 AIC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

17 RiDIcCULoVS! SOON:
WE NEED To DEVELOP

NVERSAL STAN
SITUATION: || Tier covers evervones || STUATON:

HERE ARE USE CASES.  \ep THERE ARE
|4 COMPETING ' |h COMPETING

smoreos. || O gp’ STANDPRDS.
AR

Source and further pointers: https://xkcd.com/927/, https://www.explainxkcd.com/wiki/index.php/927: Standards
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Comparison of ERD frameworks |
A variant of

IIUMLII
Chen's Crow's Foot
Strong entity Entity name Entity name
Weak entity Entity name Entity name
Entity with attributes Entity name Entity name

f\{ Attribute name
Attribute name Attribute name Attribute name
Attribute name

Attribute name
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Comparison of ERD frameworks |
A variant of

IIUMLH
Chen's Crow's Foot
Strong entity Entity name Entity name
Weak entity Entity name Entity name
Entity with attributes Entity name Entity name

Attribute name
Attribute name
Attribute name

———

Color is not part
of the standard...
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Attributes

Chen's Crow's Foot

Attribute Attribute name

Entity name

PK Attribute Attribute name PK attribute >

Derived attribute (Attribute namé} Composite attribute —

Multi-valued attribute (Attribute name Derived attribute >

Multi-valued attribute 7

Attribute name
Attribute name
Attribute name

(Attribute name,

Attribute name)
Attribute name
[Attribute name]
{Attribute name}

Composite attribute

Attribute name Attribute name
Attribute name
Wolfgang Gatterbauer. Database design: https://northeastern= Eithub.io/cs3200/
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Relationships

Binary
Relationship

Relationship of
Higher
Degree

Chen's

Relationship
name

A

C
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Crow's Foot

Relationship Name

A

B

C
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(1.N)

Chen's

el. nam

(1,1)(0,N)

(O,N

Types of Binary Relationships

Crow's Foot

Rel.

"SDK arrows"

name

Rel.

on

A

—<Fot v

~N

name

Rel.

name
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I_et | S re a d department

course_dept dept_name

an example ERD e

stud_dept
instructor student
D < advisor D
name name
salary tot_cred
——————— grade
section
course secid. time_slot
course_id semester sec_time_slot time_slot_id
tttle' vear. { day
credits start_time
end_time
prereq )
course_id prereq_id sec_class
classroom
building
room_number
capacity

Source: "SDK", Silberschatz, Korth, Sudarshan, Database system concepts, 7t ed, 2020. Fig 6.15
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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-xample ERD

course_dept

dept_name
r ° . building
Tor a University
— o stud_dept
-nterprise
instructor student
D = advisor D
name name
salary tot_cred
——————— grade
section
cours.e sec_id. . time_slot
course id semester. sec_time_slot time_slot_id
title ' year. { day
credits start_time
end_time
prereq 1
course_id prereq_id sec_class
classroom
building
room_number
capacity

Source: "SDK", Silberschatz, Korth, Sudarshan, Database system concepts, 7t ed, 2020. Fig 6.15
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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/ department

| dept _name
building
budget

Let's read
an example ERD

stud_dept

<.f <\/ — optiovnal
(partial)

instructor student

D advisor D
name name
salary N t_cred

A

N\
C— T <S0—/——— wmawndatory

(+o+a l ) course sec id time_slot
course_id semester sec_time_slot time_slot_id
title Year. { day
credits start_time

end_time
]
course_id prereq_id sec_class

classroom

building
room_number
capacity

Source: "SDK", Silberschatz, Korth, Sudarshan, Database system concepts, 7t ed, 2020. Fig 6.15
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Modeling Notation ("Consistency beats brilliance")

Hoffer-Ramesh- Visio PRO CA ERWin Data Sybase PowerDesigner Oracle Designer
Topi Notation 2003 Modeler r7.3 15 10g
EMPLOYEE EMPLOYEE
_ EMPLOYEE PRODUCT LINE
EnBasﬁtylc Strong Weak
Ot PREDLET
.MN_WI [I RN
giay :E_ —y ncen e [ ] l—' a:"‘—" = a: -.’..E:..'_':' 3 _:",-‘:j: -r (No wecial qmbo'.
me Associalive o ==t S . I : Py . Uses regular Entity
Entity e LeUs o Al symbol.)
—J
= e gvk.ov!!
Sxtrres 1D Crepieyee D DU ER
i ey ";;E-;;.g;;“ e SUPERTYPE
e = ‘ s
Subtypes fa%al L‘T‘ !,.m..
m's,;o,i" m-lum-] MOURLY EUPLOVEE Ay sRED EMMOYEE e SUBTYPE A ||SUBTYPE B
HOURLY || SALARIED [ | (R emamn | | B0 J [t ] ——  [usetsw)
EMPLOYEE | | EMPLOYEE fwnes, || ot ‘ : :
Frghoyen Ty
suo?mhﬁwoewiﬁf oy EMPLOYEE SUPLTEE
Manages @ | Empleyee 1D Bvioyeatore | Cromasnse)
Emplayee_Nams f"::'::? i::::" -
Recursive EMPLOYEE Employee_Address 1 T 1 N
Relationship PK |Employee ID Employee_Type | \.'
EMH-OYEE Ervoioyse_Name | et piavcch et e ,
Employee_Address | Marage N !
Employee_Type | I — o, O
ENTITY NAME EMPLOYEE EMPLOYEE
Identifier .
Partal Identifier PK | Employee ID Employee_ID B | PrODUCT LINE
. Optional E e e PRODUCT_LINE_ID
Attributes mployee_Address Crmgteres Addres pt # _LINE_
ISRV Employee_Name Employee Name e * PRODUCT_LINE_NAME
(Mutivalued) Employee_Address ployee_ e ld
Conpodie,.,) Employee:Type

Source: Hoffer, Ramesh, Topi, "Modern database management," 10 ed, 2010., Table A-1
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Modeling Cardinality/Optionality Notations

Hoffer-Ramesh-Topi Visio PRO CA ERWin Data Sybase PowerDesigner Oracle Designer
Notation 2003 Modeler r7.3 15 10g
(Not available (Not available 0,1 0,1
11 without cardinality) without cardinality) -0
M 1 < (Not available (Not available 0,1 0,n <
' i < without cardinality) without cardinality) —O_O< <
M:N > < (Not allowed) > < >Ou‘oé > <
Mandatory Ll L1 Ll Ll } 1 1
1:1 LA L) ] L] 1 1 I
Mandatory 11 | : : < 1 L <
M Ll '\ I | l < p 1 LN ~
Optional 0,1 0,n
M +O0—O0K +0--0+< | H0—O0+ —o0—0« -———-€

Source: Hoffer, Ramesh, Topi, "Modern database management," 10 ed, 2010., Table A-1
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Various Notations

Chen's notation

Entity

Weak Entity

‘Relationship >

<< Relationship_>>

Source: http://www.conceptdraw.com/How-To-Guide/erd-entity-relationship-diagram-symbols

Associative
Entity g

Entity ( Attribute
Weak Entity Key attribute
Relationship

Weak key attibute_

Identifying Relationship

Associative Entity

Crow's Foot notation

Entity
(with no attributes)

Entif

ntity
(with attributes field)

Entity
(attributes field with columns)

Entity
(attributes field with columns and

variable number of rows)
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Relationships

(Cardinality and Modality)

>0

Zero or More

One or More

One and only

One

Zero or One

! Derived attribute

/ N
\(Multivalue attribute |

Participations

Cardinality can be shown or hidden

Attribute Mandatory
1
Key attribute
1
Weak key attribute
1
Optional
Derived attribute =~ -~~~ """ """~
1
R
Muitivalue attribute
Many - to - One
> M:1 =
= LLs
>0 M:1 i
> M:1 o
>0 M:1 o
Many-to-Many
0 M:M o<
>t M:M »
50 M:M >
Many-to-Many
" 1:1 Ok
mn 1:1 '

Recursive Relationship
Cardinality can be shown or hidden

(0:1)

(1:1)

(O:N)

(1:N)

(0:M)

(1:M)

a one through many notation on one side of a relationship

and a one and only one on the other

a zero through many notation on one side of a relationship
other

and a one and only one on the

a one through many notation on one side of a relationship

and a zero or one notation on the other

a zero through many notation on one side of a relationship

and a zero or one notation on the other

(0:1)

(1:1)

(0:N)

(1:N)

(0:M)

(1:M)

a zero through many on both sides of a relationship

a one through many on both sides of a relationship

a zero through many on one side and a one through many

on the other

a one and only one notation on one side of a relationship

and a zero or one on the other

a one and only one notation on both sides
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Relationships with specified cardinalities

UML notation

Zero or one

One and only
one

’

Zero or more 0.*

One or more

The range is
specified

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Crow's Foot

f multiplicity of one

f multiplicity of many

=
>
>0

k optional
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Crow's foot notation and alternatives

STUDENT

SEAT

1:M
INSTRUCTOR

teaches

COURSE

STUDENT

COURSE

1:M
PROFESSOR

teaches

SECTION

Source: http://en.wikipedia.org/wiki/Entity-relationship model
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Chen
Person Birthplace Location
IDEF1X Person Location
I U <
Bachman
Born in
Person O Location
Birthplace of
Martin / IE /
Crow's Foot .
Born in
Person : #H Location
Birthplace of
Min-Max / ISO
(1,1) Born in
Person = Location
Birthplace of (0,N)
UML <<Relationship>>

<<Entity>>
Person

Born in >
0..N < Birthplace of

1

<<Entity>>
Location
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IMDB movie database in Lucidchart

ER diagram: don't forget identifiers, but no FKs

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

ACTOR SO plays in O< MOVIE S(O——directed by——————— (g DIRECTOR
id : id id
fname name fname
Iname year Iname
gender role
ER diagram: CAST as associative entity can he justified
ACTOR -H—O< <CAST=> S>SO—H MOVIE >O—directed R DIRECTOR
id aid id id
fname mid name fname
Iname ole year Iname
gender
Relational schema: don't forget PKs and FKs
ACTOR CAST MOVIE MOVIE_DIRECTOR DIRECTOR
PK |id PK, FK |aid PK |id PK, FK |did L »PK |
fname PK, FK |mid / name \ PK,FK [mid fname
Iname PK role year Iname
gender
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Entities and Entity Sets

« Entities & entity sets are the primitive unit of the E/R model

: the individual objects, which are members of entity sets

Ex: A specific person or product

Gizwmo, Powergizino
: the classes or types of objects in our model
e Ex: Person, Product
* These are what is shown in E/R diagrams - as rectangles
* Entity sets represent the sets of all possible entities /]
\/
Product

Person
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Entities and Entity Sets

e An entity set has attributes

— Represented by ovals attached to an entity set

Shapes are important.
Colors are vot.

— Product

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 62
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Entities vs. Entity Sets

"Entities” (instances of entity sets) are
ot explicitly represented in ER diagrams

« Example:

Name: Xbox

Category: Total Name: My Little Pony Doll
Multimedia System Category: Toy

Attribute Product

Price: $250 Price: $25

Product \

Entity Set

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Keys

« A Kkey isa minimal set of attributes that uniquely identifies an entity.

elments of PK (Primary Key)
are underlined Here, tname, category} is not a key

(it is wot minimal).
— Product

The ER model forces us to designate a single primary key, though there
may be multiple candidate keys

~
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|dentifiers (Keys)

: An attribute (or combination of attributes) that
uniquely identifies individual instances of an entity type

— Can be simple or composite
— Will not be null
— Will not change in value

* e.g., family name, or telephone number, or street address are not suited if those can
change over time (say through marriage...)

— Substitute new, simple keys for long, composite keys ("surrogate key")

. an attribute (or set of) that could be a key...satisfies
the requirements for being a key

: a chosen key
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Naming Entities

Poor Examples

For

Good Examples

rStudentFranilowa Student

Customers Customer

ClientsW
ObscuwreRecmd

meToBigEvent Employee
FrtherAction Invoice

Purchase Order
Flight

« Guidelines for naming entity types:

Use singular nouns

Names should be specific to the organization

Be concise and consistent

Abbreviations are ok, as long as they are standardized

Event entity types should be named for the result of the event (e.g.,
"Purchased", "Registered")

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Exercise (Part I): Entities / Attributes

« Assume we want to model "a situation" at Millennium College

 |dentify the entities that appear on the report card
 |dentify the attributes of each previously identified entity

MILLENNIUM COLLEGE
GRADE REPORT
FALL SEMESTER 200X
NAME: Emily Williams ID: 268300458
CAMPUS ADDRESS: 208 Brooks Hall
MAJOR: Information Systems
COURSE TITLE INSTRUCTOR INSTRUCTOR GRADE
ID NAME LOCATION
IS 350 Database Mgt. Codd B104 A
IS 465 System Analysis Parsons B317 B

Source: Hoffer, Ramesh, Topi, "Modern database management," 10%" ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

67


https://northeastern-datalab.github.io/cs3200/

Exercise (Part I): Entities / Attributes

« Assume we want to model "a situation" at Millennium College
 |dentify the entities that appear on the report card
 |dentify the attributes of each previously identified entity

MILLENNIUM COLLEGE
GRADE REPORT
ALL SEMESTER 200X

Emily Williams
208 Brooks Hall

068300458 / \J TR CT O;\

Information Systems —_
MR GRADE
LOCATIO
NN — N~ ——
IS 350 Database Mgt. Codd B104 A
IS 465 System Analysis Parsons B317 B

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 68



https://northeastern-datalab.github.io/cs3200/

Attributes

« A property or characteristic of an entity type

« Classifications of attributes:
— |dentifier Attributes
— Required versus Optional
— Stored versus Derived

— Single-Valued versus
Multivalued Attribute —

T

ENTITY NAME

Identifier

Partial identifier

— Simple versus Composite —

Optional
[Derived]
{Multivalued}
Composite( , ,)

Source: Hoffer, Ramesh, Topi, "Modern database management," 10%" ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Example: Describe the Attributes

EMPLOYEE
Employee ID

Employee Name(...)
Payroll _Address(...) ?
Date_Employed
{SKkill}

[Years Employed]

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
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Example: Describe the Attributes

EMPLOYEE

Employee ID - Primary Key (PK)
Employee Name(...)

Payroll _Address(...)

Date_Employed Multivalued
{Skill} + Attribute (e.g.,
[Years_Employed] saL, Python, ...)
_
Derived
Attribute

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 71



https://northeastern-datalab.github.io/cs3200/

Naming Attributes

Poor Examples Good Examples

TheBayThatThisPersonEnrolled Date
Birth_Date
ecificClass NumberEnrolled
Student StudentName
rentLastName CourselD
Employee_ID

« Guidelines for naming attributes:
— Be concise

— Use singular nouns or noun phrases

— Names should be unique (at least within an entity type)
— Follow a standard format (e.g., either Camelcase or " ")

— Similar attributes should use the same qualifiers and classes: consistency! (e.g., CustomerlID, ProductID)
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Example: modeling flights

e Assume you want to model "flights"
o Attributes: FlightNumber, Date, NumberOfPassengers

« What would be the key / identifier?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Example: modeling flights

« Assume you want to model "flights"
o Attributes: FlightNumber, Date, NumberOfPassengers

« What would be the key / identifier?

US Airways Flight 1549

FLIGHT

Flight _ID
(Flight_Number, Date)

Number_ of Passengers

The downed US Airways Flight 1549 floating on
the Hudson River

Accident summary

\ Date January 15, 2009

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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ldentifier Examples: Simple and Composite

« Simple identifiers:

— Single attribute uniquely
identifies each entity instance

— ldentifier attribute underlined

« Composite identifiers:

— Multiple attributes required to
uniquely identifies each entity
instance

— |dentifier attribute underlined
and composite attributes listed
below in (parentheses)

Source: Hoffer, Ramesh, Topi, "Modern database management," 10%" ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

STUDENT
Student ID

Student_Name(...)

FLIGHT
Flight ID

(Flight_Number, Date)

Number_ of Passengers
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