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Class warm-up

e Last class summary

« Please have paper and pen ready (or touchscreen, whatever works)

— Please ask questions: many aspects of "database design" are not set in
stone and in the "eye of the designer"

e Open Exam1 discussion:

— | show you the preliminary distribution (remember 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)

— Please use our various options for feedback

« We continue with Database Design, hands-on
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Grading Philosophy
Actual point distribution from a

oast final exam: long, but fair! * no fixed percentages (e.g., top 30% get A)

* no fixed cut-offs (e.g., 80/100 points for A)

100%
cut-off points at the end of the

semester depend on overall class
interactivity as compared to other years

Total Points

Contrast external grades vs. internal
scores: Grade distributions are
C similar to other sections, but scores

0% : distributions are not
Student Population

| will not disclose the actual cut-off points. Don't ask for an exception.
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Example: modeling time-dependent data

e Assume you have an entity "product”
« The price can change over time; you like to preserve the history of
prices and the time period

e How to model that?

?

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

e Assume you have an entity "product”

« The price can change over time; you like to preserve the history of
prices and the time period

e How to model that?
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Example: modeling time-dependent data

e Assume you have an entity "product”

« The price can change over time; you like to preserve the history of
prices and the time period

e How to model that?
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Example: modeling time-dependent data

e Assume you have an entity "product”

« The price can change over time; you like to preserve the history of
prices and the time period

e How to model that?
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Example: modeling time-dependent data

e Assume you have an entity "product”

« The price can change over time; you like to preserve the history of
prices and the time period

« How to model that? Usually also includes an extra

attribute "current price"

/

Time-stamping is
PRODUCT .
Product ID commonly done with
{Price History a multi-valued and
(Effective Date, Price)} . .
Y composite attribute

| Time Stamp ' (or associative

entities: see later)

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
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Relationships
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The R in ER: Relationships

e A relationship is between two or more entities

How +o show that every product is wmade by exactly one company? f?
first in SDK arrow wotation, thew in Crow's foot notation .

1 Product Company

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 90
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The R in ER: Relationships

e A relationship is between two or more entities

— Product Company

SPK arrow wotation
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The R in ER: Relationships

e A relationship is between two or more entities

1 Product Company

Crow's feet
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What is a Relationship?

« A mathematical definition:

— Let A, B be sets
° A={1I213}I B={alblcld}

What is the cross-product ?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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What is a Relationship?

« A mathematical definition:

— Let A, B be sets
° A={1I213}I B={alblcld}

— A x B (the cross-product) is the set of all pairs (a,b)
« AxB={(1,a), (1,b), (1,c), (1,d), (2,a), (2,b), (2,c), (2,d), (3,a), (3,b), (3,c), (3,d)}

What is a relationship ?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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What is a Relationship? 7 L {(B) =xtsy

/9’ | function vs "relation”
» A mathematical definition: —— i,
NG B=
A= /1 a
— Let A, B be sets 2\\, ,/b
+ A={1,2,3}, B={a,b,c,d} A PN o

— A x B (the cross-product) is the set of all pairs (a,b)
« AxB={(1,a), (1,b), (1,c), (1,d), (2,a), (2,b), (2,c), (2,d), (3,a), (3,b), (3,c), (3,d)}

— We define a to be a subset of A X B "Wuakes" is a relationship: it is a
.« R={(1,a), (2,¢), (2,d), (3,b)} subset of +he Product x company

Company Product

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

Definition: Let A and B be sets. A binary relation from A to B
is a subset of AxB.

Example: R={(1, 2), (1, 3), (1, 4), (2, 3), (2,4), (3,4)}
(R={(a, b) | a< b} with a, b from A=B={1, 2, 3, 4})

A B /V
Cp. to Def. of ;
1 °1 4 & X X Fgr nonempty sets A
and B, a function f from
3 @ X Ato B, denoted F-A—>B,
2 ° 2 is a relation from A to B
2 ® in which every element

of A appears exactly

3 3 B| 1 once as the first
component of an
R|1]|2 |3 |4 ordered pair in the
4 e 4 — relation.
A D

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Another illustration of a Relationship:

Company Product

name name category price

GizmoWorks Gizmo Electronics | $9.99 y f?

GadgetCorp GizmolLite | Electronics | $7.50 CI"OSS—PY‘O uet -
Gadget Toys $5.50

* o=

Company Product —.

A relationship between entity sets Pand Cis a
subset of all possible pairs of entities in P and C,
with tuples uniquely identified by P and C’s keys

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 100
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What is a Relationship?

Company Product

name name category price

GizmoWorks Gizmo Electronics | $9.99

GadgetCorp GizmolLite | Electronics | $7.50
Gadget Toys $5.50

e @
Company Product

A relationship between entity sets Pand Cis a
subset of all possible pairs of entities in P and C,
with tuples uniquely identified by P and C’s keys

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

Company C x Product P

C.name P.name P.category P.price
GizmoWorks | Gizmo Electronics | $9.99
GizmoWorks | GizmolLite | Electronics | $7.50
GizmoWorks | Gadget Toys $5.50
GadgetCorp | Gizmo Electronics $9.99
GadgetCorp | Gizmolite | Electronics $7.50
GadgetCorp | Gadget Toys $5.50
Relationship ?
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What is a Relationship?

Company Product

name name category price

GizmoWorks Gizmo Electronics | $9.99

GadgetCorp GizmolLite | Electronics | $7.50
Gadget Toys $5.50

® e
Company Product

A relationship between entity sets Pand Cis a
subset of all possible pairs of entities in P and C,
with tuples uniquely identified by P and C’s keys
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Company C x Product P

C.name P.name P.category P.price
GizmoWorks | Gizmo Electronics $9.99
GizmoWorks | GizmolLite | Electronics $7.50
GizmoWorks | Gadget Toys $5.50
GadgetCorp | Gizmo Electronics $9.99
GadgetCorp | GizmolLite | Electronics $7.50
GadgetCorp | Gadget Toys $5.50

Makes

C.name P.name

GizmoWorks | Gizmo

GizmoWorks | GizmolLite

GizmoWorks | Gadget
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What is a Relationship?

« In general, there can only be one relationship (instance) for every

unigue combination of entities

— this follows from the definition of a relationship: it is a set!

« This also means that the relationship is uniquely

determined by the keys of its entities

— Example: the “key” for Makes (to right) is
{Product.name, Company.name}

e Exception: ?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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What is a Relationship?

« In general, there can only be one relationship (instance) for every

unigue combination of entities

— this follows from the definition of a relationship: it is a set!

« This also means that the relationship is uniquely

determined by the keys of its entities

— Example: the “key” for Makes (to right) is
{Product.name, Company.name}

« Exception: certain attributed relationships

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Product
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\
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What is a Relationship?

« In general, there can only be one relationship (instance) for every

unigue combination of entities

— this follows from the definition of a relationship: it is a set!

« This also means that the relationship is uniquely

determined by the keys of its entities

— Example: the “key” for Makes (to right) is
{Product.name, Company.name}

e Exception: multi-valued attributes
on relationships

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

/

KeYMakes = KeyProduct U KeyCompany

g

Product

g

Actor

ke

Coe D
<Pley >

Company

-0

Movie
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Decision: Relationship vs. Entity?

e Q: What does this say?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 107
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Decision: Relationship vs. Entity?

e Q: What does this say?

— Product

e A: A person can only buy a specific product once (on one date)

Modeling something as a relationship makes it unique; what if

not appropriate?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Decision: Relationship vs. Entity?
Can we Improve f?

« What about this way? this further

Purchase

* ProductOf BuyerOf
Product

« Now we can have multiple purchases per product, person pair!

We can always use a hew entity instead of a relationship. For example, to
permit multiple instances of each entity combination!

Person

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 109
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Decision: Relationship vs. Entity?
Can we Improve f?

« What about this way? this further

Purchase

* ProductOf BuyerOf
Product

« Now we can have multiple purchases per product, person pair!

We can always use a hew entity instead of a relationship. For example, to
permit multiple instances of each entity combination!

Person
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Decision: Relationship vs. Entity?

« What about this way?

Purchase

t ProductOf BuyerOf
Product

« Now we can have multiple purchases per product, person pair!

We can always use a hew entity instead of a relationship. For example, to
permit multiple instances of each entity combination!

Person
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4 N - N a N
Customers Orders Orderltems
¥ cust_id : ¥ order_num bmend [ ¥ order_num
cust_name ‘-\. order_date ¥ order_item
cust_address — cust_id P prod_id
cust_city quantity
cust_state item_price
cust_zip
cust_country
cust_contact
cust_email
- N f i
Vendors Products 1]
¥ vend_id ] ¥ oo This is
vend_id
::::-:::":” Sk relatioval
vend._city prod_price schema, vot
vend_state Prod, Sasc an ERDI
vend_zip )
vend_country

Source: SAMS Teach yourself SQL in 10min. Forta. 5th ed. 2019. Figure A.1. Sample tables relationship diagram
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319 Chinook database

E: Track I. MediaType

?  Artistid ¢ AlbumId «g=col ¥ Trackid co=1 ¥ MediaTypeld
Name Title Name Name
Artistid AlbumId
MediaTypeld g Cenre
Genreld e
Composer ¢ Genreld
7 Playiistid ? Playlistid Miliseconds tlame
Name ¢ Trackld o= Bytes
UnitPrice
!
Bp——— Notice that join conditions are not showw
I Employee Invoiceld correctly here. You may have +o look at
? Employeeld = Trackld the actual schema defivition in SQL ©
Lasthame E: Customer UnitPrice
FirstName ¢ Customerid Quantity
Title FirstName §
ReportsTo 00 LastName "
BirthDate Company E Invoice
HireDate Address # Invoiceld Tl/]is is a
Address City sg=co]  Customerld .
City State InvoiceDate }"Gl a"' lomal
State Country BilingAddress
Country PostalCode BillingCity
PostalCode Phane BilingState SOM@W\Q, VIO"'
Phone “P=00 Fax BilingCountry aV] ER_DI
Fax Email BilingPostalCode ’
Email SupportRepld Total

Source: https://chinookdatabase.codeplex.com/
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From ERD to tables (Crow-foot notation)

Makes

Customer -H—O< Order

Customer|D OrderNumber
FirstName OrderDate

LastName
City

State

Zip

What do we do?

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

Contains

Quantity

OK

Product

ProductID

ProductName

Price
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Relational schema

< Original 1:n relationship >

Order-Product

CustomerID OrderNumber OrderNumber ProductID
FirstName OrderDate ProductID ProductName
LastName CustomerlD Quantity Price

City sometimes called

State associative or juiction table

Zip < Original n:n relationship >

e Order-Product is a decomposed many-to-many relationship

— Order-Product has a 1:n relationship with Order and Product

— Now an order can have multiple products, and a product can be associated
with multiple orders

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 115
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| Attributes that are part of some Foreigu key are sometimes Hle
Re | ationa | >C h €m ahi@hli@l/l-l'@dl by an at sign (@), e.9. @OrderNumber S %

< Original 1:n relationship >

Order-Product

CustomerlD OrderNumber |« @OrderNumber / ProductID
FirstName OrderDate @ProductID ProductName
LastName @CustomerlD Quantity Price

City sometimes called

State associative or juiction table

Zip < Original n:n relationship >

e Order-Product is a decomposed many-to-many relationship

— Order-Product has a 1:n relationship with Order and Product

— Now an order can have multiple products, and a product can be associated
with multiple orders

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 116
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Question ID 501: Stanford not

not possible
w/ Stanford

S \ notation

&>
N

Referential integrity:
mandtory participation, one
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Question ID 501: SDK Silberschatz+ notation

R O
N g

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 118



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

Question ID 501: Crow foot notation

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 119
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Back to ERDs:

Relationships
(a variety of notations)

https://northeastern-datalab.github.io/cs3200/
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Constraints in ER Diagrams

« Finding constraints is part of the modeling process.

« Commonly used constraints:
— Keys: Implicit constraints on uniqueness of entities

* Ex: An SSN uniquely identifies a person
(single-value / uniqueness constraint, value)

* Ex: a product can have only one company producing it

(Referential integrity constraints): Referenced
entities must exist in the database ( value: mandatory or optional)

* Ex:if you work for a company, it must exist in the database
— Other constraints:

* Ex: peoples’ ages are between 0 and 150

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 121
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Overview: 3 important concepts for relationships

"arity", number of entity instances
that participate (“mainly max) —
. . —= >—>| C (
(also uniqueness constraints) &——PKL ]

)
« Participation constraints (min): E>‘ Hg

mandatory or optional (equivalent to WMjJr is here votation for f?
.. NUNT cardivali ticipation?

minimum cardinality O or 1), also ardinality [ participation

referential integrity

——

« Degree: number of entity {
types that participate

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 122
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Overview: 3 important concepts for relationships

"arity", number of entity instances

that participate ("mainly max) . ] C (
(also uniqueness constraints) j C

o Participation constraints (min): E>‘ 4‘}3

mandatory or optional (equivalent to
minimum cardinality O or 1), also
referential integrity

« Degree: number of entity {
types that participate

Random question: Why "relational model"?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 123
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1. Cardinality (multiplicity) of relationships

Defines the number of entity instances that participate in it. Also called type of relationship

(or "connectivity" at times). ]> I Seenn
e One-to-One Tover 4 fZ Cany
— Each entity in the relationship will have exactly one related entity
_~
C k>l [c[—<r|
e One-to-Many Com Pa 1~ PropuCT

— An entity on one side of the relationship can have many related entities, but an entity on the other side
will have a maximum of one related en’rl’rv

c—<F ée\yw@_‘ﬂm

Many-to-Many
[

— Entities on both sides of the v,
relationship can have many > < N ’ W

related entities on the other side

This notation is also called "crow's foot notation"

124
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1. Cardinality (multiplicity) of E/R relationships

Crow's Foot Arrow notation

| | 4,04 < >
>——<

X ->Y means there exists a function mapping from Xto Y
(recall the definition of a function)

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

One-to-one:

D

One-to-many:

KX
XX

]

Many-to-many:

TS
XY
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2. Participation constraints

« The number of instances of one entity that can or must be associated
with each instance of another entity

* Minimum: if zero, then optional,
if one or more, then mandatory (or "total")

* Maximum ,
Whether a relation

is mandatory or

— Mandatory one optional is also
sometimes called
- Mandatory many "participation

constraints"”

— Optional one

— Optional many

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Relationships with specified cardinalities and participation

UML notation Crow's Foot A \y

f multiplicity of one

Zero or one

One and only
one

multiplicity of many

Zero or more

>
>

One or more

k mandatory
The range is >Q
specified

ot

k optional

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 128
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Example: Binary Relationships

EMPLOYEE

PRODUCT
LINE

STUDENT

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

PARKING
SPACE

PRODUCT

COURSE

Cardinalities ?
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Example: Binary Relationships

Is_assigned PARKING

EMPLOYEE

SPACE
One-to-one

PRSRILEJCT Contains < PRODUGT
One-to-many

STUDENT [oo0ters-tod o rsE

Many-to-many

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 130
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wWhat does
this say ? @ @

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 133
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&
What does \5
this say e @

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 134
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1./2. Cardinality + participation constraints

e Defines the rules of the association between entities

Customer

\

at least one

at most one

This is a one-to-many relationship: One customer can have

many orders.

The symbols closest to the Order entity represents "one, or
many", whereas an order has "one and only one" Customer.

Source: MIS5101, Data Management and Warehousing, Temple.

/

at least one
at most many

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

Order
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Ex: cardinality + participation constraints (1/2)

Cardinalities + Participation

Please interpret the constraints
in the following ER diagram:

/] PATIENT
HISTORY

PATIENT

/

Source: Hoffer, Ramesh, Topi, "Modern database management," 10" ed, 2010. Fig. 2.17
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 137
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Ex:ceatidafitd it partpinetiiompatiomagontdints (1/2)

Cardinalities + Participation

1] Pl
I ]

Please interpret the constraints

Mandatory One Optional One
in the following ER diagram: L=
Mandatory Many Optional Many
Alice Visit 1
I L/l PATIENT Visit 2
HISTORY Bob
T Visit 3
Charlie—— Visit 4
A patient history is A patient must have recor-
recorded for one ded at least one history,
and only one patient and can have many

Source: Hoffer, Ramesh, Topi, "Modern database management," 10" ed, 2010. Fig. 2.17
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https://northeastern-datalab.github.io/cs3200/

Ex: cardinality + participation constraints (2/2)

Cardinalities + Participation

1] Pl
I ]

Please interpret the constraints Mandatory One Optional One
in the following ER diagram: -

I T

Mandatory Many Optional Many

EMPLOYEE [} O4 PROJECT

Source: Hoffer, Ramesh, Topi, "Modern database management," 10" ed, 2010. Fig. 2.17
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Ex: cardinality + participation constraints (2/2)

Cardinalities + Participation

1] Pl
I ]

Please interpret the constraints

Mandatory One Optional One
in the following ER diagram: L=
Mandatory Many Optional Many
Alice Project 1
EMPLOYEE [ O4] PROJECT Boh project 2
Charlie—— Project 3
Dorothy Project 4
A project must be assigned to An employee can be assigned to

at least one employee, and

any number of projects, or may
may be assigned to many

not be assigned to any at all

Source: Hoffer, Ramesh, Topi, "Modern database management," 10" ed, 2010. Fig. 2.17
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partial participation total participation

What does this say ?

Source: http://www.vertabelo.com/blog/technical-articles/chen-erd-notation
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https://northeastern-datalab.github.io/cs3200/
http://www.vertabelo.com/blog/technical-articles/chen-erd-notation

total or (mandatory
participation) means that
every entity in the set is
mvolved in the relationships

partial participation total participation

Each student must be guided by one professor.
A professor can (but does not have to) guide one or more students.

Transform those into crow's foot! ?

Source: http://www.vertabelo.com/blog/technical-articles/chen-erd-notation
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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total or (mandatory
participation) means that
every entity in the set is
mvolved in the relationships

partial participation total participation

T

Each student must be guided/y one professor.
A professor can (but doesfiot have to) guide one or more students.

Source: http://www.vertabelo.com/blog/technical-articles/chen-erd-notation
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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[Stanford book'08] & Gradiance notation

Product Company

?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 144
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[Stanford book'08] & Gradiance notation

Travnsform into "crow foot notation” f?
Product Company and SDK [Silberschatz'20] if different

Each product made by at most one company.
Some products made by no company
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[Stanford book'08] & Gradiance notation

Transform wto "crow foot notation”
Product Company and SDK [Silverschatz'20] if different

identical ©

Each product made by at most one company. | \
Some products made by no company Crow's foot: O O

?

Each product made by exactly one company.
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[Stanford book'08] & Gradiance notation

Product @ Company

Each product made by at most one company.
Some products made by no company

= >

Each product made by exactly one company.

So—i

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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[Stanford book'08] & Gradiance notation

Product Company

Each product made by at most one company.

Some products made by no company

= >

Product —  Company

Each product made by exactly one company.

So—i

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

@radiance | Stanford arrows:
total participation (wmin 1) cav only be showw
when also unigueness constraint (max 1) holds!
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Participation constraints in Stanford arrow notation

Movie @ @ President

1. What does this say? P,
2. Write in SPK and -
Crow's foot notation?

4D

Studio

\|/

Example taken from: Database Systems -- the complete book, Garcia-Molina, Ullman, Widom, 2" international ed, 2014. Section 4, Figure 18
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Participation constraints in Stanford arrow notation

Movie ) Studio C President
A movie is owned by exactly one studio. A studio can have at most one president.
A studio can have an unconstrained Each president must run exactly one studio
number of movies (that exists in the studio entity set)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 150
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Participation constraints in Stanford arrow notation

h == S o

Studio

/

N

Movie @ >

A movie is owned by exactly one studio.
A studio can have an unconstrained
number of movies

S ey

\———L‘

I |

<>

President

A studio can have at most one president.
Each president must run exactly one studio
(that exists in the studio entity set)

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

A\

~)

T

Rl

151


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

3. Degree of Relationship

« Defines the number of entity types that participate in it

Unary Relationship
— One entity type related to itself

Binary Relationship
— Two entity types related to each other

Ternary Relationship

— Three entity types related to each other <2

e Itis possible, but unusual, to have
relationship types of larger than 3 entities

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 152
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Various notations:
the big overview
Part I. binary relationships
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Different sources, different notations

ssssssssssssss

M ODER \ HERELES . YR DATTAHBEA‘;EA;Y:‘::EMS _ Database System Concepts
DATABASE o " B?K = 2
MANAGEMENT 5 ¥ (e O y

< Ba@EE™
% ofion iL o § J=]

I~ _— = S.Sudarshan -~
M-Sl W . M =
HECTOR GARCIA-MOLINA ol
JEFFREY D. ULLMAN :
JENNIFER WIDOM Hasmdiiia i =

3 - D {
7 T = 7 %
Tenth Edition i . A
: @, |
: - 7 TRy &
Jeffrey A. Hoffer + V. Ramesh + Heikki Topi - /J —" g
o -~ P P
[ S v S
e i d
o . < A
s o 2, w4
W \
’. . - &8

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
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Various Notations for binary one-to-many relationships

Every student is advised by 0-1 instructor. Every product is manufactured by exactly 1 company.
An instructor may advise O, 1 or more students. A company may manufacture 0, 1 or more products

?

SDK [Silberschatz+'20]

[Stanford book'03]

also used by Gradiance

Crow's foot

[Hoffer+'10]

UML ?
[Connolly+'15] [

[Elmasri+'15]

(min-max)
[EImasri+'15]

?
[Cow book'03] ?
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Various Notations for binary one-to-many relationships

Every student is advised by 0-1 instructor. Every product is manufactured by exactly 1 company.
An instructor may advise O, 1 or more students. A company may manufacture 0, 1 or more products

SDK [Silberschatz+'20] | Instructor Student

Cardinality constraint: A student is
advised I wax. 4 instructor (injective)

[Stanford b°9k'03] Instructor Student
also used by Gradiance

Crow's foot

[Hoffer+'10]

UML P,
[Connolly+'15] [

[Elmasri+'15]

(min-max)

[EImasri+'15] [
?

[Cow book'03]
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Various Notations for binary one-to-many relationships

Every student is advised by 0-1 instructor. Every product is manufactured by exactly 1 company.
An instructor may advise O, 1 or more students. A company may manufacture 0, 1 or more products

SDK [Silberschatz+'20] | Instructor Student

Cardivnality constraint: A student is

advised I wax. 4 instructor (injective)
[Stanford book'03]

_ Instructor Student
also used by Gradiance

advises
Crow's foot Instructor Student
[Hoffer+10] ook across ) Students are advised by win Tustructors advise an
notation 0 and wax 1 instructors wirestricted vamber of students
advises »
UML Instructor s\l 0/* Student
[Connolly+'15] L . .
also (0A) also (O,N)

look across for
[Elmasri+'15] Znait, |Instructor — @ | Student

participation
(min-max)
[EImasri+'15]

[Cow book'03]

?
?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 157



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

Various Notations for binary one-to-many relationships

Every student is advised by 0-1 instructor. Every product is manufactured by exactly 1 company.

An instructor may advise 0, 1 or more students. A company may manufacture O, 1 or more products
SDK [Silberschatz+'20] |Instructor Student

Cardinality constraint: A student is

advised I wax. 4 instructor (injective)

| \
[Stanford bO_Ok 03] Instructor Student
also used by Gradiance
[ advises
Crow's foot Instructor{? Student
[Hoffer+10] ook across ) Students are advised by win Tustructors advise an
notation 0 and wax 1 instructors wirestricted vamber of students
advises »
UML Instructor 0/* Student
[Connolly+'15] L N "
also (0A) also (O,N)
look across for
[Elmasri+'15] Znait, |Instructor — @ 1 Student
participation

Avoid (min-max) Ul y
(Min-max) oo Instructor o~ o 7| Student
[EImasri+ 3 N

I
15]s+rowa)l\4 discouraged sivce it is the exact opposite of +he WP?cowwnovnlq used crow's foot look across wotation

[Cow book'03]
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Various Notations for binary one-to-many relationships

Every product is manufactured by exactly 1 company.
A company may manufacture 0, 1 or more products

SDK [Silberschatz+'2

[Stanford book'03]

also used by Gradiance

O]

Crow's foot
[Hoffer+'10]
look across
notation
UML
[Connolly+'15]
look across

“

for

s cardinality,
[E I masri+ 15] sawme-side for

participati
Avoid (min-max) Ul )
sawme-side

(min'maX) notation
[EImasri+

[Cow book'03]

on

Every student is advised by 0-1 instructor.

An instructor may advise 0, 1 or more students.

Instructor

é

Student

Cardivality constrai

nt: A student is

advised I wax. 4 instructor (injective)

Instructor

é

Student

Instructor

advises

Student

Students are advised by win
0 avd max 1 instructors

e

Twustructors advise an
wmwirestricted vumber of students

advises » /
Instructor g3 ol Student
also (0A) also (O,N)
Instructor — @ 1 Student

I
15 ]s-l—rovno)lw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation

Instructor

é

Student

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Various Notations for binary one-to-many relationships

SDK [Silberschatz+'2

[Stanford book'03]

also used by Gradiance

O]

“

for

on

Crow's foot
[Hoffer+'10]
look across
notation
UML
[Connolly+'15]
look across
s cardinality,
[E I masri+ 15] sawme-side for
participati
Avoid (min-max) Ul
. same-side
(mln'maX) notation
[EImasri+

[Cow book'03]

Every student is advised by 0-1 instructor.
An instructor may advise 0, 1 or more students.

Instructor

é

Student

Cardivality constrai

nt: A student is

advised I wax. 4 instructor (injective)

Instructor

é

Student

Instructor

advises

Student

Students are advised by win
0 avd max 1 instructors

e

Twustructors advise an
wmwirestricted vumber of students

advises » /
Instructor g3 ol Student
also (0A) also (O,N)
Instructor — @ 1 Student

I
15 ]s-l—rovno)lw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation

Instructor

é

Student

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

Company

Company

Every product is manufactured by exactly 1 company.
A company may manufacture 0, 1 or more products

Product

Total participation: every product
needs to be mannfactured

Product

Every product veeds to be product is mannfactured b exactly 4 company.
(referential inteqrity constraint).

?

?
?
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Various Notations for binary one-to-many relationships

SDK [Silberschatz+'20]

[Stanford book'03]

also used by Gradiance

Crow's foot
[Hoffer+'10]
look across
notation
UML
[Connolly+'15] L
look across for
s cardinality,
[E I masri+ 15] same-side for
participation
Avoid (min-max) Ul
. same-side
(mln'maX) notation
[EImasri+

[Cow book'03]

Every student is advised by 0-1 instructor.

An instructor may advise 0, 1 or more students.

Instructor

é

Student

Cardivality constrai

nt: A student is

advised I wax. 4 instructor (injective)

Instructor

é

Student

Instructor

advises

Student

Students are advised by win
0 avd max 1 instructors

e

Twustructors advise an
wmwirestricted vumber of students

advises » /
Instructor g3 ol Student
also (0A) also (O,N)
Instructor — @ 1 Student

I
15 ]s-l—rovnglw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation

Instructor

é

Student

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

Every product is manufactured by exactly 1 company.
A company may manufacture 0, 1 or more products

Company Product
Total participation: every product
needs +o be mannfactured

Company Product

Every product veeds to be product is manufactured by exactly 4 company.
(referential inteqrity constraint).
manufactures
Company I} O< Product
Products are mapped o
wiv 1 and wax 4 companies
manufactures »

Company 73 o+ | Product

also (1,) alse: sometimes participation vot shown

Company @ —1 Product

|
|
161
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Various Notations for binary one-to-many relationships

Every student is advised by 0-1 instructor. Every product is manufactured by exactly 1 company.
An instructor may advise O, 1 or more students. A company may manufacture 0, 1 or more products
SDK [Silberschatz+'20] |Instructor Student Company Product
Cardinality constraint: A studewnt is Total participation: every product
advised I wax. 4 instructor (injective) needs +o be mannfactured
- \
[Stanford bO_Ok 03] Instructor Student Company Product
also used by Gradiance \

Every product veeds to be product is mannfactured b exactly 4 company.
(referential inteqrity constraint).

[ advises manufactures
Crow's foot Instructor{? Student Company I} O< Product
[Hoffer+'10] ook across ) Students are advised by win TIustructors advise an Products are mapped to
notation 0 and wax 1 instructors mwirestricted vamber of students Win 1 and wax 1 companies
advises » manufactures »
UML Instructor g3 0/* Student Company }\1 o+ | Product
[Connolly+'15] L N " " A e
also (01) also (O,N) alse (121) alse: sometimes participation vot shown

look across for
[Elmasri+'15] &40, |Instructor — @ 1 Student Company [ @ — Product

participation
Avoid (min-max) Ul y

. same-side
(min-max)  oiation Company [ | Product
[Elmasri+'15 ]s-l—rovnglw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation
'

[Cow book'03] Instructor Student _:

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 162



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

Various Notations for binary one-to-many relationships

SDK [Silberschatz+'2

[Stanford book'03]

also used by Gradiance

O]

“

for

on

Crow's foot
[Hoffer+'10]
look across
notation
UML
[Connolly+'15]
look across
s cardinality,
[E I masri+ 15] sawme-side for
participati
Avoid (min-max) Ul
. same-side
(mln'maX) notation
[EImasri+

[Cow book'03]

Every student is advised by 0-1 instructor.

Instructor

Cardivality constrai

An instructor may advise 0, 1 or more students.

é
{

Student

nt: A student is

advised I wax. 4 instructor (injective)

Instructor

Instructor

Students are advised by win
0 avd max 1 instructors

é
|

Student

advises

Student

e

Twustructors advise an
wmwirestricted vumber of students

advises » /
Instructor g3 ol Student
also (0A) also (O,N)
Instructor — @ 1 Student

I
15 ]s-l—rovnglw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation

Instructor

é

Student

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

Company

Every product is manufactured by exactly 1 company.
A company may manufacture 0, 1 or more products

Product

Company

Total participation: every product
needs to be mannfactured

Every product veeds

Product

+o be product is manufactured by exactly 4 company.
(referential inteqrity constraint).

Company

manufactures
Company I} O< Product
Products are mapped o
wiv 1 and wax 4 companies
manufactures »
Company 73 o+ | Product
also (1,) alse: sometimes participation vot shown

Product

Company

4

Product

163
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Various Notations for binary one-to-many relationships

if vou are overwhelmed by the
different votations, just use
the one from our textbook

SDK [Silberschatz+'20]

[Stanford book'03]

also used by Gradiance

Crow's foot Mestoften

, used v practige
+
e 2 look across J

notation
UML
[Connolly+'15] L
look across for
s cardinality,
[E I masri+ 15] same-side for
participation
Avoid (min-max) Ul
. same-side
(mln'maX) notation
[EImasri+

[Cow book'03]

Every student is advised by maximum 1 instructor.
An instructor may advise O, 1 or more students.

Instructor

Cardivnality constraint: A student is

advised I wax. 4 instructor (injective)

Instructor

Instructor

advises

Student

Student

Students are advised by win
0 avd max 1 instructors

Student

Twustructors advise an
wirestricted vumber of students

advises »
Instructor (}\1 ______________________________________ 0/* Student
also (0A) also (O.N)
Instructor —+ — 1 Student

Instructor

I
15 ]s-l—rovw)lw discouraged since it is the exact opposite of +he wmore commonly used crow's foot look across notation

Student

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

Every product is manufactured by exactly 1 company.
A company may manufacture 0, 1 or more products.

Company

Product

|

Company

Total participation: every product
needs to be manufactured

Every product veeds

Product

é

+o be product is manufactured by exactly 4 company.
(referential nteqrity constraint).

manufactures
Company I} O< Product
Products are mapped to
wiv 1 and wax 4 companies
manufactures »
Company 73 o+ | Product
also (1,) alse: sometimes participation vot shown

Company

Product

Company

04

Product
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Associative Entities

(specific to crow's foot
& UML notation)
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Assoclative Entities

« It seems like a relationship: it links entities together

e Yet it seems like an entity: it has attributes

« When should a relationship with attributes instead be an associative entity?

All relationships for the associative entity should be many (cardinalities)

The associative entity could have meaning independent of the other entities

The associative entity preferably has a unique identifier (but not necessarily), and
should also have other attributes

Ternary relationships should be converted to associative entities

(The associative entity may participate in other relationships other than the entities of
the associated relationship)
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Example: Associative Entity

Date Completed
|
EMPLOYEE | COURSE
Employee ID B I A Course ID
Eﬂﬁ"fﬁi Name(....) = Completes {?‘;::i‘}? Title Associative entity can be
represevted as rectangle

with rounded corvers
([Hoffer+10] notation)

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
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Example: Associative Entity

EMPLOYEE
Employee ID

Employee Name(. . .)
Birth Date

EMPLOYEE
Employee ID
Employee_Name(. . .)
Birth_Date

Date Completed

|
|
|
|
|
i

Completes

COURSE

COURSE
Course ID

Where does the "mandatory”
participation coustraint come from?

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

Course_Title
{Topic}

?

Associative ewtity cav be
represevted as rectangle
with rounded corvers
([Hoffer+10] notation)

Notice that the many-to-many
cardivality symbols face toward
the associative entity and vot
toward the other entities

170
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Example: Associative Entity

Date Completed
|
EMPLOYEE | COURSE
Employee ID B I A Course ID
Eri:tikg;: Namef(...) |~ S {CTZUET Title Associative ewtity cav be
P represevted as rectanale
with rounded corvers
([Hoffer+10] notation)
EMPLOYEE ﬁ( CERTIFICATE W B COURSE Notice that the many-to-many
Employee ID ] Certificate_ Number | | Course_ID : :
Employee_Name(...) | ' Date_Completed "' | Course_Title CQI"leﬁhw S%Vﬂbbls fﬁ&@ “‘OWﬁl"d
Birth_Date {Topic} the associative entity and vot
toward the other entities
EMPLOYEE CERTIFICATE COURSE
PK| EmployeelD |[. o |PK| Certificate Number |-~ . . -|PK| Course ID W“OY‘OSO‘H‘ Visio notation.
Employee Name Date Completed Course Tile | Remember: PKs yés,

but vo FKs in ERDs!

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 171
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Play table in our IMDB movie database

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: PLAY as associative entity can be justified
ACTOR H—O4 <PLAY> BSO—H MOVIE B (O——directed by————— O DIRECTOR
id ad id id
fname mid name fname
Iname ole year Iname
gender
Relational schema: don't forget PKs and FKs
ACTOR PLAY MOVIE MOVIE_DIRECTOR DIRECTOR
PK_|id PK,FK |aid PK |id PK,FK |did S =T
fname PK, FK |mid / name \ PK,FK [mid fname
Iname PK role year Iname
gender
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