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Class warm-up

e Last class summary
e Exam discussion next Monday. Please schedule make-up exam ASAP.
e | prepared more in-class examples today.

— Thus we cover less material but practice more.

— Class calendar will be adjusted as we go
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Please do not do that! It is wrong as ERD (also according to our textbook)

SUPERTYPE il

Shared
attributes

(Attributes inherited
by all subtypes)

EMPLOYEE DEPENDENT

PK |EMP_NUM PK,FK1 |[EMP_NUM

» i PK DPNT_NUM
EMP_LNAME L
EMP_FNAME DPNT_FNAM
EMP_INITIAL DPNT_LNAME
EMP_HIRE_DATE DPNT_RELATION
EMP TYPE Inherited
— relationship

Category symbol

Disjoint/Overlapping constraint (d/o) /
Nj) EMP_TYPE <= Subtype discriminator

Partial/Complete constraint —

“P!!

PILOT

PK,FK1 |[EMP_NUM

PIL_LICENSE
PIL_RATINGS
PIL_MED_TYPE

“M" “A!!
MECHANIC ACCOUNTANT
PK,FK1 |EMP NUM PK,FK1 |EMP NUM
Unique
MEC_TITLE ACT_TITLE attributes
MEC_CERT ACT_CPA_DATE (Attributes unique
to subtypes)
SUBTYPES

Cengage Learning © 2015

Source: Coronel, Morris, "Database systems -- design, implementation, and management", 11th ed, 2015. Fig 5-2.
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Do you see
any problem
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Please do not do that! It is wrong as ERD (also according to our textbook)

SUPERTYPE e EMPLOYEE DEPENDENT
PK |EMP_NUM PR ERTramp—gi—
1 has PK ‘_DM \
Shared EMP_LNAME Tt D;‘NT‘;NAM AN
attributes ::::m:mﬁ DPNT_LNAME
(Att)trlt;:t:j ;ﬂwf;zf:?d EMP_HIRE_DATE L DPNT_RELATION )
¥ EMe_TYPS e We do *not* show Fks v
/Catagory symbol ERDs becaunse:
Disjoint/Overlapping constraint (d/o)
NLEMP_TYPE ~@}— Subtype discriminator /L ’{'M@\{ are }’Gﬂl(AVIdﬂlVH',
Partial/Complete constraint =% an d we w ﬁV]"’ +O
- — - avoid redundancy
PILOT MECHANIC ACCOUNTANT 2.t V\Gw are a concept
[PRERCrswpcmm | .M BT —p o from relational
PIL_RATINGS MEC_CERT ACT CPA_DATE | (Attiontamee e tables, vot ERDs
PIL_MED_TYPE to subtypes)
SUBTYPES

Cengage Learning © 2015

Source: Coronel, Morris, "Database systems -- design, implementation, and management", 11th ed, 2015. Fig 5-2.
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Please do not do that! It is wrong as ERD (also according to our textbook)

PERSON
PK [P_ID

P_LNAME
P_FNAME
P_IS_EMP
P_IS_STU

P_IS_EMP SO ) P_IS_STU

4 EMPLOYEE STUDENT
[FRpstem =

EMP_HIRE_DATE

STU_MAJOR
EMP_IS_ADM =
EMP_IS_PROF STU_TYPE
EMP_IS_ADM (o) EMP_IS_PROF (f) STU_TYPE
[ | | ]
ADMINISTRATOR PROFESSOR GRADUATE UNDERGRAD
B =l PKERrCD | |PKEReetD v
ADM_TITLE PROF_RANK GRAD_THESIS UND_HOURS

Cengage Learning © 2015

Source: Coronel, Morris, "Database systems -- design, implementation, and management", 11th ed, 2015. Fig 5-4
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Different sources, different notations

ssssssssssss

Database System Concepts M O D E R N

DATABASE
.. MANAGEMENT

Database Management DATABASE SYSTEMS

THE COMPLETE
BOOK

|8
ik

3
G

Abraham Silberschatz |

\ C \
HECTOR GARCIA-MOLINA

JEFFREY D. ULLMAN
JENNIFER WIDOM

Ramakrishnan + Gehrke

[Silberschatz+'20] [Hoffer+'10] [Cow book'03] [Stanford book'08] [Connolly+'15]

SDK arrows Crow's foot

DATABASE !

SIXTH EDITIO!

EEESE
FEENE
AEEEM
of §. k=1
AELEE

THOMAS CONNOLLY
CAROLYN BEGG

"SDK" [Silberschatz+'20]: Silberschatz, Korth, Sudarshan. Database system concepts, 7" ed, 2020. https://www.db-book.com/db7

[Hoffer+'10]: Hoffer, Ramesh, Topi. Modern Database Management, 10t 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

11/16/2022

[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.htm]

Coronel / Morris

Database
Systems

Design, Implementation,
and Management 11e

[Coronel+'15]

[EImasri+'15]: EImasri, Navathe. Fundamentals of Database Systems, 7t" ed, 2015.

https://www.pearson.com/us/higher-education/program/Elmasri-Fundamentals-of-Database-Systems-7th-Edition/PGM189052.html

[Coronel+'15]: Coronel, Morris. Database systems: design, implementation, and management, 11" ed, 2015.
https://www.cengage.com/c/database-systems-11e-coronel-morris/9781285196145

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Notations for specialization ("ISA relationship")

Participation (or covering) constraint
(optional=partial | mandatory=total)

[Silberschatz+'20]

Please use the notation from our
textbook even though T will use
slides with various notation

[Elmasri+'15],
[Hoffer+'10]

[Coronel+'15]

Overlap (or disjoivt) constraints
UML (or=disjoint | and=overlapping)

[Connolly+'15]

[Stanford book'03]

also by Gradiance

[Cow book'03]

u

Sub1

Sub2

Sup

Partial-overlapping

/f

Super entity (wmore

pB\ geveralized, higher-level)

Sub ewtity (more

Partial-disjoint

Sup

1

Sub1

Sub2

specialized, lower-level)

Sup
o o

Sub1

Sub2

Sub1

Sub2

Sup

_Q

Sub1

Sub2

Sup

é{optional, and}

Sub1

Sub2

Sup

Sub1| [Sub2

Sub1 overlaps Sub2

Sup

JOR

Sub1| [Sub2

Sup

@

Sub1

Sub2

Sup

é{optional, or}

Sub1

Sub2

Sup

Sub1

Sub2
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Total-overlapping

up

S

Sub1

Sub?2

Sup

JoR

Sub1| [Sub2

Sup

D

Sub1

Sub?2

Sup

é{mandatory, and}

Sub1

Sub?2

Sup

Sub1

Sub?2

Sub1 overlaps Sub2

Sub1 and

Sub2 cover Sup

Total-disjoint

11/16/2022

Sub1

Sup

L9,

Sub1

Sub2

Sup

D

Sub1

Sub2

Sup

é{mandatory, or}

Sub1

Sub2

Sup

Sub1

Sub?2

Sub1 and Sub2 cover Sup
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HOW STANDARDS PROUFERATE:

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

17! RiDIcULoLS!

WE NEED To DEVELORP
ONE UNINERSAL STANDARD
THAT COVERS EVERYONES
\USE CASES. YERH!

(65 AC (HARGERS, CHARACTER ENCODINGS, INSTRNT MESSAGING, ETC)

| SOON: |

SITUATION:

THERE ARE
|h COMPETING
STANDPRDS.

Source and further pointers: https://xkcd.com/927/, https://www.explainxkcd.com/wiki/index.php/927: Standards
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Relational Translation
of

Enhanced ER diagrams
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Mapping Supertype/Subtype relationships

e One relation for supertype and for each subtype

« Supertype attributes (including identifier and subtype discriminator
if used) go into supertype relation

e Subtype attributes go into each subtype; primary key of supertype
relation also becomes primary key of subtype relation

e 1:1 relationship established between supertype and each subtype,
with supertype as primary table (FK from subtype to supertype)

« Note: This is not as standard a mapping process as the previous
examples were. The approach described is commonly used though
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Translating Supertype/Subtype relationships

EMPLOYEE
Employee Number 1
Employee Name [ H Offe r+ 10] )
Employee Address

Employee Date Hired [EI maSFI+15]

Employee Type

Employee Type =

HOURLY SALARIED CONSULTANT
EMPLOYEE EMPLOYEE
Hourly Rate Annual Salary Contract Number
Stock Option Billing Rate

How +to +ranslate into relational tables ?

Source: Hoffer, Ramesh, Topi, "Modern database management," 12th ed, 2016. Figures 4-20, 4-21
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Translating Supertype/Subtype relationships

EMPLOYEE
Employee Number 1
Employee Name [ H Offe r+ 10] )
Employee Address

Employee Date Hired [El masr|+15]

Employee Type

How +o we defive the
employeetype a++r|lam+6 -

Employee Type =

/SC

HOURLY SALARIED CONSULTANT
EMPLOYEE EMPLOYEE
Hourly Rate Annual Salary Contract Number
Stock Option Billing Rate
EMPLOYEE
\
EmployeeNumber EmployeeName EmployeeAddress EmployeeDateHired EmployeeType

Figure here copied from [Hoffer+10].
You caw either put attributes

vertically (as T usually draw thewm) or
horizontally (as here and other copied HOURLY EMPLOYEE

figures from [Hoffer+10])

CONSULTANT

CEmployeeNumber ContractNumber BillingRate

HEmployeeNumber HourlyRate

SALARIED_EMPLOYEE

SEmployeeNumber AnnualSalary StockOption

Source: Hoffer, Ramesh, Topi, "Modern database management," 12th ed, 2016. Figures 4-20, 4-21
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Translating Supertype/Subtype relationships

EMPLOYEE create table Employee(
Employee Number I num int PRIMARY KEY,
Employee Name [HOffer+ 10]’ name varchar(20),
Employee Dato tred | [ElMasri+15] datehired date,
Employee Type etype varchar(l) not null,
CHECK (etype 1in ('C', 'H', 'S')));

INSERT INTO Employee VALUES (1, 'Alice', '11-16-2022', 'C');
INSERT INTO Consultant VALUES (1, 234, 50);

Employee Type =

create table Consultant(
cnum int PRIMARY KEY,
contract 1int,
billingrate decimal(5,2),

INSERT INTO Employee VALUES (2, 'Bob', '11-16-2022', 'H');
INSERT INTO Hourly_employee VALUES (2, 30);

EMPLOYEE EMPLOYEE
Hourly Rate Annual Salary Contract Number
Stock Option Billing Rate
EMPLOYEE
EmployeeNumber EmployeeName EmployeeAddress EmployeeDateHired EmployeeType

Figure here copied from [Hoffer+10].
You cav either put attributes

vertically (as T usually draw thewm) or
horizontally (as here and other copied HOURLY EMPLOYEE

figures from [Hoffer+10])

CONSULTANT

CEmployeeNumber ContractNumber BillingRate

HEmployeeNumber HourlyRate

SALARIED_EMPLOYEE

SEmployeeNumber AnnualSalary StockOption

Source: Hoffer, Ramesh, Topi, "Modern database management," 12th ed, 2016. Figures 4-20, 4-21
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One attribute can be part of multiple FKs

create table A(
aid int PRIMARY KEY);

create table B(
bid int PRIMARY KEY);

create table C(

cid int PRIMARY KEY,
FOREIGN KEY (cid) REFERENCES A,
FOREIGN KEY (cid) REFERENCES B);

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 647
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In-Class Exercise

Person

id

name

address
street
city
state
Zip

SN

Employee Volunteer Donor
date hired active
{skill}
ltem
id
name
value

Translate the ERD on the left into
a relational schema, by being as
faithful to the diagram as possible,
and by avoiding redundant tables
or attributes if possible.

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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In-Class Exercise Solution

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

Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active
{skill}
ltem
id
name
value

id

name

street

city

state

Zip

Employee
id (FK

date_hired

active

a
=
A

ltem

name

value
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In-Class Exercise Solution
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Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active
{skill}
ltem
id
name
value

Person

id <

name

street

city

state

Zip

Employee
id (FK)
date_hired

what if we
rewmove the
Dovor relati

?

on

Volunteer
id (FK id (FK)
active id (FK
Skl
id (FK) id
skill name

value
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In-Class Exercise Solution

Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active
{skill}
ltem
id
name
value

Person

id <

name

street

city

state

Zip

Employee

Volunteer

id (FK)
date_hired

The right schema implies we
con't store dovor-specific
additional information and
corresponds better to +he
participation constraint
showw on the left
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id (FK)

active

Skill

Donor

id (FK)
iid (FK)

id

name

value
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In-Class Exercise Solution

Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active |
{skill}
ltem
id
name
value

Person

id <

name

street

city

state

Zip

Employee
id (FK)
date_hired

what do we need +o change
on the right to encode the
constraints from the lef+?

?
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Volunteer

id (FK)

active

Skill

Donor

id (FK)
iid (FK)

id

name

value
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In-Class Exercise Solution

Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active |
{skill}
ltem
id
name
value

Person

id <

name

street

city

state

Zip

Employee

Volunteer

id (FK)
date_hired

To be precise, here as well
the schema implies that
dovors are defined by having
donated av item and
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id (FK)

active

Skill

id

name

value

pid (FK)
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In-Class Exercise Solution
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Person
id
name
address
street
city
state
Zip
Employee Volunteer Donor
date hired active |
{skill}
ltem
id
name
value

Person

name

street

city

state

Zip

Employee

id (FK)

id -

Also ok and

date_hired

simplifies
reading
Volunteer
id (FK
active
id (FK id
skill name
value
pid (FK)
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319 Chinook database

? MediaTypeld
Name

L. Genre

? Genreld
Name

L. Track
7 Artistld = ?  AlbumiId “@=00f ¥ Trackld =
Name Title Name
Artistld AlbumId
MediaTypeld
Genreld e
Composer
? Playlistld ? Playlistld Miliseconds
Name ¢ Trackld co==  Bytes
UnitPrice
L
E. Invoiceline
#  Invoicelineld
Invoiceld
? Employeeld Trackld
LastName |k Customer UnitPrice
FirstName CustomerId Quantity
Title FirstName §
ReportsTo LastName :
BirthDate Company I Invoice
HireDate Address ?  Invoiceld
Address City 2P0 Customerld
City State InvoiceDate
State Country BilingAddress
Country PostalCode BillingCity
PostalCode Phone BilingState
Phone “F=00 Fax BilingCountry
Fax Email BilingPostalCode
Email SupportRepld Total

Source: https://chinookdatabase.codeplex.com/
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Notice that join conditions are
not showw correctly here. You
may have to look at the actual
schewma defivition in SQL ©
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Specialization "lattice" [EImasri+15]  lwillnotaskyou about lattices!

Lattice: special type of Partial Order

Figure 4.7 . .
[Hoffe r+'10], ”@ A specialization lattice (?056+) lW.WVlIGVl any two eloments
with multiple inheritance have a wiigue supremum (least upper bound)

[Elmasri+15] PERSON B'“h _date for a UNIVERSITY and unidue nfimam (greatest lower bound)
database.
@ Major_dept
EMPLOYEE ALUMNUS STUDENT

maultiple inheritance
(shared subclass)

Degrees

\

STAFF FACULTY STUDENT_ GRADUATE_ UNDERGRADUATE_
ASSISTANT STUDENT STUDENT

RESEARCH_ASSISTANT TEACHING_ASSISTANT

: :

Source: Elmasri, Navathe. Fundamentals of Database Systems, 7" ed, 2015. Fig 4.7
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Specialization "lattice" [EImasri+15]  lwillnotaskyou about lattices!

Lattice: special type of Partial Order

Figure 4.7 . .
[Hoffe r+'10], ”@ A specialization lattice (?056+) lW.WVlIGVl any two eloments
with multiple inheritance have a wiigue supremum (least upper bound)

[Elmasri+15] PERSON B'“h _date for a UNIVERSITY and unidue nfimam (greatest lower bound)
database.
. PERSON Figure 9.6
Major_dept : ializati
@ @ Iﬁ Name ‘ Birth_date‘ Sex ‘ Address ‘ I’\::trz:zr:r? It:ri]gulfe spu;fgl;zatlon
J N multiple optiorfs.
EMPLOYEE ALUMNUS STUDENT EMPLOYEE ]
’ Ssn ‘ Salary ‘ Employee_type‘ Position ‘ Rankl Percent_time‘ Ra_flag | Ta_flag | Project ‘ Course |
maultiple inheritance \ y
(shared subclass) ALUMNUS  ALUMNUS_DEGREES hipe
—E | Ssn | Year | Degree ‘ Major l -

d _ d STUDENT d %
—‘ Ssn ‘ Major_deptl Grad_flag | Und-*r;;rad_flag| Degree_proglaml Class lStudent_assist_ﬂag
J

\ J
STAFF FACULTY STUDENT_ GRADUATE_ UNDERGRADUATE_ Y
ASSISTANT STUDENT STUDENT @Y’&ld_‘l'\ﬂDG
(Posto)  CRank ) /&\Degmepmgram
—
RESEARCH_ASSISTANT TEACHING_ASSISTANT
Source: Elmasri, Navathe. Fundamentals of Database Systems, 7" ed, 2015. Fig 4.7 665
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