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Pre-class conversations

e Recall exam 3 is next week MON Dec 12:
— Possible design question: here is a design, improve it
— tips: submit to the correct place on Gradescope, restart the laptop and open a new

database to make sure no problems during the exam, scrap paper ok

e Project: +
— The value of active exercise vs passive consumpion
— Bad practice: A creates, B and C "approve"
— Good practice: A,B,C come to meeting with worked-out solutions, then they compare
— Stop early today and available for project questions

e Practice today:
— Normalization
- ERD
- SQL
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Studying new material: "Under which study condition do

you think you learn better?"

passive reading active Q&A
C Metacognijtive Predictions A Verbatim Questions B Inference Questions
08 b 0.8 } -
0.7 | -
8 06 | E 06 }
Sos | i 05 }
.E 0.4 : “ 0.4
2o
% 0.3 } §. 03
ap2 |
0.1
0.0
Study Repeated Concept Retrieval Sludy Repeated Concept Retrigval Study Repeated Concept Retrieval
Study Mapping Practice Study Mapping Practice Study Mapping Practice
\ J \ J
| |
Judged performance Actual performance
(=what people think) (=what is actually working)

Data from: Karpicke & Blunt, "Retrieval Practice Produces More Learning than Elaborative Studying with Concept Mapping," Science, 2011. https://doi.org/10.1126/science.1199327
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Source: https://publicdomainreview.org/collection/a-19th-century-vision-of-the-year-2000
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Normalization exercise

|
Goals: Create all of the following

A B C = normalizations if possible:
A A | 4 1. wveither 3NF, vor BCNF
D2 A A | 2. only ANF, not BONF
3 A | 3. not ZNF, but BCNF
4. i both ANF and BCNF
Suggested Approach:

1. try all possible candidate keys as PKs
2. thew vormalize uvtil you hit ANF or BCNF

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 888
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Normalization exercise

A B C D
DA 4 | A
b2 4 A |
a3 4 |
FP 1 is full and used as PX

A B C D
b2 | 4 s |
a3 4 |

im ANF (o wmore partial vor transitive
FDs), not in BOCNF (determinant of ¥D3
is wot candidate key)
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Goals: Create all of the following
normalizations if possible:

1. weither 3NF, vor BCNF

2. only 3NF, vot BCNF

Z—uet ANT, but BPONE
4. in both ANF and BCNF

FD 2 is full and used as PK

1
P35

A B C D
| 4 | 4
4 |

/ ( ‘ [
2 2 Z /

not i BANF (partial TD3),
+hus veither in BONF
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Normalization exercise

A B C D
DA 4 | A
b2 4 A |
a3 4 |
FP 1 is full and used as PK

A B C D
P2 | 4 s |
D 3 A |

im ANF (o wmore partial vor transitive
FDs), not in BOCNF (determinant of ¥D3
is wot candidate key)
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|
Goals: Create all of the following

normalizations if possible:
1. weither ANF, vor BCNF
2. only 3NF, vot BCNF

2. not 3NF, but BCNF

4. n both 3ANF and BONF

FD 2 is full and used as PK

FD 1 was wot preserved
now in 3NDF and BCNF

A B | D(FK)
C D
P 3 4 |
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Normalization exercise

DA | 4 |

P2 |

P 3 )
D 4

Goal: Normalize into
ANTF, then BCNF
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Normalization exercise

A B C D E F G H
DA | 4 | 4 4 A A A
D 2 | 4 |
D3 4
D 4 | 4
First: what is a ?
possible PK? -
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Normalization exercise

A B C D E F G H

netther partial (determinant is ot part
of key), vor +ravsitive (vot betweew now-

P2 4 | prime attributes ovly

D3 | 4

D 4 partial | A
travsitive
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Normalization exercise

A c D

H

P2

neither partial (determinant is not part
of key), vor travsitive (ot between vov-

1>
o
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D 4

prime attributes ouly

_>
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Normalization exercise

A (FK) c D E F (FK) H

netther partial (determinant is ot part
f key), vor tramnsitive (vot between viow-
P2 4 | rime attributes only
y
A B F G
That is 3NF

but vot in BCNF

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 895
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A (FK)

Normalization exercise

C (FK)

<

F (FK)

1> =

F (FK)
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Normalization exercise

That is n BCNF

A (FK) C (FK) D F (FK)
Y Y
C E F (FK
Y
A B

(and thus alse in 3INF)
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department
« Each employee has one supervisor ’?
e Each departmentis manged by one manager
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department
« Each employee has one supervisor ’?
e Each departmentis manged by one manager

All 2 appear mandatory!

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 899
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department
« Each employee has one supervisor
e Each departmentis manged by one manager

Supervises Works In Has Workers
EMPLOYEE DEPARTMENT
Supervised By Manages Is Managed By

Recall: Entities can be related +o one another in more than one way

Source: Fig. 2-21, Hoffer, Ramesh, Topi, "Modern database management," 10%" ed, 2010.
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department
« Each employee has one supervisor
e Each department is manged by one manager

Employee <w\orks)/ » Department

upervise
l anage
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University ERD

department
course_dept > dept_name
building
budget
stud_dept
instructor Student
D - advisor D
hame hame
salary tot_cred
------- grade
section
course sec id. time_slot
course id | ; semester. Sec_time_slot time_slot_id
title Yvear. [ day
credits start_time
end_time
prereq J
course_id prereq_id
Every sectiov is associated with
classroom A ) .
— one tive slot (which cam cousist of
room_number several meetings per week)
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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University ERD

course_id prereq_id

department
course_dept | dept name
building
budget
stud_dept
instructor student
ID < advisor ID
name name
salary tot_cred
/ _____ grade
\sectiyﬁ
course AT time_slot
course id sepfes) sec_time_slof time slot_id
tztle. ear { day
credits / \ start_time
end_time
|

’:

classroom Older version of textbook did ot have a
building special votation for weak entities other

room_number thav the identifying relationship. We use
capacity

the new votation from the previous slidel

903


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

University Schema

Department

J|dept name
building
budget

Instructor if an entity set consists of only

two attributes (a single PK
attribute B and a single

tot_cred muktivalued attribute W), we can
@dept_name|  psually just represent it with ove

name
salary
@dept_name

name

@advisor relation (that would be ouly
"time_slot_entry" here).
@course_id @course_id But here T disagree with the
@sec_id @sec_id book. We should have "Time_slot”
@semester @semester v order +o ewforce the referential
@year @year integrity constraint of sections
grade being able to be associated ovly

with predefived time slots.

@prereq_id sec id
credits semester

@dept_name year Time_slot Time_slot_entry
@tsid id | @tsid

@room_number \building start time
room_number end_time

@course_id 7course id < \@course id
title \

capacity /
"Although vot represented as a constraint on the €-R diagram, we kuow that there canvot be two
meetings of a class that start at the same time of the same day of +the week but end at differewt times;
based on this constraint, end time has been omitted from the primary key of the time slot schema.”

Relational schema corresponding to slightly fixed ERD from "SDK", Silberschatz, Korth, Sudarshan, Database system concepts, 7t" ed, 2020. Fig 6.15
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 904
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Limits of enforcing cardinality & participation constraints w/ FKs (1/2)

SDK <:> i:
[Silberschatz+'20] A B A B A = < : >= B
Crow's foot R R I R
[Hoffer+'10] A >O O< B A @ O< B A [ O< B
Stanford B
[Complete book'03] A {R% B A <—<R% B A &F% B
Gradiance
A A A
relational 1N [ N A N A D
Translation < aid (FR) d id i id id
bid (FK)
aid (FK) aid (FK) NN

not vull (NN) constraints enforce /
mandatory participation constraints
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Limits of enforcing cardinality & participation constraints w/ FKs (2/2)

SDK
[Silberschatz+'20]

Crow's foot
[Hoffer+'10]

Stanford

[Complete book'03]
Gradiance

Relational
Translation

A=<F%B A%B
A Do—R B A Ho—R B
A{R}B A<—<R%B

The Stanford arrow notation does wot allow +o indicate mandatory participation on
the "to wmany" side. Av intuitive justification: we anyway can't ewforce these later v
the relational travslation, thus why even represent. This is the closest we cav get.

[}

<4 aid (FK)

Bl
id

bid (FK)

2

lai

\ id
aid (FK)

We canviot enforce mavdatory participation on the "to many" side with FKs alove.
We thus, in practice, just iguore them. This trauslation is the closest we can get.

\ id
aid (FK) NN

We canvot distinguish 111 from 1:imany with
FKs only. This is the closest we can get.
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ERD best practice

. : Assume vo additional
= = attributes on R

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 907
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ERD best practice

id As tables ?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 908
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ERD best practice

id
B
d
id
bid (FK)
cid (FK)
A C
id R1 > id

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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ERD best practice B

id
B

d A

id aid (FK)

4 bid (FK)

cid (FK)

A C
id R > id

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 910
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ERD best practice

id
B
5
id
A bid (FK)
cid (FK)
A C
id R > id

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

id
B
d
id
bid (FK)
cid (FK)
A C
id R1 > id
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ERD best practice B

B
d N
k) bid (FK)
cid (FK) F—+]id
What veeds to
change in the ?
A C relational schema ™
id R » id
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ERD best practice

: F—
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~<+—1 aid (FK)

R j

bid (FK)
cid (FK) |——id

Now we *need*
+he 4+h relation!
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