Exercise 2

FUunctional dependencies
MultivalUuead dependencies
Noermal fiorms (BENE & 4NE)



Functional dependencies

In a relation, R=(A,,...,A.,B,...),
® A ...A B means that

if two tuples have the same value for A;...
A, then they alse have the same value for

B.

Think of It as:
R - a table
AL Ar B = columnriainels

UpPIES = reWS



=)

® The “B” on the right hand side can
NOT be a set of values.

® Hence, Student -PassedCourses is
NOT a ED.

¢ Also, "B” must be a column in the
table.

* Student=EliginierForGraduation s
NG 2 D



Keys

¢ |[F A...A determines all other
attributes/columns in the relation/table R

* AND this dees not hold for any sulbset of
ALLA

¢ THENIA,...A Is a key ofi R

* Any set of attrbutes that contalns a Kkey.
(Incltding the; set that contains nething
PUL the key)iisia superkey ol R

* Y oU always naVve tor pPIck arkey as Voul;
primary key



Problems that can arise

Movie Length Actor
Star Wars 124 Carrie Fisher
Star Wars 124 Mark Hamill
Star Wars 124 Harrison Ford

Mighty Ducks 104 Emilio Estevez
Wayne’'s World 95 Dana Carvey
Wayne’'s World 95 Mike Myers

4

Redundancy.
Updateranomalies

Deletion anemalies




Solution - BCNF

¢ |F whenever A....A_-B holds on R,
AL...A-mMUSE Be a superkey. ofi R

* THEN R Is 1 BENFE



How to get there

¢ Find A,...A_-Bi that vielates BCNF

® Make two new tables/relations:
- {A;...A L+ that IS everything that IS
KNeWRI as seon as you knew: A,...A_

- R minus {A,...A }* plus A,...A
- A reference
® Repeat untilinermere Violatiens



Let's try

Course names
Teacher names

Teacher titles (optional, e.g. Profiessor) P ame R DrStudents § Phour
Class room names

A\
Class roem capacity. \Qj/

Numbber off students taking a course

Day and time oii classes @ 0
®

'A (Dame D rSeaty

® ¢ 6 ¢ 06 0 o

TitledT [ title )

Classes(courseName, teacherName, teacherlitie, roomiName,
#Studenits, Weekday,, time, #Sseats)



FDs

courseName - teacherName (a course has only one responsible teacher)
courseName - #students (a course has only one number of students)

teacherName - teacherTitle (3 teacher has at most one title, could be argued
differently,)

teacherName - roomName (a teacher holds alli classes in the same room, by the
domain description)

roomName - #seats (a room has only one number of seats)

courseName, weekday, hour - roomName (a course has only one class at the
Same time)

roomName, weekday, hour » courseName (only one course at a time can be ina
roem)

Note that the Secona toast s actually not HECAED, SiHcEe WeNave courseName =
teacherName, teacherName ~ roomhName.



Keys

® Jo find possible keys for the full relation, we need
to compute the closures of all attributes.

* A trick Is that we don't need to look at attributes
that never appear on the left-hand side; ofi al FD,
SiNce, these can never give anything new.

* Anether trck 1s that we only need to ook at
attribute sets that are SUPERSELs of seme lefit-
nand side; o seme FD) SInGE TiFthe setWas noet 2
SUPEKSEL oif some |eft=hand side then there would
e ne FDSs te fellew!



Closures

{courseName}+ = {courseName, teacherName, #students, teacherTitle,
roomName, #seats}

{teacherName}+ = {teacherName, teacherTitle, roomName, #seats}
{roomName}+ = {roomName, #seats}

{courseName, teacherName}+ = {courseName} +

{courseName, roomName}+ = {courseName}+

{teacherName, roomName}+ = {teacherName}+

{courseName, weekday, hour}+ = all attributes (only weekday and heur missing
from {courseName}+)

{roomName, weekday, hour}+ = all attributes ({roomName, weekday, houl:})
gives, courseName, frrom there the rest)

{teacherName, weekday, hour}+ = all attributes (teacherName gives
roomNEame, fifom there therrest)



Closures cont.

® [he full set of EDs for this relation, I.e. the closure
of E (F+), Is thus:

- courseName - teacherName, #students, teacherTitle,
roomName, #seats

- teacherName — teacherTitle, roomName, #seats
- roomName - #seats

- roomName, weekday, Nour = courseName,
teacherName, #students, teacheritle

= teacherName, Weekaday, heuir—> courselName, #students



Now we decompose

¢ \/iolation 1: courseName — teacherName

- Rl(courseName, teacherName, #students, teacherTitle,
roomName, #seats) (i.e. the attributes in {courseName }
+).

- R2(courseName, weekday, hour) (i.e. the remaining
attributes, plus courseName).

- A refierence from R2.courseName to R1.courseName

* Violation 2 (inf R1): roomName — #seats
- Rll1(rocomName, #seats) (i.e. {roomName}+)

= Ri2(courseName, teacherName, #studenis, teacheriitie,
roomName) (ILe. the rest, plus reemiName)

= A refierence firomr Ri12. roomiName te R1L 1 reomName




¢ o

More decomposition

Violation 3 (in R12): teacherName - teacherTitle

- R121(teacherName, teacherTitle, roomName) (i.e. {teacherName} +
restricted to R11 (meaning #seats no longer exists in R11)).

- R122(courseName, teacherName, #students) (i.e. the rest, plus
teacherName)

- A reference from R122.teacherName to R121.teacherName

We're done!

Rooms(roeomName, #seats) (R11)

Teachers(teacherName, teacherlitle, roomName) (R121)
roomiName = Rooms, reomiName

Courses(courseName, teacherName, #students)
teacherName - Teachers.teacherName

Classes((cotrseName, weekday, heur) (R2)
courseName — Courses.courseName




Multivalued dependencies

A .. A __B..B_

¢ | et’'s call all the attributes that are
NOT in the As or Bs C,...C,

® Then I twos tuples have the same
ALAL VU Can switeh the BS or €S

“Plockwise between the tuples, and
the resultwillfee anrexisting tuple
A B C

A B C




MV D cont.

* A ..A-_B.. B would therefore also mean
A .. A --C,...C,

® And all EDs are M\/Ds

Actor Address |[Movie

Carrie Fisher |Malibu Star Wars

Carrie Fisher |Hollywood |Star Wars

Carrie Fisher |Malibu Return of the Jedi
Carrie Fisher |[Hollywood |Return of the Jedi




ANF

® Sharpen BCNFE a bit

¢ |F whenever A,...A_ - B Isi nontrivial
on R, A;...A. MUSt be a superkey. ofi R

¢ THEN R is In 4NF

* Noentrvial vasically meansithat the
As, Bs and Cs are non-overlapping
and non-empty sets



How to do it?

® \/ery similar procedure to making
BCNF

® . but | woen't steal the fun exercise
iirfom you ©
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