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Second possible solution
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Department
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Grade

Undergraduate o Graduate

— S5entitieseach 3 — 5 entities (student 3,
(missing/wrong key -1) profs 3, other 2)

— 6 relationships each 3 — 6 relationships each 3
(correct connection, (correct connection,
multiplicity, arrows) multiplicity, arrows)

— Undergraduate 3 — Undergraduate 2

— Graduate 4 (relation, — Graduate 2 (relation,

field of study) field of study)



The ssmple way of converting E/R to relational design

e Thefive“main” entity sets:
— Professors(1D,Address,Name)
— Students(ID,Address,Name)
— Courses(1D,Title) or Courses(CID,DID,Title)
— Departments(ID,L ocation,Name)
— Semesters(Code,Y ear,Name)

 Thetwo ISA subclasses:
— Undergraduate(Studenti D)
— Graduate(Studentl D,FieldOf Study)

e Therelationships:
— Empoyed(ProfI D,Departmenti D)
— Magjor(Student! D,DepartmentiD)
— Offerred(Department| D,Cousel D) or none
— Advisor(ProfI D,GradStudentI D)
— Teach(Prof1 D,Coursel D) or Teach(Profl D,Coursel D,Depl D)

— Transcripts(Studl D,SemesterCode,Coursel D,Grade) or
Transcripts(Studl D,SemesterCode,Coursel D,DepCode, Grade)




A better way of converting E/R to relational design

e Thefive“main” entity sets:
— Professors(ID,Address,Name) [Add DepartmentlD, Remove the Empoyed
relationship — Slide 16/ch3]
— Students(ID,Address,Name) [Add DeplD, Remove Mgor]

— Courses(ID,Title) or Courses(CID,DID,Title) [Usethe second one, remove
offerred relationship]

— Departments(ID,L ocation,Name)
— Semesters(Code,Y ear,Name)

 Thetwo |SA subclasses:
— Undergraduate(Studenti D) [could be removed but not a good idea]
— Graduate(Student! D,FieldOf Study)

e Thereationships:
— Empoyed(ProfI D,DepartmentI D) or none
— Maor(Student! D,Department| D) or none
— Offerred(Department| D,Cousel D) or none
— Advisor(ProfI D,GradStudentI D)
— Teach(ProflD,Coursel D) or Teach(ProfiD,CourselD,DeplD)

— Transcripts(Studl D,SemesterCode,Coursel D,Grade) or
Transcripts(Studl D,SemesterCode,Coursel D,DepCode, Grade)




Grade

— 5relations corresponding to 5 entity sets each 2
— Transcripts 2

— Teach 2

— Undergraduate 1

— Graduate 1

— Maor 1l

— Offer 1

— Employed 1

— Advisor 1

* Missing key, no justification each -0.5



(20/15) Given arelation R(A,B,C,D,E) with the following functional dependencies: AB — E,

AC - D,BC - D,D - A,andE — B. What are the nontrivial functional dependencies
of the relation S(A,B,C) that is obtained from R by projecting out the two attributes D and E.

To answer the question, we need the following computation:

{}7={}

{A}"={A}

{B}"={B}

{C7={C}

{AB}*={A,B,E}

{A,C}*={A,CD}

{B,C}*={B,C,D,AE}
Thisimpliesthat the nontrivial functional dependencies of S(A,B,C) come only from the last
computation, i.e., {B,C}*={B,C,D,A,E}. S0, we have:
BC - A,BC - AB,BC - AC,BC - ABC arethenontrivial FDs of S.
Thefirst FD is enough since the other are trivially derived fromiit.

GRADE: correctly compute each of the above 2.5/2, identifying BC - A 2.5/1, wrong
answer -1 each



(15/15) Given the relation R(A,B,C,D) with the following instance:

Rl

wlw|lw|lw|w]|O
olo|b|la|lbd]|o

B
2
2
2
2
2

Will the following functional dependencies hold? Justify your answer.

ABCD - BD  YES-becausethisisatrivial FD 4pt
ABC - D NO — because the first two rows have same ABC but different D 3pt
BC.D NO — because the first two rows have same BC but different D~ 3pt

What are the possible, nontrivia functional dependencies of the relation? (limit yourself on functional
dependencies whose right hand side has only one attribute). Justify your answer.

There are severa possible nontrivial FD. If you list 5 of them (each one point), it is enough. Some of them are
B - C :becausewhenever B isthesamesoisC (thereisno violation to this FD from the instance)
C - B  :becausewhenever CisthesamesoisB (..)
AB - C :becausewhenever ABisthesamesoisC (..
A - B :becausewhenever A isthesamesoisB (..) [butnotB - A]
A - C :becausewhenever A isthesamesoisC (..) [butnot C - A]
D - C :becausewhenever D isthesamesoisC(..) [butnotC - D]
D - B :becausewhenever A isthesamesoisC(..) [butnotB — D]
From these, you can list severa derived FDssuchasD - CB,A - CB ...
(Wrong answer: -0.5 point)



(5/10) Consider therelation R(A,B,C,D) with the functional dependenciesAB — C, BC —» D ,CD — A,

and AD — B. Someone claimsthat “every subset of { A,B,C,D} that contains two attributesis akey of R
iIf one more functional dependency is added to the above set of functional dependencies’. Prove or
disprove this claim.

First, we need to see which subset of two elements out of { A,B,C,D} are keys of the relation.
We compute
{AB}*={A,B,CD}, {A,C}*={A,C}, {AD}*={A,D,B,C}
{B,C}*={B,C,D,A}, {B,D}*={B,D}, {C,D}*={C,D,A B}
Since there is no FD with only one attribute in the left hand side, we can conclude that thereis
no key of R that contains only one attribute. Thisimpliesthat {A,B}, {A,D}, {B,C}, and { C,D}
are keys of R since they functionally determine al attributes of R and they are minimal.
The claim istrue if we can find one FD that makes {A,C} and {B,D} keysof R. This means
that we need a FD that extends both { A,C} and {B,D}. This can be achieved by one FD whose
left hand side belongsto {A,C} n{B,D}. But this set is empty, so we can not find a FD that
extends both { A,C} and {B,D}. The claim isindeed not true.
Remark: Adding arule of theform - A, B,[- C,or- D doesnot solvethe
problem either. What we need is something like (- AD, [0- BC,[- AD,or- AB.
However, adding one of these, say [I-- AD, will make AD no longer the key. So, this will not
work aswell. [You do not need to have the ‘remark’ in your answerJ |
GRADE: Correctly computing the above 0.5/1 point each, identifying 4 keys and 2 non-keys 1
point/2 points, give the reason for disagreeing 1 point/2 points



Show that the following rule is not a valid rule about functional dependencies:

If AB C thenA Cor B C.
(This can be proven by giving an example in which the functional dependency AB C
holds but neither A Cnor B C holds.)

A B C
1 2 3
1 3 4
2 3 5

Thisinstance satisfies AB - C but does not satisfy A — C (because
of the first two rows). It does not satisfy B — C ether (because of
the last two rows)

Give examplewith AB - C (2 points), A - C, B - C doesn’'t hold
1.5 point each.



