CS145 Midterm Examination
Spring 2001, Prof. Widom

e Pleasaeadall instructiong(includingthese)carefully

e Thereare8 problemson the exam, with a varying numberof pointsfor eachproblemand
subproblenfor atotal of 75 points. You should look through the entire exam before getting
started, in order to plan your strategy.

e Theexamis closedbookandclosednotes but you mayreferto yourthreepagesof prepared
notes.

e Pleasewrite your solutionsin the spacegrovided on the exam. Make sureyour solutions
areneatandclearly marked. You may usethe blank areasandbacksof the exam pagesor
scratchwork. Pleasalo not useary additionalscratchpaper

e Smplicity and clarity of solutions will count. You may getasfew asO pointsfor a problem
if your solutionis far more complicatedthan necessaryor if we cannotunderstand/our
solution.

NAME:

In accordancevith boththe letterandspirit of the Honor Code,| have neithergivennor receved
assistancen this examination.

SIGNATURE:

\Problem \\1\2\3\4\5\6\7\8“TOTAL\
Max. points|| 8| 6 | 6|5|10| 4|8 |28 75
Points




1. E/R Diagramsto Relations (8 points)

Considerthe following entity-relationshig E/R) diagram,which specifiescoursesTAs for
coursesandoffice hoursvisits to TAs includingaratingfor the quality of eachvisit.

i

Office Hours
Visits (OHVSs)

Courses

1

Using the algorithmdescribedn classandin the textbook, translatethe E/R diagramto a
relationalschemaDo not make ary assumptiongaboutthe realworld exceptthoseencoded
in the E/R diagram. Be sureto specify (underline)keys for all relations. List your setof
relationshere:



2. E/R Diagrams and Functional Dependencies (6 points)

(@) (2 points)Considerthefollowing entity-relationshigdE/R) diagram:

El E2

= -

and the relation R(K1, K2) for the relationshipset. List all completelynontrivial
functionaldependenciethathold on R:

(b) (4 points)Considerthefollowing E/R diagram:

El —@

E2 E3

= =

andtherelation R(K1, K2, K 3) for therelationshipset. List all completelynontrivial
functionaldependenciethathold on R:




3. Functional Dependencies (6 points)
Considerarelation R(A, B, C, D, E, F') with the following setof functionaldependencies
over R:

A — C
DE — F
B — D

(@) (3 points)Basedon thesefunctionaldependencieshereis onekey for R.

Whatis it?

(b) (3 points)Add to the above setof functionaldependenciethe dependenc A — B.
Now supposene want A to be a key. Nameonemorefunctionaldependengthat, if
addedo theset,makes A akey. As anadditionalrestriction,thenew functionaldepen-
dengy musthave only oneattribute on the left-handsideandonly oneattribute on the

right-handside.

Write thedependenghere:

4. Functional Dependencies and Relational Algebra (5 points)

Considera relation R(A, B, C'). Write a relationalalgebraexpressionthat always returns
emptyif andonly if the functionaldependenc A — B holdson R. Mark your answer
clearly, andremembethatyou will be gradedon simplicity aswell ascorrectness.



5. BCNF and 4NF (10 points)

On this problem you will get 2 points for each correct answer, —1 points for each incorrect
answer, and 0 points for each answer left blank.

We usethefollowing two relationalschemas:

Schemadl: R(A, B,C, D)
Schem&: R, (A, B,C), Ry(B, D)

(a) ConsiderSchemadl andsupposehatthe only functionaldependenciethathold onthe
relationsin this schemaare A — B, C' — D, andall dependenciethatfollow from
these.ls Schemal in Boyce-CoddNormalForm (BCNF)?

Circleone:YES NO

(b) ConsiderSchem& andsupposéhattheonly functionaldependenciethathold onthe
relationsin this schemaareA — B, A — C, B — A, A — D, andall dependencies
thatfollow from these.ls Schem& in BCNF?

Circleone:YES NO

(c) Supposave omitdependencA — D from part(b). Is Schema& in BCNF?
Circleone:YES NO

(d) ConsiderSchemadl andsupposehatthe only functionalandmultivalueddependencies
thathold on the relationsin this schemaareA — BC, B — D, B — CD, andall
dependenciethatfollow from these.ls Schemal in FourthNormal Form (4NF)?

Circleone:YES NO

(e) ConsiderSchema& andsupposehattheonly functionalandmultivalueddependencies
thathold ontherelationsin thisschemaareA — BD, D — C,C — AB, B — D,
andall dependenciethatfollow from these.ls Schem& in 4ANF?

Circleone:YES NO



6. Relational Algebraand SQL (4 points)

On this problem you will get 2 points for each correct answer, —1 points for each incorrect
answer, and 0 points for each answer left blank.

ConsiderarelationR(A, B, C') andthefollowing two statements:

Statementl: A is akey for R.
Statemeng®: Functionaldependenc A — BC holdson R.

(a) Are thesetwo statementgquialentin relationalalgebra?
Circleone:YES NO

(b) Are thesetwo statementgquivalentin SQL?
Circleone:YES NO

7. SQL (8 points)

ConsiderarelationScor es( | D, nane, scor e) for recordingstudenscoreonthismidterm.
Attributel Dis akey. Youareto write aqueryin SQL thatreturnsthefrequeng distribution
of scoresjn descendin@rderby score.For example,the outputmightlook lik e:

| score| number]|

74 6
73 2
70 1
69 15

Thefirst columnrecordsthe scoreon the exam,andthe secondcolumnrecordsthe number
of studentswho receved that score. Do not include rows for scoreswhere no students
recevedthatscore.Delineateyour answerclearly, andremembethatyouwill begradedon

simplicity aswell ascorrectness.



8. Query Equivalences (28 points)

On this problem you will get 2 points for each correct answer, —1 points for each incorrect
answer, and 0 points for each answer left blank.

Eachrow of the following table showns two queries.In the blankthird columnof the table
write “YES” if the two queriesare equialent,and“NO” if they are not equivalent. Re-
memberthattwo queriesareequialentif they alwaysreturnexactly the sameansweronall

databases.

All queriesreferto a schemacontainingtwo relations:

R(A, B) whereA is akey andB is akey

S(A, B) whereA is akey

You may assumehatthe relationsdo not containNULL values,but do not make ary other

assumptionsbouttherelations.

Queryl Query?2 Equwv.?
WA(R—S) WA(R)—WA(S)
WB(R—S) TB(R)—TI'B(S)
WB(RUS) FB(R)U’R'B(S)
ORr.A=5(R) OrA=5(TRARB(R1S))
TrA(ORB=s.B(R X S)) select RAfromR S where R B=S.B
Tr.B(0rRA=5.4(R X S)) select RBfromR S where R A=S. A
m(R) — select min(B) fromR
7TR1.B(0R1.BZR2.B(PR1 (R) X ,URQ(R)))
me(R) — sel ect max(B) fromR
7TR1.B(0R1.B<RQ.B(pR1 (R) X pRZ(R)))
select RB fromR S where R A=S. A|select BfromR

where Ain (select AfromYS)
select B fromR select RB fromR S where R A<>S. A
where A not in (select AfrombS)
select AfromR select AfromR group by A
select B fromsS select B fromS group by B
select B fromsS group by B select distinct B fromsS
(select BfromyYS) select B froms$S
except all where B not in (select BfromR)
(select BfromR)




