
CS145 Midterm Examination
Spring 2001, Prof. Widom

� Pleasereadall instructions(includingthese)carefully.

� Thereare8 problemson the exam,with a varyingnumberof pointsfor eachproblemand
subproblemfor a total of 75 points.You should look through the entire exam before getting
started, in order to plan your strategy.

� Theexamis closedbookandclosednotes,but youmayreferto your threepagesof prepared
notes.

� Pleasewrite your solutionsin thespacesprovidedon theexam. Make sureyour solutions
areneatandclearlymarked. You mayusetheblankareasandbacksof theexampagesfor
scratchwork. Pleasedonot useany additionalscratchpaper.

� Simplicity and clarity of solutions will count. You maygetasfew as0 pointsfor a problem
if your solution is far morecomplicatedthan necessary, or if we cannotunderstandyour
solution.

NAME:

In accordancewith boththeletterandspirit of theHonorCode,I have neithergivennor received
assistanceon 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
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1. E/R Diagrams to Relations (8 points)

Considerthe following entity-relationship(E/R) diagram,which specifiescourses,TAs for
courses,andofficehoursvisits to TAs includinga ratingfor thequality of eachvisit.

TAs
Office

Name

Number

Name

Rating

Date

Office Hours
Visits (OHVs)

About

Courses

Staff

Saw

Using the algorithmdescribedin classandin the textbook, translatethe E/R diagramto a
relationalschema.Do not makeany assumptionsabouttherealworld exceptthoseencoded
in the E/R diagram. Be sureto specify(underline)keys for all relations. List your setof
relationshere:
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2. E/R Diagrams and Functional Dependencies (6 points)

(a) (2 points)Considerthefollowing entity-relationship(E/R)diagram:

RE1 E2

K2K1

and the relation
�������	�
���	

for the relationshipset. List all completelynontrivial
functionaldependenciesthatholdon

�
:

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

RE2 E3

K3K2

E1 K1

andtherelation
�������	�������
����

for therelationshipset.List all completelynontrivial
functionaldependenciesthatholdon

�
:
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3. Functional Dependencies (6 points)

Considera relation
�����������
���
���
���
��

with the following setof functionaldependencies
over

�
:

� � �
� � � �
� � �

(a) (3 points)Basedon thesefunctionaldependencies,thereis onekey for
�

.

Whatis it?

(b) (3 points)Add to the above setof functionaldependenciesthe dependency
�!� �

.
Now supposewe want

�
to bea key. Nameonemorefunctionaldependency that, if

addedto theset,makes
�

akey. As anadditionalrestriction,thenew functionaldepen-
dency musthave only oneattributeon the left-handsideandonly oneattributeon the
right-handside.

Write thedependency here:

4. Functional Dependencies and Relational Algebra (5 points)

Considera relation
�����������
�"

. Write a relationalalgebraexpressionthat alwaysreturns
empty if andonly if the functionaldependency

�#� �
holdson

�
. Mark your answer

clearly, andrememberthatyou will begradedon simplicity aswell ascorrectness.
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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.

Weusethefollowing two relationalschemas:

Schema1:
�����������
���
�%

Schema2:
�'&(���"�
���
�"

,
�*)+�����
� 

(a) ConsiderSchema1 andsupposethattheonly functionaldependenciesthatholdon the
relationsin this schemaare

�,� �
,
�-� �

, andall dependenciesthat follow from
these.Is Schema1 in Boyce-CoddNormalForm(BCNF)?

Circle one:YES NO

(b) ConsiderSchema2 andsupposethattheonly functionaldependenciesthatholdon the
relationsin this schemaare

�.� �
,
�/� �

,
�0� �

,
�.� �

, andall dependencies
thatfollow from these.Is Schema2 in BCNF?

Circle one:YES NO

(c) Supposeweomit dependency
�1� �

from part(b). Is Schema2 in BCNF?

Circle one:YES NO

(d) ConsiderSchema1 andsupposethattheonly functionalandmultivalueddependencies
thathold on the relationsin this schemaare

�,� ���
,
�2� �

,
�2�3� �'�

, andall
dependenciesthatfollow from these.Is Schema1 in FourthNormalForm(4NF)?

Circle one:YES NO

(e) ConsiderSchema2 andsupposethattheonly functionalandmultivalueddependencies
thathold on therelationsin this schemaare

�4� �5�
,
�-� �

,
�6�3� �7�

,
�8�9� �

,
andall dependenciesthatfollow from these.Is Schema2 in 4NF?

Circle one:YES NO
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6. Relational Algebra and 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.

Considera relation
�����������
�"

andthefollowing two statements:

Statement1:
�

is akey for
�

.

Statement2: Functionaldependency
�:� �5�

holdson
�

.

(a) Are thesetwo statementsequivalentin relationalalgebra?

Circle one:YES NO

(b) Are thesetwo statementsequivalentin SQL?

Circle one:YES NO

7. SQL (8 points)

ConsiderarelationScores(ID,name,score) for recordingstudentscoresonthismidterm.
AttributeID is akey. Youareto write aqueryin SQLthatreturnsthefrequency distribution
of scores,in descendingorderby score.For example,theoutputmight look like:

score number

74 6
73 2
70 1
69 15
;<;<; ;<;<;

Thefirst columnrecordsthescoreon theexam,andthesecondcolumnrecordsthenumber
of studentswho received that score. Do not include rows for scoreswhereno students
receivedthatscore.Delineateyouranswerclearly, andrememberthatyouwill begradedon
simplicity aswell ascorrectness.

6



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 tableshows two queries.In the blank third columnof the table
write “YES” if the two queriesareequivalent,and “NO” if they arenot equivalent. Re-
memberthattwo queriesareequivalentif they alwaysreturnexactly thesameansweronall
databases.

All queriesreferto aschemacontainingtwo relations:
���=���
�5

where
�

is akey and
�

is akey> �=���
�?
where

�
is akey

You mayassumethattherelationsdo not containNULL values,but do not make any other
assumptionsabouttherelations.

Query1 Query2 Equiv.?
@BA ��� $ >  @BA ���� $ @BA � > 
@DC ��� $ >  @DC ���� $ @DC � > 
@DC ���FE >  @DC ����GE @DC � > 
HBIKJ AMLMN ���� HBIBJ AMLMN � @DIBJ ABO IBJ C ���QP�R > S
@DIKJ A � HBIBJ CBLKTUJ C ���.V > S select R.A from R,S where R.B=S.B
@DIKJ C � HBIBJ AWLKTUJ A ���.V > S select R.B from R,S where R.A=S.A
@DC ���� $ select min(B) from R@DI & J C � HBI & J CYX�I ) J C �=Z I &[����\V�Z I )]����S^
@DC ���� $ select max(B) from R@DI & J C � HBI & J CY_�I ) J C �=Z I &[����\V�Z I )]����S^

select R.B from R,S where R.A=S.A select B from R
where A in (select A from S)

select B from R select R.B from R,S where R.A<>S.A
where A not in (select A from S)

select A from R select A from R group by A

select B from S select B from S group by B

select B from S group by B select distinct B from S

(select B from S) select B from S
except all where B not in (select B from R)
(select B from R)
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