Principles Of Database Systems - Midterm Exam
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Problem 1 ER Diagram (20 points)

Suppose that you have set up a database company called “ArtBase” in order to build a
product for art galleries. The core of this product is a database with a schema that
captures all the information that galleries need to maintain.

Galleries keep information about artists, their names (which are unique),
birthplaces, age, and style of art.

For each piece of artwork, the artist, the year it was made, its unique title, its type
of art (e.g., painting, lithograph, sculpture, photograph), and its price must be
stored. Note that each piece of artwork is painted by only one artist.

Pieces of artwork are also classified into groups of various kinds (e.g., portraits,
still lifes, works by Picasso, or works of the 19th century); a given piece of
artwork may belong to more than one group. Each group is identified by a name
(like those just given) that describes the group.

Finally, galleries keep information about customers. For each customer, galleries
keep that person’s unique id, name, address, total amount of dollars spent in the
gallery (very important!), and the artists and groups of art that the customer tends
to like. Note that each customer come to the galleries for the reason that they like
at least one group of artworks.

(1) Draw the ER diagram for the database. (10 points)
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(2) Translate the ER diagram into a relational schema. (10 points)

Artist (name:string, birthplace:string, age:integer, style:string)
Artwork (title:string, yearstring, type:string, price:real)
Customer (cust id:integer, name:string, address:string, amount:real)

Group (namesstring)
Paints (title:string, name:string)
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Classify (title:string, _name:string)
Like Group (cust id:integer, name:string)
Like Artist (cust id:integer, name:string)

7. PaintsFlArtwork i] L& I %,
Paint_Artwork (title:string, yearstring, type:string, pricereal, name:string)

Problem 2 Functional Dependencies and Keys (24 points)

1. Suppose you are given a relation R with four attributes ABCD. Assume that the
following FDs are the only dependencies that hold for R.
We have the FD set: F = {AB>A, AB>C, AB->D, C->A, D>B}

(1) Compute the attribute closure AB* and A" with respect to F with detailed
explanation. (4 points)

AB* = ABCD

AB'IN—EfL 5 AB. [KNABSC IFLIAB N EC. KINAB> D, LAIABT
& D,

A=A

K9 MATG i AE tH A B PE . BT AT B A,
(2) ldentify the candidate key(s) for R. Briefly explain the reason. (4 points)
A=A,
B'= B,
C'=CA,
D*=DB,
AB"=ABCD,
AC'=AC,
AD'=ABCD,
BC'=ABCD,
BD"=BD,
CD'=ABCD
it AR %654 AB, AD, BC, CD.
(3) Find out the trivial functional dependencies in F and prove that they are
trivial FDs. (4 points)
AB>A
KNAB> A, BRI A A ) R AR L B EABRI 4, AT bLle 2 F
U BR H AT

2. Suppose you are given a relation R with attributes ABCDEFGHIJK. Assume that
the following FDs are the only dependencies that hold for R.
We have the FD set: FD = {ABD>E, AB>G, B>F, C>J,CJ>1|, G>H}

(1) Compute the attribute closure AB* and C* with respect to FD with detailed
explanation. (4 points)
AB" = ABFGH
AB'I—E T AB. K NB>F ATLLAB WA EF. [KAAB- G TLLAB AL

2
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EGo KING>H,FTLLAB N AL & H.
c*=cll
C'H—ZEB/EC. FNCDIFTLICTNEEI. FINCIDLLFLACT N L.

(2) Identify the candidate key(s)for R. Briefly explain the reason. (4 points)
L =ABCD
R = EFHI
N=K
LR=GJ
THELNEEAS, BILN = ABCDK, kKHHABCDK'™=ABCDEFGHUK, C&4HER
R4t JEm e . Bt AR (%1455 N ABCDK
(3) Write down a minimal cover for the setF. Briefly explain the reason. (4
points)
a. KFDH T A R I o R
FD = {ABD->E, AB->G, B>F, C->J, CJ>|, GOH}E AW L -
b. LHEFDH A WAL L TUR R P,
FEMRIGCI> 1 ACT=CILH 51, BRI TURI, "l ERR.
FD = {ABD->E, AB>G, B>F, C>J,C>I,G>H}
c. EHFDH A ITUARMAR R,

MR BXIE 2 A2 ). 77

INRFDZEHABDE, FD¥% T{ AB>G, B>F, C>1,G>H },1l
ABD'=ADBFGH, L M 5 E. T IABD> EA A £ 42 ).

3, AB>G ,B>F,C>1,GOHARZ &, MAREZH.

Fit LB SR B¢ /) BB Bk #5429 { ABDYE, AB>G, B>F, C>J,C>1,G>H }.

Problem 3 Normal Forms (12 points)

1. Suppose you are given a relation R with four attributes ABCD. Assume that the
following FDs are the only dependencies that hold for R.
We have the FD set: F={C->D, C>A B>C}
Identify the bestnormal form that R satisfies (INF, 2NF, 3NF and BCNF). If
R is not in 3NF, decompose it into a set of 3NF relations that preserve the
dependencies. (6 points)
2NF. (Rff4HB, B>C, C>DHIB>C, C>AHH I HH)
3NF 73 fif i i

FIX i /INE 75 9{C>D, C>A, B>C}, {8 FH R FFAHE 1) 5L 2150 R B

CD. AC. BC, &Jf/5#3%|ACD, BC.

2. Suppose you are given arelation R with four attributes ABCDEG. Assume that
the following FDs are the only dependencies that hold for R.
We have the FD set: F ={ A->B, B>C, AD>G, D>E}
Identify the bestnormal form that R satisfies (LNF, 2NF, 3NF and BCNF). If
R is not in BCNF, decompose it into a setof BCNF relations that preserve the
dependencies. (6 points)
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INF. (ARG NAD, A>Bidifx 1 # 0, B UARE ZE A4 2NF,
FrbAe RFFAINF)

BCNF/ fift i 2+

O ExEHKEBTIHEA>B, D>E, A>C

1 A-> B/ i il AB,ACDEG

ACDEG#%D-> E/ fi# i DE,ACDG

ACDGH%A-> C/1fift il AC,ADG

Jt LA 5 45 A2 AB, DE, AC,ADG (3 il Nt Fy AN [RI B # A2 1k A 45 51D
@ HNREBIKEIKEA>B, D>E, B>C
1%B->C/pfif i BC,ABDEG

ABDEG{%A~> B/ fi# il AB,ADEG

ADEG#%D->E%) i [ DE,ADG

It DL J5 45 S /2 BC, AB, DE,ADG

Problem 4 Relational Algebra, Calculus and SQL (36 points)

Consider the following relations containing airline flight information:

® Flights(flno: integer, from: string, to: string, distance: integer, departs: time,
arrives: time)

® Aircraft(aid: integer, aname: string, cruising_range: integer)

® Certified(eid: integer, aid: integer)

® Employees(eid: integer, ename: string, salary: integer)

Note that the Employees relation describes pilots and other kinds of employees as

well; every pilot is certified for some aircraft (otherwise, he or she would not qualify

as a pilot), and only pilots are certified to fly.

Write the following queries in relational algebra (RA), tuple relational calculus (TRC)

and SQL.

(1) Find the names of pilots certified for the aircrafts named “Boeing”. (12 points)
RA:

rAircaft) x4 Certified @ Employees)

TMename ((Ganame ='B oeing

TRC:
{T|3E € Employees(3C € Certified(3A
€ Aircarft(A.aid = C.aid A A.aname =’ Boeing’' A E. eid
= C.eid)) A T.ename = E.ename)}
SQL:
SELECT E.ename
FROM  Aircraft A, Certified C, Emplovess E
WHERE A.aid = C.aid AND A aname = ‘Boeing’ AND E.eild = C eid
(2) Find the names of pilots certified for all the aircrafts. (12 points)
RA:
Tename ((Certified / m ;4Aircraft) = Employees)
TRC:
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{T|3E € Employees(3C1 € Certified (VA € Aircarft(3C2
€ Certified(C2.aid = A.aid A C2.eid = C1.eid)) A E.eid
= (Cl.eid) A T.ename = E.ename)}

SQL:
SELECT E.ename
FROM Employees E
WHERE E.eid IN ( SELECT Cl.eid
FROM Certified C1
WHERE NOT EXISTS (SELECT A.aid
FROM Aircraft A
WHERE NOT EXISTS ( SELECT C2.eid
FROM Certified C2
WHERE C2.eid = Cl.eid
AND C2.aid= A.aid)))

(3) Find the eids of employees who make the highest salary. (12 points)
RA:

o B, Employees)

o B2, Employees)

P(E?’) TES. edd (El FIE1 salary>E2 salary Ez:‘
(Tesa Bl — B3

TRC:
{T|3E1eEmployees A —(3E2eEmployees(E2.salary > E1.salary)) AT.eid
= El.eid}
SQL:
SELECT E.eid

FROM  Employess B
WHERE E.galary = ( Select MAT (E2.salary)
FROM Employees E2 )
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Problem 5 Indexing and Storage Structure (8 points)

Suppose that we are using extendable hashing index that contains the following
search-key values K: 1,4,5,7,8,2,20. Assuming the search-key values arrive in the
given order (i.e. 1 being the first coming key and 20 being the last one). The initial
configuration of the structure and the binary form (assuming the choice of bits starting
from Least Significant Bit (LSB)) of all keys are given in the diagram below.

1 4 5 7 8 2 20
001 | 100 | 101 | 111 | 000 | 010 | 100

Show the extendable hash structure for each insertion of the above key values file
if the hash function is h(x) = x mod 8 and buckets () can hold two keys.
EXAMPLE:

Insert 1:

Y

B
-

0

1

4

Insert 5:

1 1

0 p 4
1 - _|
\ 1

1 5

Please show the extendable hash structure for the following insertions (7, 8, 2,
and 20). (8 points)
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Insert 7, 8:
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Insert 2:

(2] 3 |
00 ——>» 4 &
01 -

2
10 \\T‘ 5
11

(2]

2

2 ]

7

Insert 20:

(3] 3]
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011 \
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