Database Management and Warehousing: ER-model, relational model: relational algebra,
tuple calculus, SQL, integrity constraints, normal form, file organization, indexing, data
types, data transformation such as normalization, discretization, sampling, compression;

data warehouse modelling: schema for multidimensional data models, concept hierarchies,
measures: categorization and computations.
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Foreign key Primary key

cid grade| sid N_ / ~ sid name login

Carnaticl01 C | 53831\ 50000 | Dave dave(@cs

e —— F & B

Reggae203 B 'y 7 | 53666 | Jones jones(@cs
Topologyl12) A | 53650 - " | 53688 | Smith smith(@ee
History 105 B | 53666 ~ 153650 | Smith smith(@math

| 1 . 5 S — |
# - o od O IViauld y ¢ daVe I 3
/ | O ~— !\ OS50 | | | Madayan | madayan@music |

* 1 53832 | Guldu guldu@music

Enrolled (Referencing relation) Students (Referenced relation)
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EMPLOYEE
Fname Minit Lname

—
John B Smith 123456789 | 1965-01-09 | 731 Fondren, Houston, TX| N 30000

t - - —

Frankln Wong 333445555 | 1955-12-08 | 638 Voss, Houston, TX V 40000
[ Alicia Zelaya 1968-01-19 | 3321 Castle, Spring, TX 60 987654321
| . - -u 1 — q " »

Jennifer Wallace | 987654321 | 1941-06-20 | 291 Berry, Bellaire, TX 43000 |BBB665535

T
J
S
Ramesh K Narayan | 666884444 | 1962-09-15 | 975 Fire Oak Hu 8, 1A | N 38000 | 333445555
A
V
=

| Jovce
‘ ,
| Ahmad

english | 453453453 | 1972-07-31 | 5631 RiceA9ouston, TX 25000 |333445555
Jabbar 987987987 | 1969-03-29 | 986-Dallas, Houston, TX VM (25000 |987654321

| ].:i_l".f"li.':h

888665555 37- ) | 450 Stone, Houston, TX 55000 |INULL

DEPARTMENT DEPT_LOCATIONS

l Dname W_ MH[ Sen Mqr start DF‘ILJTT'It']f.:‘.-r. Dlocation

Research . 333445555 19B8-05-22 1 | Houston
2 - - + | +

Administration ' OB7654321 1995-01-01 - Stafford

Headquarters 888665555 19081-06-19 | 5 | Bellaire
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CREATE TABLE\Enrolled\( sid  CHAR(20).
~—/ ¢id CHAR(20),
grade CHAR(10).
PRIMARY KEY (sid. cid).
FOREIGN KEY (sid) REFERENCES Students
ON DELETE CASCADE
ON UPDATE NO ACTION )

¢fEﬁhﬂf{ffyt:-—-gféfiigzl' \/adue o) djc ik
gdl | Snowe digeick | stute Julnites e
vmfyb Stote
o A&MM :.Sdlﬂi‘e-"
clislric - p——
e

om0
‘\v.:tcl‘*?\t@ ([AD’ Hon £y stude =13 siade-
L/ A ‘
WE-SH, Jickick ,me};mﬂ/gz deddmiles def/
b) Slele 1S ’k’“mmaﬂ%

> diskick —> she



G4 |neme | inaks
oD \ ’3 50
/01 \ b 20
108 \ & L0
0% a zD

Given an instance of r(R)] we say that the instance satisfies the functional

y a — B if for all pairs of tuples f; and £, in the instance such that

hla] = b|lal, itis also the case that {;|B] = &[B].

We say that the functional dependency &« — B holds on schema r(R) if, in
every legal instance of r(R) it satisfies the functional dependency.

Consider the relation instance and functional dependencies below. Which of these FDs hold on the
instance and which do not?

XA - B \/1 -l XB - C
XB-A JVC-A XC-»B
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I

Recall that a legal instance of a relation must satisfy all specified ICs, including all
specified FDs. As noted in Section 3.2, 1Cs must be identihed and specihed based on
the semantics of the real-world enterprise being modeled._By looking at an instance of
a relation. we might be able to tell that a certain FD does neot hold. Howeyer, we can
never deduce that an FD does hold by looking at one or more instances of the relation
because an FD, like other ICs, is a statement about all possible legal instances of the

I'I‘IHT EII M.

¥ LTS } ) "”:l‘l'l"l. as 1.\ !' If|l FITLLITLES

Given the following relation instance.

Which of the following functional dependencies are satnsfied by the instance?

A XY 3 ZmdZ YY)
B YZ—XandY > 2

C.YZoaXadX—=2ZX
D XZ—->YadY — :‘:}{_

Some functional dependencies are said to be | because they are satis-
fied by all relations. For example, A A is satisfied by all relations involvi INg
attribute A. Reading the definition of Iumtmnﬂ dependency literally, we see that,
for all tuples t md t, such that H[A] = b[A], it is the case that H[A] = b[Al.
Similarly, AB — A s satisfied by all relations involving attribute A. ]n general,
a functional dependency of the form a — B is t it B C o
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A—Bc RCQ By & O)

(a)

CME_DEPT .
Ename Ssn | Bdate | Address | Dnumber | Dname | Dmgr_ssn
A A A A A A

(b)
EMP_PRO)J

Ssn | Pnumber | Hours ' Ename | Pname ' Plocation
FD1 . A : A . 1)155.[\} Pnumbﬁ] — HEWUG’E

FD2

Ssn —> Frame
P by — 4’?“““9 Plpm‘ﬂa

For the relation Apply(SSN,cName,state,date,major),

what real-world constraint is captured by SSN,cName — date? Consider a relation R(A,B,C,D,E) with funcﬁ{;?al dependencies:

alMAS C
AB-C—32—="" MV
CD-E — Y3 — 7\ Mi‘i UW‘V‘R E

Suppose there are at most 3 different ualugs_m_gmg{_wfi

A student can only apply to one college.

A student can apply to each college only once.

E_What is the maximum number of different val_ues forE?

A student must apply to all colleges on the same date.

\/Euery application from a student to a specific college

Fun fimal  dependeruies —= | aws

- hove.  Adelined. oNeX schema.
s Ll i > calijes all i datr we T d

[ Ransi bivi oW
W % X1 P 1=

2 G MXZ”? Vz o U2 =
Y —=>Y




Reflexivity: f Y C X, then X - Y
Augmentation: f X - Y ,then XZ - YZ
Transitivity: If X - Y and Y — Z, then X — 2

e Union. f X ->Yand X - Z. thon X - Y~Z

e Decomposition: If X - YZ,then X - Y and X — Z

Pseudotransitivity: If X — Y and WY — Z, then WX — Z

Composttion: f X - Y and Z2 —- W. then XZ - YW
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{ Closure (ty A b M pr-;;.:- Lﬂ ,B,Cl Dfﬁ
Given a set of functional dependencies F. and a set of attributes X, the B ——9[_,- +

BC = h B¢ 07)

tribut
closure of X with respect to F, written X, is the set of all the attributes
whose values are determined by the values of X because of F. Often, if F Oc-" —5 O
is understood, then the closure of X is written X ™. C -t
6= g <o

b In R[RIS}CJD;E" IP> a#'l\’ﬁ‘fl F’J\D} = ‘AB‘—BCJ RC—2RD 02 E L CF—B
whak (s {ﬁf%* ) ‘Lﬂ,@]*—/ﬁ‘ 6/'3(] B, )0, E’]

4
MGW] = “‘1[2" D &‘B
1c following functional dependencies are given

AB—-CD,AF5D,DE-F,C->G,F->E,G— J A fb
\B — CD, AF — D,DE — I LC[PB .___-;_Lf;lFlﬁ]fB{piIO

Which one of the following «

\ {CF)* [ A % ,:FL“':I)\ h 0. ‘I)
s ey~ fAncoes BT = R840 O

'} I

v

C. {AF}" = {ACDEFG
D. {AB}" = {ABCDG
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A
Example. Consider a table R(A, B, C,(D)] and that
F={A>BB->CI %

@ A s not a candidate key, because A™ = { A, B, C} which does not
include D.

@ ABD is not a candidate key even though ABD™ = {A,B.(C,D}.
This is because AD™ = {A, B, C, D}, namely, there is a proper
subset AD of ABD such that AD™ includes all the attributes.

@ AD is a candidate key.

R( A2 DB A RE |

e f . o—>E ‘ dl
FV\D: le,_g >c, hE—D L e CK shouk

%

b R (o efl) o FURESC | Lol oF

cP DE

EE—> ¢
Fn > E

pE &
RC —>ft




Part 1 - Functional Dependencies and Norms
1. 25% Given the relation:

* R(A,B,C,G,H,I

And the functional dependencies:

e A BCG
e BC - GCH
e (@
e (b + A
e ("1

Answer the following questions and show vour work

(a) Find {B}*
(b) Find {G}"

(¢) What are the super keys’




Consider the relation scheme ﬁ’

(E.F.G,H,I,J,K,L, M, N) and the set of functional dependencies

AL JY{E,H} = {K,L},{K} — {M)},{L} — {N}}
on K. What is the key for R?

\. {E, F}

B. {E,F, H)

c. {E,F,H,K,L)
D. {E}

For each relational schema given below and its corresponding functional dependencies (FDs):

oo o RIA,B,C,D): AB->C,C ->DandD - A

L e RIAB,C,D): AB—-C,BC—-DandCD - Aand AD - B

(. ® RA,B,C,D,E): AB-C,C—-D,D—-BandD - E

answer the following questions (for each of the above three cases separately):

1. (10 Points) find all candidate keys of the relation.

A. A functionally determines B and B functionally determines C

B. A functionally determines B and B does not functionally determine C
L&~ B does not functionally determine C

D. A does not functionally determine B and B does not functionally determine C

\
S\
-
S
-
(—\
I
=
o
o=
aN
N

1 FhD _ a0, D>E 6!’—’5'55
\_ﬂt{)djfl//’j) ]qu - can o dﬂﬂ/l\(@fﬂ/ = Lﬂ@%&,BL% 0 J

o\ we |
ﬁ%‘f Eple F= L],q_gb) b%(}l L ) 2oL
Wp-}wefimve/ o—=>C [Lm;.:-i;,)
éﬁa‘ FDSPJL’ F = iq%b,b—)cf&
W F, We (o nob }flfj‘?g =>4




Consider the relation R(A,B,C,D,E) and the set of functional A‘ B ‘. D j
dependencies S1 = {AB —+ C, AE ~ D, D -+ B}. AD - ] ) /

Which of the following sets S2 of FDs does NOT follow from S1?

52 = {AD - C} @Ej'?,_ Z)/)f-]—]B/ &JD/ E’i

$2 = {AD - C, AE - B}

= {ABC - D, D - B} [/ (ﬂ/@ﬁi)*-? 11 AISJCE
= {ADE - BC) @B)’Iﬂ? [\Q’JB) < D, EDJ

< %jc /aidw”"“”‘éﬁﬂp

e c0, 6 F 5‘5 =K
. (&G}\ _ 6/&'( 21 V) Y
2. (15 points) Given a set of functional dependencies ¥ = {AG->B.B->CD,BD -> E, \ . 2 -
CE -> F} over R = ABCDEFG. __, e PR @> Yej, !k 15 fﬂ%

- e > k= ck

(a) Prove Ill.‘ﬂ“ F =AG- BDF (Thas also means that F logically imphes AG -> BDF. o
AG -> BDF can be deduced from F).

(b) Compute (E+. (X is the set of all attributes A for which X -> A can be deduced fron
F.)

(c) Find a key of R.




Example. Assume that there are 4 attributes A. B. C. D, and that
F={A— B,B— C}. Then, (F")includes all the following FDs:

A—A A
AB — B, AB

»B,A— (C, B
» C, AC

AD — C, AD — D, BC

» B, B
» A, AC
» B, BC

» B, AC
» C, BD

» C,C—->C, D
» C, AD

» B, BD

' D, AB — A
» A, AD —.B,
» C, BD - D,

CD—- C,CD— D, ABC —- A, ABC — B, ABC — C, ABD — A,

ABD
ABCD

cose. Qi Whe) ]LH‘;]:_..a

le- LIS hag mly,

8 abwibubes

» B, ABD — C, ABD
» A, ABCD — B, ABCD

n
AB’P?LAiErLBFﬁFFDQ Lrg? ?04

&c'r?e/ﬁcr@,féﬁ >
Ao = A ,@m} - (S

pC 7 hed = 3
) ——-'-ILBVG(DB? 7/

» D, BCD
» C, ABCD — D.

» B, BCD — C, BCD — D,

=
y

Case b
Cose. 5 )LH&\; > /M?: lzﬂﬂ,CQB
AQ(/J( A,B,«C’)l — i /t,[{ Fqu = \5
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[f several sets of FDs qualify as minimal covers of E by the definition above,
customary to use additional criteria for minimality. For example, we can choose the
minimal set with the smallest number of dependencies or with the smallest fotal

length (the total length of a set of dependencies is calculated by concatenating the

dependencies and treating them as one

long character string).
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Let & and 5 be sets of attributes such that « — [ holds, but 5 — o does not hold.
Let A be an attribute that is not in o, is not in 3, and for which 7 — A holds. We say

that A is transitively dependent on o« .
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The following statements are all equivalent. They all define what
2NF is about.

e Arelation is in 2NF if every nonprime attribute is fully
functional dependent on every candidate key.

e Arelation is in 2NF if there does not exist an FD X = y such
that y is a nonprime attribute and X is a proper subset of a
candidate key.

e Arelation is in 2NF if there does not exist a nonprime attribute
y that is partially dependent on any candidate key.
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Consider a table/Relation R has one candidate key,
then which of the following is always true?

(A)If Ris in 2NF, then it is also in BNF)L
B) If Ris in 3NF, then it is also in BCNF *
(CO)If Ris in 2NF, but it is not in 3NF

(D) None of the above.
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onsider the following relation with functional dependencies as shown belo

emhz_ ClC
{sno, sname, age, cno, cname, group} _-_:_ &D{f_ l}'ﬂf @;CJJ D / ["';q Fﬁg %
(A, B, C,D,E, F}
A B, C v ’5
o A= AR F
n which norn.-~! form is the relation Risin ? + 5'\
‘A) First normal form D — z’/ 7

B) Second normal form
'C) Third normal form
D) Boyce Codd normal form

GATE IT 2005 | Question: 22

asked MNov 3, 2014 -

X G

edited Oect 4, 2020 by Gatecse il 11,980 views

=

@ A table has fields Fy, F», F3, F4, F’; with the following functional dependencies

91
. Fl — Fg,Fg s F4, (Fl.Fg) — . FE,

In terms of Normalization, this table is in

A 1 NF
B. 2 NF
C.3 NF
D. None of these

F Fy .%qog_{—oe @U@& C\<

e = b Frrs el
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> Fhig —> N |
R QN T
Ce-

GATE CSE 1987 | Question: 2n

asked Nov 9, 2016 »

recategorized Apr 22, 2021 by Lakshman Bhaiya

il 6,681 views

@ State whether the following statements are TRUE or FALSE:

36

A relation r with schema (X, Y') satisfies the function dependency X — Y,
The tuples (1, 2) and (2, 2) can both be in 7 simultaneously. /M

GATE CSE 2020 | Question: 36

asked Feb 12, 2020 -

retagged Nov 30, 2022 by Lakshman Bhaiya

il 12,585 views

asked Nov 19, 2016 -

Consider a relational table R that is in 3N F’, but not in BCNF. Which one of the
following statements is TRUE?

29

A. R has a nontrivial functional dependency X — A, where X isnota
superkey and A is a prime attribute.

B. R has a nontrivial functional dependency X — A, where X is not a
superkey and A is a non-prime attribute and X is not a proper subset of
any key.

C. R has a nontrivial functional dependency X — A, where X isnota
superkey and A is a non-prime attribute and X is a proper subset of some
key

D. A cell in R holds a set instead of an atomic value.

GATE CSE 2007 | Question: 62,
UGCNET-June2014-II;: 47

asked Sep 21, 2074 -

89

®

28

D

edited Jun 9, 2021 by Soujanyareddy13

i 34,176 views

@ Which one of the following statements is FALSE?

A. Any relation with two attributes is in BCNF

B. A relation in which every key has only one attribute is in 2NF

C. A prime attribute can be transitively dependent on a key in a 3 NF relation

D. A prime attribute can be transitively dependent on a key in a BCNF
relation

98

W GATE CSE 1990 | Question: 3-

O,

W

i 22,449 views

edited Apr 17, 2021 by Lakshman Bhaiya

Indicate which of the following statements are true:

A relational database which is in 3NF may still have undesirable data redundancy
because there may exist:

A. Transitive functional dependencies

B. Non-trivial functional dependencies involving prime attributes on the right-
side.

C. Non-trivial functional dependencies involving prime attributes only on the
left-side.
D. Non-trivial functional dependencies involving only prime attributes.

A relation is in 3N F if it is in 2N F' and no non-prime attribute should be
determined by anything but a super key (no transitive dependency). This means
3N F still allows FDs like A — B, where A is not a super key as long as Bis a
prime attribute. That is, a proper subset of some candidate key (which means
some combination of prime attributes) determining some other (if its same it
becomes trivial) prime attribute(s).

Reference:
Now lets see the options

A. Transitive functional dependencies
Is possible in 3N F' as long as RHS is a prime attribute.

. Non-trivial functional dependencies involving prime attributes on the right-
side
Possible as explained above. But any attribute(s) determining a prime
attribute automatically becomes a prime(s) attribute implying the left-side

here must also be prime-attribute(s). K Qeﬂg N

. Non-trivial functional dependencies involving prime at{jibutes only on the
left-side

0 - .
Not possible in 3N F $ GWKW“U’\- ‘_f}eﬁb\/\j

D. Non-trivial functional dependencies involving only prime attributes
This is possible and infact same as option B as explained for option B.




GATE

CELCH U W RN cdited Jun 21, 2021 by Lakshman Bhaiya

CSE 2012 | Question: 2

@ Which of the following is TRUE?

iz

A. Every relation in 3NF is also in BCNF

B. A relation R is in 3NF if every non-prime attribute of R is fully functionally
dependent on every key of R

C. Every relation in BCNF is also in 3NF

D. No relation can be in both BCNF and 3NF
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15.1.1

Storing the same information redundantly, that is, in more than one place within a
datal

Problems Caused by Redundancy

ase, can lead to several problems:

Redundant storage: Some information is stored repeatedly.

Update anomalies: If one copy of such repeated data is updated, an inconsis-

tency is created unless all copies are similarly updated.

Insertion anomalies: It may not be possible to store some information unless

some other information is stored as well.

Deletion anomalies: It may not be possible to delete some information without
losing some other information as well.

The essential idea is that many problems arising from redundancy can be addressed
Fach of th
relations contains a (strict) subset of the attributes of the original relation. We refer

by replacing a relation with a collection of ‘smaller’ relations. e smaller
to this process as n"r'rrJH.f;n:-.w.r!'.em.' of the larger relation into the smaller relations.
We can deal with the redundancy in Hourly_Emps by decomposing it into two relations:

Hourly _Emps2(ssn, name, lot, rating, hours_worked)

Wages(rating, hourly_wages)




Detomposihion

Two properties of decompositions are of particular interest.

The lossless-join property enables us to recover any instance of the
decomposed relation from corresponding instances of the smaller
relations.

The dependency preservation property enables us to enforce any
constraint on the original'relation by simply enforcing some constraint
on each of the smaller relations. That is, we need not perform joins of

the smaller relations to check whether a constraint on the original

relation is violated. —~

® Each new relation scheme contains a subset of the attributes of

R, and

® Everv attribute of R appears as an attribute of at least one of the
new relations.
Definition

The decomposition of a schema R=A,...A_1s its replacement by a collection
D.={R,R,, ....,R_} of subsets of R suchthat R=R, UR, U ... UR |
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Let R(A, B,C, D) be a relational schema with the following functional dependencies :
A—- B B—-C,C— Dand D — B. The decomposition of R into (A, B),(B,C), (B, D)

—

oin, and 1s dependency preserving

l.h"-.]L‘\'\ |
gives a lossless join, but is not dependency preserving

Example 3.24: Consider the relation R(A, B,C, D) with the FD B —» AD
and the proposed decomposition {A, B}, {B,C}, and {C, D}. Here is the initial
tableau:

Example 3.22: Suppose we have relation R(A, B,C, D), which we have de-
composed into relations with sets of attributes S; = {A, D}, S, = {A,C}, and

Ss = {B,C, D}.

suppose the given FD’s are A - B, B =+ C, and CD — A.




Exercise 3.4.1: Let R(A, B,C, D, E) be decomposed into relations with the
following three sets of attributes: {4, B,C}, {B,C, D}, and {A,C, E}. For each
of the following sets of FD’s, use the chase test to tell whether the decomposition
of R is lossless. For those that are not lossless, give an example of an instance
of R that returns more than R when projected onto the decomposed relations
and rejoined.

a) B~ E and CE — /
b) _’E__—l_{l__c;nd JEC:_}J_L

c) ;lj_ﬁ, D —}_'E, and E:__Q

d) A—-D,CD—=E, and E = D.

! Exercise 3.4.2: For each of the sets of FD’s in Exercise 3.4.1, are dependencies
preserved by the decomposition?
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Consider a schema R(A, B,C, D) and functional dependencies .
Ri(A, B) and R2(C, D) is

A. dependency preserving and lossless join
B. lossless join but not dependency preserving

C. dependency preserving but not lossless joi

D. not dependency preserving and not lossless join
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Consider the relation R(P,Q, S, T, X, Y, Z, W) with the following functional dependencies

PQ—=X; P=YX; Q—=Y; Y —=ZW
.—l-"'"--_-.

Consider the decomposition of the relation & into the constituent relations according to the following two decomposition schemes

= |(PQ5T); (P,.T,X); (QY); (Y,Z,W)
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Relation R with an associated set of functional dependencies, F, is decomposed into BCNF. The redundancy (arising out «
functional dependenc - in the resulting set of relations 1s

CQ?.L‘H:

L)
B. More than zero but less than that of an equivalent 3N F decomposition ——> | {) Y

C. Proportional to the size of F
D. Indeterminate
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Another goal is to have each individual relation R; in the decomposition D be in

BCNF or 3NF. However, this condition is not sufficient to guarantee a good data- M Example 3.17 suggests that perhaps all we have to do is break a relation schema
base design on its own. We must consider the decomposition of the universal rela- [linto two-attribute subsets, and the result is surely in BCNF. However, such
tion as a whole, in addition to looking at the individual relations. To illustrate this an arbitrary decomposition will not satisfy condition (2), as we shall see in
point, consider the EMP_LOCS(Ename, Plocation) relation in Figure 14.5, which is in M Section 3.4.1. In fact, we must be more careful and use the violating FD’s to
3NF and also in BCNF. In fact, any relation schema with UI'I]}' two attributes is auto guide our d[jcgn]pggjtifjn_

matically in BCNFE.” Although EMP_LOCS is in BCNF, it still gives rise to spurious

tuples when joined with EMP PRQOJ (Ssn, Pnumber, Hours, Pname, Plocation), which is
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Example 3.19: Consider a relation with schema
T v S P A

{title, year, studioName, president, presAddr}

hat is, each tuple of this relation tells about a movie, its studio, the president
of the studio, and the address of the president of the studio. Three FD’s that
we would assume in this relation are

title year — studioName K ] “f —
studioName — president ™ -
president — presAddr




For some rvl;uimh, there is NO way to
- M S——

get all three following properties at once:

1. No redundancy due to FDs i.e. BCNF

2. Recoverability of Information i.e.
Lossless Decomposition

3. Preservation of Dependencies

2NE D&comFosfhw—*’ S\gmhesr‘s At(g(fUPam %Alw%s Jossless - DQ?HW j%e*’““?

—> Obvieus Mgfﬂm ’9;;@;% oi%é“

© Find minimal co&s ofy FOs

h
@ In Fo: il QWS is some  tan MEge A F oo

@ Fa’-ﬂ aU&LJ, Ep ¥ —>Aka Moke o dable J?CX#;H&)

Qelakion slep 3 b some. K of He otiginal Wedion B
@'b“”“%hm ;{:TMM ote  spStbe. gelahm 43 ik I
Joke 24

@ " %9?’ ome. 1) E;&R\S ot delde Ry

P\LH@ODE’> W F. L AR, c—B  A->D) find 3NF deonpes

-

She poitt ot o RHS A
i E‘l 5
—>NXE — t’,p‘fD} ﬂc%_—’j
%[A;)B\)'f:"f {ﬂuﬁrCthE’jﬁRl)ﬁ’% L . — G
K + fgt—-—%D
S (kO™ = _) :
- Do P 7 R ) es(A0) P Lhe?
_75 A—%D [-S Cu prla/hw ﬁ\(ﬂ@() r&a LC
|
lpeg) — 3NE
g lare) t&z@c‘b cull > oxless
Fo flesaiet
r--———JD e T AcNE, Hen S\ar\u«ms o\ljml/ﬂm N net  doke  (f hy B¢
i

' n'ab(_,
0(.)5‘& /59 a,bt gwb }.MMS w
. Ihe %0‘”‘“ o —2> % \
cos o a6

o be w M 4FT X | sk

/5%5"13 5‘2(”’"‘}5



Minmald (oVR Aoe
2. l--"*i'”'-” a lossless _1“'“ and '1*‘['H"|I*.IE‘IH N [ZlI'l"ﬁ*'I'\ill‘f ‘l"lllIII.[ilrw.ll.I'lli of ’/EBL/@/ PF_':-\"B "":.)
I ]rlTiHIt =i ill'llldl !.Ij I,ll. f-':‘,l" 1, 1”'. ;" fl.i }r‘-.. .lllt_ill'il||l|| ( 'HH.-;!H.M ;\[ as C—- ﬂr’a 4"
suming the FDs {A > BCD,BC - DE.B > D, D —» A} hold on R. B&)}DB ‘ﬂt ; N c
Note that this requires showing (a) a minimal cover, and (b) a proof > D =+ /V @C—""'b
that one of the relations in the decomposition contains a candidate key. B gﬁ,.-"':?D 8_9 D
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3NF, BCNF, 4NF, and beyond

Anomaly/normal form INF BCNF iNF
Lose FD's? No Possible Possible

RL‘LlumlamL'}' due to FD’s Possible NO No

Redundancy due to MVD’s Possible Possible No

& Of historical interests

® INF: All column values must be atomic

Q: A Decomposition D of Relation R (with FD set F) is!

dependency preserving then:

A. Each dependency of F can be Enforced by dealing
with an individual relation in D.

B. Each dependency of F can be Enforced combining one
or more than one relations of D But may not be
enforced by individual relations of D.

C. We need to Join all relations of D to Enforce
dependencies of F.
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Q: A Decomposition D of Relation R (with FD set F) is|
NOT dependency preservigg then:

A. Each dependency of F can be Enforced by dealing

with an individual relation in D.

B. Some dependencies of F may be Enforced by dealing

with an individual relation in D.

C: Some dependencies of F need join of one or more
relations of D to enforce them. \—

D. All dependencies of F need join of one or more

relations of D to enforce them.
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For a database relation R:

* Every BCNF Decomposition is Lossless &
Dependency Preserving. .oy

* Some BCNF Decomposition is Lossless &

Dependency Preserving. \ -
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GATE CSE 1994 | Question: 3.6

Apr 25, 2021 by Lakshman Bhaiya
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C. Both S1 and §4
D.Both S2and S3 . —

Conteptual Schema

Database




Wha+ lnts/ physical da+a migperndence /dllow +he database almirustrator 40 407

QO Charee +he conceptual schema without charwra +he internal schama X

B) Chanae +he internal schema without changng +he conceptual schema)
) Charwe +he ex+erna schema without charnsng +he conceptual schema

O Charwe +he application programs without Chaneny +he intermal schema

Consider the following relational schemes for a library database

with the following functional dependencies

. Title Author —+ Catalog no
1. Catalog no — Title Author Publisher Year

l1l. Publisher Title Year —+ Price
Assume { Author, Title } is the key for both schemes. Which of the following statements is true?

. Both Book and Collection are in BCNF
oth Book and Collection are in 3N F only

ook 15 in 2N F and Collection in SN F \/

oth Book and Collection are in 2.V F only

For a database relation KH(a, b, ¢, d), where the domains a, b. ¢, d include only atomic values, only the fo

functional dependencies and those that can be inferred from them hold

https://gateoverflow.in/2265/gate-cse-1997-question-6-

e A ——

A_ in first normal Torm but not in second normal form \/'

cond normal form but not in first normal form

C. in third normal form

D. none of the above

LV, W, XY, Z) and the set of functional dependencies

PV, U-> W WX -2Y WX 2,V - X}

Which of the following f

% VW — YZ
BWX YZ
CVW-=U

|/C:- VW - Y

Relation R has eight attributes ABCDEFGH. Fields of R contain only atomic values. F'=

{CH-G, A-BC, B—+»CFH, E—A, F-EG} is a set of functional dependencies (F' Ds) so that
F'* is exactly the set of F'Ds that hold for R

How many candidate keys does the relation K have?




L (X,Y) = (Z, W) implies X
L (X,Y) = (Z. W) implies |
(X, Y) > Zand W
) (X —=>YandY — Z) imp

A functional dependency F' : X — Y is termed as a useful functional dependency if

satisfies all the following three conditions

L x IIE‘ r‘:lT '|'" l:‘ P:’.'r'!']Ft'-.:l.- '._"*:l*
L] ‘I* s PIT ‘rl‘ r*I'Tl[f-I,- ‘-.[-f'

« Intersection of X and Y is the empty set

or a relation R with 4 attributes, the total number of possible useful functional dependencies is

!! Exercise 3.1.3: Suppose R is a relation with attributes A, A,,... ,. A,.. Asa
function of n, tell how many superkeys R has, if: iy | :

n-\

a n

a) The only Lu is A,. 9 — a =

-\ -
NP AR
b) The only keys are A; and A,. —> 0
- s
¢) The only keys are {A,, A2} and {A3, A4}. > af\~9*+a“ 4 &

d) The only keys are {A,, A2} and {A,, A3}.

! Exercise 3.2.4: Show that each of the following are not valid rules about FD’s
by giving example relations that satisfy the given FD’s (following the “if”) but
not the FD that allegedly follows (after the “then”).

a) If A — Bthen B o A. Y~
b) f AB—-C and A- C, thenB—-}C.%
¢) If AB—C,then A Cor B—C. X

fn - A

! Exercise 3.2.5: Show that if a relation has no attribute that is functionally K (P}Pra . ﬂn)

determined by all the other attributes, then the relation has no nontrivial FD’s h ctau(\ A' A. 3 Pfg 9500
at all. H o A2 55 A D "/ O %




In a relational database relation, we say a non-empty set of attributes X is closed (with respect to a given set of functional dependencies
FD) if X © = X (where X "is the closure of X ). Consider a relation with schema R{A, B, C, D) and an unknown set of FD's.

If we are told which sets of attributes are closed, we can discover the FD's.
Assume that the only closed sets are { A, B}, {A,B,C,D}.
Which of the following is/are true for 7

vA. The number of candidate keys is 2. ﬂl_ -

B v i i is 2 !
— ‘2, A | ‘/3 The number of non-prime attributes is 2.
C

’\J . Risin2NF.
A~ 2 D. Risin 3NF.
E) — ‘va-t.

Consider a relation with schema R(A,B,C,D) andFD's AB — C,C — D,and D — A.
What are all the nontrivial FD's that follow from the given FD’s ? You should restrict yourself to FD's with single attributes on the right side.

Case |° | WS | aibube- | LHS 2 afbite LHS 7 allabue- |
AR > AeL =P = [ PO

C—o0 7
ey, ABD > &
Do A ocp — A

=1

BC = R®&
ABC -.—.:*-—,Q@

Consider a relation with attributes R(A, B, C, D, E) that satisfies the following functional dependencies: — A BDJ('" i Arc DE
AC—-B -
BD — C ABE ;—;@FIEI%
. 2 ; | ‘ ' \
Consider a relation with attributes R(A, B, C, D, E) that satisfies the following functional dependencies: — A BD*‘-' i ARl D E‘3 =F. &%
n——

AC— B
BD — C _ ABE f’ﬁﬂg”%

DA - E A@p"‘";: i«A géDEﬁ = K @

N +_ L QRCDEY=
What is the number of keys that contain the attribute A? \ﬂfD — Z A DE?} ﬂ'éé = 6 ﬂ 7.—) \E@

E— 1)




