EIIA 342 Baoeiwg Agdopévov
Awvaokov: I'. Xapdapag

5n oepa aoknocwv: Xvovaptnowokés ECaptioei ko Kavovikonoinon.

Avoeg

Mépoc A. Xvvaptnookéc EEoptnosic

1. Amodci&re 1 Owwyevoste TOVg 0KOAOVOOVS Kavoves. Mmopeite va
AP OCLUOTOU)GTE TOVS KAVOVES TOV Armstrong 1) vo. dMGETE AVTUTOPAOELY 0.

a. {W2Y,X2>Z} |= {WX>Y}
b. X2Y}kwZCcY F{X>Z}

{X2Y,X2>W, WY>Z} |= {(X>Z}

(XY2>Z, Y2 W} = {XW>Z}

{(X2Z,Y2>Z} |- {X2Y}

X2Y, XY2>Z} = {X>Z}
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Answer:

(a) {W ->Y, X ->Z} |= {WX ->Y } Proof:

(1) W ->Y (given)

(2) X ->Z (given)

(3) WX ->YX (using IR2 (augmentation) to augment (1) with X)
(4) YX ->Y (using IR1 (reflexivity), knowing that Y subset-of YX)
(5) WX ->Y (using IR3 (transitivity) on (3) and (4))

(b) {X ->Y} and Z subset-of Y |= { X ->Z } Proof:

(1) X ->Y (given)

(2) Y ->Z (using IR1 (reflexivity), given that Z subset-of Y)
(3) X ->Z (using IR3 (transitivity) on (1) and (2))

©) {X->Y,X->W, WY ->Z} |= {X ->Z} Proof:

(1) X ->Y (given)

(2) X ->W (given)

(3) WY ->Z (given)

(4) X ->XY (using IR2 (augmentation) to augment (1) with X)
(5) XY ->WY (using IR2 (augmentation) to augment (2) with Y)



(6) X ->WY (using IR3 (transitivity) on (4) and (5))
(7) X ->Z (using IR3 (transitivity) on (6) and (3))

(d) {XY ->Z,Y ->W} = {XW ->Z}
Disproof: XY Z W
tl=xlylzlwl
t2=x1ly2z2wl

The above two tuples satisfy XY ->Z and Y ->W but do not satisfy XW ->Z

(©) X ->Z,Y ->Z} |- (X ->Y}

Disproof: X Y Z

tl=xlylzl

t2=x1y2zl

The above two tuples satisfy X ->Z and Y ->Z but do not satisfy X ->Y

) {(X->Y, XY ->Z} |= {X ->Z} Proof:

(1) X ->Y (given)

(2) XY ->Z (given)

(3) X ->XY (using IR2 (augmentation) to augment (1) with X)
(4) X ->Z (using IR3 (transitivity) on (3) and (2))

2. Ozopeiote To 0KOAOVOO GVVOLA CLVOPTNOLOKAV EEAPTNOEDV:

F={A>C, ACS>D, E>AD, E>H} kamt G={A>CD, E>AH}.

1G00VVO LT

Answer:
To show equivalence, we prove that G is covered by F and F is covered by G.
Proof that G is covered by F:

{A} +={A, C, D} (with respect to F), which covers A ->CD in G

{E} +={E, A, D, H, C} (with respect to F), which covers E ->AH in G

Proof'that F is covered by G:

{A} +={A, C, D} (with respect to G), which covers A ->C in F

{A, C} +={A, C, D} (with respect to G), which covers AC ->D in F

{E} +={E, A, H, C, D} (with respect to G), which covers E ->AD and E ->H in F

Eivon

3. Oczopeiote 10 oynuoe EMP DEPT g sewovog 14.3(a) (o6 7o
EMGVVATTONEVO PUAAGOL0) KOL TO GVVOAO GLVOPTNOLKAOV gEapTioenwv G =
{SSN>{ENAME, BDATE, ADDRESS, DNUMBER},
DNUMBER—>{DNAME, DMGRSSN} }. Bpsite 115 kherototnreg (closures)

TV {SSN}+ ko {DNUMBER}+ o€ 6yéon pe to G.

Answer:
{SSN} + ={SSN, ENAME, BDATE, ADDRESS, DNUMBER, DNAME, DMGRSSN}
{DNUMBER} + ={DNUMBER, DNAME, DMGRSSN}



4. Eivol 10 60voro ocvvaptnolokoyv eapticeov G g Tponyodpevng GoKnong
ehdyroto (minimal); Av 0y1, 06TE £va €LAYLGTO GUVOLO 1600VVONO pE T0 G
(amodeilte 0T givar 1oodvvapo pe 1o G).

Answer:

The set G of functional dependencies in Exercise 4 is not minimal, because it violates rule 1 of minimality
(every FD has a single attribute for its right hand side).

The set F is an equivalent minimal set: F= {SSN->{ENAME},SSN->{BDATE},

SSN->{ADDRESS}, SSN ->{DNUMBER! , DNUMBER ->{DNAME!}, DNUMBER->{DMGRSSN} }

To show equivalence, we prove that G is covered by F and F is covered by G.
Proof that G is covered by F:
{SSN} += {SSN, ENAME, BDATE, ADDRESS, DNUMBER, DNAME, DMGRSSN}
(with respect to F), which covers SSN ->{ENAME, BDATE, ADDRESS, DNUMBER} in G
{DNUMBER} +={DNUMBER, DNAME, DMGRSSN}

(with respect to F), which covers DNUMBER ->{DNAME, DMGRSSN} in G

Proof'that F is covered by G:
{SSN} += {SSN, ENAME, BDATE, ADDRESS, DNUMBER, DNAME, DMGRSSN}

(with respect to G), which covers SSN ->{ENAME}, SSN ->{BDATE},

SSN ->{ADDRESS}, and SSN ->{DNUMBER} in F
{DNUMBER} + ={DNUMBER, DNAME, DMGRSSN}
(with respect to G), which covers DNUMBER->{DNAME} & DNUMBER->{DMGRSSN} in F

5. Howeg avopories evnuépmong mapatnpeite ot oyéseig EMP _PROJ kot
EMP_DEPT tov eikovev 14.3 kot 14.4 (0716 TO ETLGVVOTTONEVO QUAAGOL0);

Answer:

In EMP_PROJ, the partial dependencies {SSN}->{ENAME} and

{PNUMBER}->{PNAME, PLOCATION} can cause anomalies. For example, if a PROJECT temporarily
has no EMPLOYEEs working on it, its information (PNAME, PNUMBER, PLOCATION) will not be
represented in the database when the last EMPLOYEE working on it is removed (deletion anomaly). A new
PROJECT cannot be added unless at least one EMPLOYEE is assigned to work on it (insertion anomaly).
Inserting a new tuple relating an existing EMPLOYEE to an existing PROJECT requires checking both
partial dependencies; for example, if a different value is entered for PLOCATION than those values in
other tuples with the same value for PNUMBER, we get an update anomaly. Similar comments apply to
EMPLOYEE information. The reason is that EMP PROJ represents the relationship between
EMPLOYEEs and PROJECTs, and at the same time represents information concerning EMPLOYEE and
PROJECT entities.

In EMP_DEPT, the transitive dependency {SSN}->{DNUMBER}->{DNAME, DMGRSSN} can cause
anomalies. For example, if a DEPARTMENT temporarily has no EMPLOYEEs working for it, its
information (DNAME, DNUMBER, DMGRSSN) will not be represented in the database when the last
EMPLOYEE working on it is removed (deletion anomaly). A new DEPARTMENT cannot be added unless
at least one EMPLOYEE is assigned to work on it (insertion anomaly). Inserting a new tuple relating a new
EMPLOYEE to an existing DEPARTMENT requires checking the transitive dependencies; for example, if
a different value is entered for DMGRSSN than those values in other tuples with the same value for
DNUMBER, we get an update anomaly. The reason is that EMP_DEPT represents the relationship between
EMPLOYEEs and DEPARTMENTS, and at the same time represents information concerning EMPLOYEE
and DEPARTMENT entities.



Mépoc B. Kavovikomoinon

6. Xe& mo koavoviki popon givar to oyqpo LOTS g ewkévog 1.(a) (amd to
EMGVVATTTONEVO QUAAGOW0) ©€ GYEGT PE TOVG OPIGHOVS TOV KAVOVIKAOV
ROPO®OV TOV VITOLOYILOVY POVO TO TPOTEV®V KAWL (primary key); Oa ftav
oTNV 1010, KAVOVIKY] HOP@1] AV YPICLUOTOLOVGUTE TOVS YEVIKOVS OPLOROVS TOV
KOVOVIKAV HOPpPAV;

Answer:
If we only take the primary key into account, the LOTS relation schema in Figure 1(a) will be in 2NF since
there are no partial dependencies on the primary key .

However, it is not in 3NF, since there are the following two transitive dependencies on the primary key:
PROPERTY_ID# ->COUNTY_NAME ->TAX RATE, and PROPERTY ID# ->AREA ->PRICE.

Now, if we take all keys into account and use the general definition of 2NF and 3NF, the LOTS relation
schema will only be in 1NF because there is a partial dependency COUNTY NAME ->TAX RATE on the
secondary key {COUNTY_ NAME, LOT#}, which violates 2NF.

7. Amoocilte 0TL KGOE oxéon pe povo dvo yopaktnprotTika givar o BCNF.

Answer:
Consider a relation schema R={A, B} with two attributes. The only possible (non-trivial) FDs are
{A} ->{B} and {B} ->{A}. There are four possible cases:

(i) No FD holds in R. In this case, the key is {A, B} and the relation satisfies BCNF.

(i1) Only {A} ->{B} holds. In this case, the key is {A} and the relation satisfies BCNF.

(iii) Only {B} ->{A} holds. In this case, the key is {B} and the relation satisfies BCNF.

(iv) Both {A} ->{B} and {B} ->{A} hold. In this case, there are two keys {A} and {B} and the relation
satisfies BCNF.

Hence, any relation with two attributes is in BCNF.

8. Ocmpeiote 10 axkérovBo oypua R = {A, B, C, D, E, F, G, H, I} ka1 To cvvoiro
cuvoptnowkdv efapticsov F = { {A, B}2>{C}, {A}>{D, E}, {B}>{F},
{F}2>{G, H}, {D}>{1, J} }. ITwo civan To kKAe1di Tov R? ArocvvOiote 10 R o¢
oyéoels 2NF, ko petd o€ oyéoeig 3NF.

Answer:

A minimal set of attributes whose closure includes all the attributes in R is a key. (One can also apply
algorithm 15.4a (see chapter 15 in the textbook)). Since the closure of {A, B}, {A, B}+ =R, one key of R
is {A, B} (in this case, it is the only key).

To normalize R intuitively into 2NF then 3NF, we take the following steps (alternatively, we can apply the
algorithms discussed in Chapter 15):

First, identify partial dependencies that violate 2NF. These are attributes that are functionally dependent on
either parts of the key, {A} or {B}, alone. We can calculate the closures {A}+ and {B}+ to determine
partially dependent attributes:

{A}+={A,D,E, L, J}. Hence {A} -> {D, E, L, J} ({A} -> {A} is a trivial dependency)

{B}+={B, F, G, H}, hence {A} -> {F, G, H} ({B} -> {B} is a trivial dependency)



To normalize into 2NF, we remove the attributes that are functionally dependent on part of the key (A or B)
from R and place them in separate relations R1 and R2, along with the part of the key they depend on (A or
B), which are copied into each of these relations but also remains in the original relation, which we call R3
below:

R1={A,D,E, 1,J},R2={B,F, G, H},R3={A, B, C}

The new keys for R1, R2, R3 are underlined. Next, we look for transitive dependencies in R1, R2, R3. The
relation R1 has the transitive dependency {A} -> {D} -> {1, J}, so we remove the transitively dependent
attributes {I, J} from R1 into a relation R11 and copy the attribute D they are dependent on into R11. The
remaining attributes are kept in a relation R12. Hence, R1 is decomposed into R11 and R12 as follows:
R11={D,L,J},R12={A,D, E}

The relation R2 is similarly decomposed into R21 and R22 based on the transitive dependency
{B} > {F} -> {G, H}:
R2={F,G,H},R2={B, F}

The final set of relations in 3NF are {R11, R12, R21, R22, R3}

9. Emavorafete tnv doknon 8 pe to 60voro ouvvapTnolokaOv eSapTiicE@V
G ={{A,B}>{C}, {B, D}>{E, F}, {A, D}>{G, H}, {A}>{I}, (H}>{J} }.

Answer:

To help in solving this problem systematically, we can first find the closures of all single attributes to see if
any is a key on its own as follows:

{Ajt > {A 1}, {B}+ -> {B}, {C}+ -> {C}, {D}+-> {D}, {E}+ -> {E}, {F}+-> {F},

{G}+ -> {G}, {H}+-> {H, J}, {I}+-> {I}, {J}+-> {J}

Since none of the single attributes is a key, we next calculate the closures of pairs of attributes that are
possible keys:
{A,B}+->{A,B,C, 1}, {B,D}+-> {B,D,E, F}, {A,D}+-> {A,D,G,H, L, J}

None of these pairs are keys either since none of the closures includes all attributes. But the union of the
three closures includes all the attributes:
{A,B,D}+->{A,B,C,D,E,F,G,H, I}

Hence, {A, B, D} is a key. (Note: Algorithm 15.4a (see chapter 15 in the textbook) can be used to
determine a key). Based on the above analysis, we decompose as follows, in a similar manner to problem

8, starting with the following relation R:

R={A,B,D,C,E F,G, H, 1}

The first-level partial dependencies on the key (which violate 2NF) are:
{A’ B} -> {C> I}s {B> D} -> {Ea F}> {A> D}+ -> {G, Hs Ia J}

Hence, R is decomposed into R1, R2, R3, R4 (keys are underlined):
R1={A,B,C,1},R2={B,D,E,F},R3={A,D,G,H,1,J},R4={A, B, D}

Additional partial dependencies exist in R1 and R3 because {A} -> {I}. Hence, we remove {I} into R5, so
the following relations are the result of 2NF decomposition:
R1={A,B,C},R2={B,D,E, F},R3={A,D, G, H,J},R4={A, B, D}, R5 = {A, I}

Next, we check for transitive dependencies in each of the relations (which violate 3NF).

Only R3 has a transitive dependency {A, D} -> {H} -> {J}, so it is decomposed into R31 and R32 as
follows:

R31={H,J},R32={A, D, G, H}

The final set of 3NF relations is {R1, R2, R31, R32, R4, R5}



