EXERCISES

7.1:| Suppose we have a database for an investment firm, consisting of the follow-

T.2:

7.3:

T4

1.5

ing attributes: B (broker), O {office of a broker), I (investor), § (stock}, Q

{quantity of stock owned by an investor), and D (dividend paid by a stock),

with the following functional dependencies: § — D, I — B, I§ — @, and

B—0.

a} Find a key for the relation scheme R = BOSQID.

b} How many keys does relation scheme R have? Prove your answer.

¢) TFind a lossless join decompesition of R into Boyce-Codd norma! form.

d} Find a decomposition of R into third normal form, having a lossless
join and preserving dependencies.

Suppose we choose to represent the relation scheme R of Exercise 7.1 by

the two schemes ISQD and IBC. What redundancies and anomalies do

you forsee?

Suppose we instead represent R by SD, IB, ISQ, and BO. Does this

decomposition have & lossless jein?

Suppose we represent R of Exercise 7.1 by 15Q, IB, §D, and I$0. Find

minimal covers for the dependencies {from Exercise 7.1} projected onto

each of these relation schemes. Find a minimal cover for the union of the

projected dependencies. Does this decomposition preserve dependencies?

In the database of Exercise 7.1, replace the functional dependency § — D

by the multivalued dependency § —— D. That is, D now represents the

dividend *“history™ of the stock.

a} Find the dependency basis of I.

b} Find the dependency basis of B8

¢) Find a fourth normal form decomposition of R.

m& Consider a database of ship voyages with the following atiributes: § (ship

m.\

¢}

name), T (type of ship}, V {voyage identifier), C (cargo carried by ong
ship on one voyage}, P (port), and D (day). We assume that a voyage
consists of & sequence of events where one ship picks up a single cargo,
and delivers it to a sequence of ports.” A ship can visit only one port in a
single day. Thus, the following functional dependencies may be assumed:
§—=T,V—=58C, and 5D — PV.

8) Find a lossless-join decomposition into BCNF.

b) Find a lossless-join, dependency-preserving decomposition into 3NF.
Explain why there i3 no lossless-join, dependency-preserving BNCF
decompaosition for this database.

7.7

@ Complete the proof of Lemma 7.1; i.e., show that the transitivity Bxiom

‘ Complete the proof of Theorem 7.2 by showing statement (*):

.‘Haﬁ F be a set of functicnal dependencies.

* T.1L:

* T.1%:

* 7.1

Let U7 be a set of attributes and D a set of dependencies {of any type) ...E_
the attributea of U7, Define SAT(D) to be the set of relations r over IF syehy
that r satisfies each dependency in I. Show the following.

a} SAT(Dq U Dg) = SAT{Dy) NSAT{Dz).
b} If [y logically implies all the dependencies in I3, then

SAT(D,) 2 SAT(D;)

for functional dependencies is sound.

If X1 C X5 then X9 ¢ X% for all

e Haml " = e -

a) Show that X — A in F is redundant if and oniy if X+ contains h
when the closure is computed with respect to F - {X — A}

b) Show that atiribute B in the left side X of a functional dependency,
X — A is redundant if and only if 4 is in (X — {B})*, when the
closure is taken with respect to F.

Show that singleten left sides are Emﬁmn_mnw for functional muvuuﬁ_muﬂﬂ.

That is, show there is some functional dependency that is not mnEq&gw

to any set of functional dependencies {A; — By,..., Ay — By}, where Em

A's and B’s are single attributes.

Develop the theory of functional dependencies ﬂ;w single attributes on zs

left and right sides (call them SAFD's). That is ‘.

a) Give a set of axioms for SAFDVs; show that your axioms are mcEE
and complete.

b) Give an algorithm for deciding whether a set of SAFD’s implies an-
other SAFD.

c) Give an algorithm to test whether two sets of SAFD’s are Bﬁﬁ_muﬂ

d) SAFD’s look like a familiar mathematical model. Which?

In Theorem 7.3 we used two transformations on sets of functional depen-
dencies to obtain a minimal cover:

i) Eliminate & redundant dependency.

ii) Eliminate a redundant attribute from a left side.

Show the following:

a) If we first apply {#) until no more applications are possible and then
apply {i} until no more applications are possible, we always obtain &

minimal cover.



b} If we apply first (i) until no longer possible, then apply (i) until no
longer possible, we de not necessarily reach a minimal cover.

7.14: A relation scheme A is said to be in second normal form if whenever X — A
i8 & dependency that holds in R, and A is not in X, then either A is prime
or X is not a proper subset of any key (the possibility that X is neither a
subset nor a superset of any key is not ruled out by second normal form).
Show that the relation scheme SAIP from Example 7.14 violates second
norimal form.
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7.15: Show that if a relation scheme is in third normal form, then it is in second
normal form.

@ Consider the relation scheme with attributes S (store), D' {department),
I (item}, and M (manager), with functional dependencies ST — D and
SD — M.

a} Find all keys for SDIM.
b) Show that SDIAf is in second normal form but not third normal form.

* T.1T: Give an Ofn) algorithm for computing X+, where X is a set of at most n
attributes, with respect to a set of functional dependencies that require no
more than n characters, when written down.

« 7.18: Complete the proof of Theorem 7.5 by providing a formal proof that in the
row for fiy, an o is enfered if and only if Ry N Ry — A.

7.19: Complete the proof of Lemma 7.5 by showing that if r C s then
7a{r) C 7r,(s)

¥ 720: In Example 7.10 we contended that Z — C does not imply C85 — Z. Prove
this contention.

; T.21: At the end of Section 7.5 it was claimed that p = {AB, CD) was a depend-
ency-preserving, but not lossless-join decomposition of ABCD, given the
dependencies 4 —+ B and C — D. Verify this claim.

@ﬂ.&wuimlq_ A-D, BD -G}

a} Find a minimal cover for F.
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b} Give a 3NF, dependency-preserving decomposition of ABC D into only
two schemes (with respect to the set of functional dependencies F').

¢} What are the projected dependencies for each of your schemes?
; d) Does your answer to HWV have a lossless join? If not, how could you
i v modify the database scheme to have a lossless join and still preserve
m. \___ dependencies?
’ Y

{723Let F= (AB—~C, A~ B},
2) Find a minimal cover for F.
b) When (a) was given on an exam at & large western university, more
than half the class answered G = {4 — B, B — C}. Show that
answer is wrong by giving & relation that satisfies F but violates G.

7.24: Suppose we are given relation scheme ABCD with functional dependencies
(A= B, B~ C, A= D, D — C}. Let p be the decomposition
{AB, AC,BD).

a) Find the projected dependencies for each of the relation schemes of p.
b) Does p have a lossless join with respect to the given dependencies?
¢) Does p preserve the given dependencies?

7.25: Show that {AB, ACD, BCD) is not & lossless-join decomposition of ABCD
with respect to the functional dependencies {A — C, D — C, BD — 4}.

7.26: Consider the relation scheme ABCD with dependencies

F={A—-B,B—-C, D— B}
We wish to find a lossless-join decomposition into BCNF, i
a) Suppose we choose, as our first step, to decompose ABCD into ACD
and BD. What are the projected dependencies in these two schemes?
b} Are these schemes in BNCF? If not, what further decomposition is
Necessary’ .
7.27: For different sets of assumned dependencies, the decomposition
p=I(AB,BC,CD)
may or may not have a lossless join. For each of the following sets of
dependencies, eifher prove the join is lossless or give a counterexample
relation to show it is not.
a} {A—B, B—C}.
b) {B—=C,C— D}
o) {B-0C}.
+7.28: At most how many passes does Algorithm 7.3 (the test for dependency-
preservation) need if F is a set of n functional dependencies over m at-
tributes {an order-of-magnitude estimate is sufficient).

+7.20: Let F be & set of functional dependencies with singleton right sides.

&) Show that if a relation scheme R has a BCNF violation X — A,
where X — A is in F¥, then there is some ¥ — B in F itself such
that Y — B is a BCNF violation for .

b) Show the same for third normal form.
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Show the following observation, which is needed in Theorem 7.8. f Ris &
relation scheme, and X C A is a key for R with respect to set of functional
dependencies F, then X cannot have a 3NF violation with respect to the
set of dependencies xx(F).

Frove that there is no such thing 2s an “embedded functional dependency.”
That is,  § C R, and X — ¥ holds in ng{R), then X — ¥ holds in R.

Complete the proof of Theorem 7.9 by showing that axioms Al-A8 are
sound and complete. Hint: The completeness proof follows Theorem 7.1.
To find a counterexample relation for X —— ¥, we generally need more
than a two-fuple relation as was used for functional dependencies; the
relation could have 2 tuples, if & is the number of blocks in the dependency
basis for X.

Verify the union, pseudotransitivity, and decomposition rules for multival-
ued dependencies.

Verify the contention in Example 7.21, that there is a relation r satisfying
SP — Y, such that xgsfr} 0 xgp(r) xa ngpy(r) # r. Check that your
relation does not satisfy C — § | P.

Given the dependencies {A —— B, ' — B}, what other nontrivial multi-

- walued and functional dependencies hold over the set of atiributes ABCT

* 7.36:
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Prove that in ABCD we can infer 4 — D from {A —— B, A—C}in
each of the following ways.

a) Directly from the definitions of functional and multivalued dependen-
cies.

b} From axioms AL-AS.

c] By converting to generalized dependencies and “chasing.”

Near the beginning of Section 7.10 we claimed that we could project a set

of multivalued and functional dependencies D onto & set of attributes S by

the following rules {somewhat restated).

if X—>Yisinng(D)ifandonly f XY CSand X - Y isin D,

i) X ~~ VY isin wg{D}) if and only if X C S, and there is some multi-
valued dependency X —— Z in D%, such that ¥ = ZnN 5.

Prove this contention.

Show that the decomposition (CHR, CT, CSG) obtained in Example 7.20
is not lossless with respect the the given functional dependencies only; i.e.,
the multivalued dependency © —— HBR is essential to prove the lossless
Join.
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Use the chase algorithm to tell whether the following inferences are valid

over the set of attributes ABCD.

a) {A—~B AClEA—D

by {A+—B|C, B~ C|DlIFA—C|D

c) {A—B|C,A—=D}EAC|D

d {A—B|C,A—C}|D}EA—E|D

Show that no collection of tuple-generating dependencies can imply an

equality-generating dependency.

State an algorithm to determine, given a collection of functional, (full)

multivalued, and (full} join dependencies, whether a given decomposition

has a lossless join.

Show that the multivalued dependency X —— Y over the set of attributes

{7 is equivalent to the join dependency 0¢ (XY, X Z), where Z = U/ -X -V

Hint: Write both as generalized dependencies.

What symbol mapping explains the application of Figure 7.11(b} to Figure

7.12(b) to deduce Figure 7.12{c)?

Show that Theorem 7.11, stated for functional and multivalued depefden-

cies, really holds for arbitrary generalized dependencies. That is, (R, B;)

has a lossless join with respect to a set of generalized dependencies It if

and only if (R, N Ra) = (Ay - Ra). ‘

Show that if decomposition p = {Rj,...,Rz) has a lossless join with

respect to a set of generalized dependencies D, then the decomposition

{R1,...,Ri,5) also has a lossless join with respect to D, where § is an

arbitrary relation scheme over the same set of atiributes as p.

Show that it is A'P-hard (A"P-complete or harder—see Garey and Johnson

[1979]) to determine:

a) Given a relation scheme R and a set of functional dependencies F oo
the attributes of R, whether R has a key of size & or less with respect
to F? T

b) Given R and F as in {a}, and given a subset § C R, is &in BNCF
with respect to F?

¢} Whether a given set of multivalued dependencies implies a given join
dependency.

A unary inclusion dependency A C B, where A and B are attributes {per-

haps from different relations) says that in any legal values of the relation(s),

every value that appears in the column for A also appears in the column

for B. Show that the following axioms

f£] ACAforal A
i) FACBand BCCthenACC.



