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Abstract

Wheneveér in a non-BCNF scheme a set of non-key attributes
determines part of a key, a problem arises: decomp051tlon ellmlnates
anamalles but causes the loss of a- dependency. The paper suggests
horlzontal decomposition as a way to obtain an 1mproved schema.
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Resumo

Sempre que em um esquema nao esteja em BCNF um conjunto de
atributos nao pertencentes a chave determina parte de uma chave, syr
ge um problema: a decomp031gao el:mmna anothalias mas causa a perda
de uma dependéncia. O artlgo sugere a decomposicao horizontal como -

um meio de obter um esguema melhor.

Palavras chaves

Bancos de dados relacionais, formas normais, particionameg
to.
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1. fntroduginyg tbe problen

in yensral, converting a relation into Boyce-Coda normal
form - (BCNF) {batejraygin] is advantagyeous vecause, all
dependencies being dependencies on keys, thsir =nforceient
can' pe done through  tmne Tregular ‘key-nandliny features,
supported by most DBMSs.

However, a problem (to bLe explained shortly) arises in
the situdtion: where a non-key sS<t of attriputes determines
part of = the key. Let R be a relation and X, ¢, 2 s¢ts of
attrioutes of kK, with XA oveiny a key in . R, .ana ‘the
dependencies: '

XY =>2

Figure 1 1llustrates this situation,’ letting the
subscripted small letters denote distinct instances of the
respective sets of attributes., s .
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The- figure sugyests -a three-leavel structure that is
"almost"'a nierarchy. At the bottouw level, &iacn X-value can
be linked to’at most ‘one Z-value ia 2ach Y-rooteu Mtree", For
instance, the: presence of \the tuple (x1,y1,21) excludes the
presence  of,  'sayy; (x1,y1,22), because  of the XY =>. 2
dependéncys. For reasons to. be discussed iu the seguel, it is
useful” to express this fact as follows: -



Prop iz Let R be the relational scheme above.
Then, if st partitioned by Y and then projected on
XZ: '

a. ta2  blocks, even atter the projection, constituts a
partition (i.e., no two blocks have any (xi,z27) tuple iu
common} ; '

b. in each block the dependency X -> 2 holds.

Since h is not in  BCNF, oue woald normwsilly decomposs it
into wu1(X,Z), which is an all~key relavion, and &2{Z,Y),
where % ~-> Y..dotice that the XY -> 2 dependancy 1is somshow
lost, the attributes involved cbeing bCatt:rad petween R1 and
R2.  This joes counter to  the .decla aim of © BONE
decomwpositions, wbich should allow - us to tarh dependencies
into key dependencies, while, . of course, preserving  all of
them, ‘ ‘ B '

In the next. section .ws propose a solution’ for
alleviating this dintrinsic difficulty, using proposition 1.
The discussion will be entirely centered  on the ‘mxaaple
{Pate] of 1 cselation R witn atWocibutes 3 {Studenty, C
(Course} and T (Teacher), with the penuunclea 5C => 1, To=->
C. Figure 2 shows a valid state of this relation.
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Fig..2
2. The LLogo sed decoumposition
Whilst Brost of the discussion of duLOmpOoitiOﬂ
strategies - has been | based o projectiow ("v~rtwcai"

decomposition), sonme thought rhas¢: also beel " Yiven & to
decompositions by restriction (or sowe tform OF Yhorizontal®
splitting). . [ Fagin; Seith aod. Suith]. In a similar velin,
partitioning has been introduced as ..d relational ‘alyebra
operation [Furtado and Kerschbery ], Extensions to -the
relational data model have been proposéd - { Chanygy - Codal,’
accomodating the idea that, as a conssquence of horizontal
decomposition, the same tokens coula be taken alternatively
as attribute-values or as names of the relations {or blocks)
resultiag from the decomposition; also, nsw operations are
included to support this feature.




Cur strateyy uses horizental decomposition and therefore
assumes the availability of the attendant data dafinition and
data manipulation features, in the style of ‘ons or another ot
the proposals above,

In terus of the acauemlu data pase exaaple, we take i1

as & set of oplocks (or relations) resulting zrom first
partitioning R by C, and then projectiunyg tae plocks on the
attributes ST. According to part b of propusition 1, . tne

dependency 3 -> T holds in  each Dlock of 1. We lat relatiqn
#2 e the projsction of R on  IC (as  in the gonventional
decomposition), with T =-> C,

figure 3 illustrates the proposed dacomposition.
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Thz realer mpay 1like to compare this to figure 1, which
is a graphlual version of the same data base state (the three’
lavels i figure 1 corresponding, respectively, -to.courses,
teachers ana btuientb).

The - iamportaat novelty in  thils strategy 1is  the Rey
dependency s =~> 71, holdiny in each block of w1, inaucad by
the partitioning by C. 1bus the original dependancy SC => T
in K now realds: S =-> T within each C-block. '



For reconstituting R from R1 and R2 w2 can take the
union (U) of the blocks of K1 and theén the natural:join (%)
of the result.with R2., An interesting alternativs is amade
possible by the following distributive propertys

Proposition 2: Let S1, S2, ... , SO be union-compatible
relations and V be any relation. Then

(ST U S2 U ee. U SR) *V = (ST Rk V) U (352 % V) U .i. O
(5Sn * V) |

Proposition 2 indicates that we can first ~perfora the
joins of each  block of R1 with K2, whicm can be dons in
parallel., At the end the wunion is simply the collesction of
the results of the joins, because part a of proposition 1
ensures that we do not have to check for duplicate tuples
{the results of the joins are pairvise disjoiut). o

In general, horizontal decompositions tend to be useful
in practice when the following requirements are met: ‘

a. The set of blocks is relatively stable. Referring to
the example, 1t is not  uncommon in the acadewic world that
the same courses be offered over 4 numper of s2mesters.

b. The cardinality of the set of blocks 1s relatively
small., 1f the function underlying the dependency T ~-> © is
surjective, i.e. 1if there is at least one .teachel per course,
then the set of courses cannot wse largyer than the set of
teachers; also, in practice, thers are usually more students
than courses, R , ' ' _

- ¢. The cardinalities of the Dblocks theuselves are
approkimately of the sawmé. order of mayhitude, thus providing
a wvalanced way to segment the information, Ajain, s1z2s of
ciasses under each. teacher tend to fall betw2en close lower
and ‘upper limits,. B

Other examples of the sane situation appsar t5 be
am=nable to the present strateygy, one of which 18 4 r=lation
involving Cities, Streets and Zip_codes, whsre:

City Street =-> zip_Code

Zip_Code -> City

Through this  second exawple, one - S&ws . tinat the

horizontal = decomposition (in this casg, pavtitioning the ..

relation by city) may, in a sensd, mimic the usual "wmanual”
procedures. For a large city, it 1is customary to print
booklets giving the Zip codes of streets within the city.



3. ¥imws—and operations

Apother measure of the adequatensss of schemss is taeir
use in the most frsguent or more iaportant (accordingy to sowme
criterion) oparations that CAaR be anticipatsd, 3uch
operations do not have to be contined to any specific
relation or block, but will involve an arbitrary function of
the data base, which is called a viee in the data pase
termivoloygy { Date ..

For our academic data base exauple we shail concentrate
on the update operations given below, where the swmall letters
Sy C, t appearing in the argument Lists denote the attributes
from which the arqguments are taken:

enroll(s,c,t}) - enrolls s in ¢ ander t

L e o e vatm o . s S e o

appoint (t,c) assigns t to ¢

cancel(t) ~ cancels the present appointmeat of ¢

We shall examine enpoll in more detail, making a gquick

reference to the other operations. The operation can be
executed along the following stages:

a. Check in R2 if t creally teaches ¢. .This is easy,
since t is a key in R2.

b. Find in R1 the block named by c.

c. *Check if some tuple (s,~), where "=" gtaads for an
arbitrary value, already exists in the block. This is also
easy, because s is a key in the block.

d. Insert (s,t) in the block.

The drop operation affects the appropriate block in &1,
and the T-value does not have to be dindicated. It saeass
reasonable to require that am appointment caanot be cancelled
until one has decided what to do {drop or transf2r) with 2ach
student taking the course under the teacher involved; thus a
precondition for the cancel operation is that there be no
tuple (~,t) in the respective block of #Y =« which is a
costlier search, perhaps requiring a secondary iandex on
teachers teaching each course. - ‘



In some cases, a slightly different decomposition may be
conveniént, iatroducing a "level of indirection", yhich, as
such devices  usually do, . makes some - ‘information . (th=
eprollment  of students . in classes, in  the sxXample)y -
“relocatawlza®. In R1 we could nave as o attribates 3 aad O
(Offering or section, i.€. a specitic instance of & course),
instead of $ and T. In turn, R2 would have O, T and ¢, notinyg
that both U and T are keys. Now an operation like

replace {o,t) - replace the teacaer in charge of o by t
Will only aftect R2..

hAfter any decomposition of the original redation & we
may waut to update the vresulting relations in ways that will
no longer persit the expected recoanstitutiou .ot - %. - For
instance, exscuting

gggg;gg{Coda,Human Relations)

and trying to reconstitute R immediately after that will
resnlt in the same contents that we had prior to tas update.
This 1is a cownsequence of the conventional definition of
natural join; the information of the nevw appointment will be
lost unless at least obe stadent 15 encoiled ‘in - duwman
Relations (in a newly created block of R1). Ihe outer join
proposed in [ Codd ] would preserve . the appointment informition
eVl without any previous snrollments.

An  operationm that would seam to be desiranle is
appoint(t,c), which would be. a handy coubination ot
ancel/appoint, moving t from whatever coursé he presently
aches to another course c. At first glaace, this operation
ens (syntactically) . admissible, since even ~ tha
reconstitution of R by natural join can still be done without
losing any tuple from RY or R2., However, its meaning would pe
that ' students will follow their teacher, rather than keep
their enrollment in the course. initially chosen. But this
would be very unusual, since the vrelationship between
students and courses is normally stronger than that betweea
students and teachers. We regard this as a case of semantical
conpection trap. So, . instead of definiang a uev. : .operation
reappoipt, it makes sense to use cangel followed by appoint’,
because, as  said, the preconditions for cancegl require’ the
previous exscution of drop or tramsfer  for sach sStudent:
affectead. '




4. Conclusion

Although . other solutions, catering to otner relevant
objectives =, may be devised, we claim that the proposed
strategy has th2 advantages of relying on key dependencies to
a large extent and of incorporating only a ainimua of
redundancy (what is redundant is the double appearance of
Courses as an attribute in R2 and as a set of vlock names in
RT). .

Also, ther2 are cases where horizontal decomposition may
be useful even at the physical storage level, as a criterion’
for & balanced segmentaticn of large files, and as a
distribution strategy in a distributed data base.

. We left purposefully vague the specific way to implement
"plocks", marely pointing to different references in the
literature. Matters of data model, operations in the DBMS
chosen and physical level resources will determine solutions
ranging from conventional inverted f£ile (on courses, in the
example) to dynamically <c¢reated relations named after the
‘attripute values.
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