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Abstract

This rarer rpresents a rrocedure which can be automated for den-
erating 2 comrlete third normal form decomrosition of anw rela-
tional schema. Comslete third normal form decomrosition ias de-—
fined to be a decomsosition im third rormal form relations which
represent'all the functiomal derendernces embodied in the originel
relational schema. Such 2 decomrosition facilitates data base
intedrity checkss hence is an imrortant tool for velational data

base desisdrn.
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1. Introduction

Froblems essociated with decomrosition of relations have been
studied bw mans resesarchers [Cod7ly Hea?7ly Del?3y Fa#k?77y Ris731.
The motivations seem to be (1) the cuest for a theory of lodical
filesy and (2) serlication of decomrosition technicues to rela-

tionasl database desidgn [Fag?7].

Whern decomrosing a larsge file into smaller comronentsy some con-
ditons are often imrosed on the comrorents. Two such conditions

are

(1) the comronents together must rerresent 211 the inmformation

corntained irm the origimel relation
(2) the comronents sstisfw certain restricltions.

Several such restrictiorns have been srorosed! Third mormal form
by Coddr an modificatior to third rormal form by Rovce and Coddy
referred to as Roswce-Codd normal form [Cod?61s and Fourth mormal

form bw Fadgin [Fag771].

This rarer eresenhts an sreroasch to relestional decomrosition which
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can he sutomated. The decomrosition thus rroduced consists of &
collection of #rodections of the given relationy 211 in third
normal form with the srorertw that it rreserves all the function-

3l derendences rerresented by the origimasl relatiore.
2, Anelusis
2,1 Related Concesrts A Theorem

The azeration of Natural-Join snd Heath Theorem are sed in
decomrosition theors Lo re—-conmrose the original relation from the

comronents, These asnd other related concerls are discussed here.

Naetursl-Joirm. If relation R1 is defined over & cel of variasbles
(sttributes) Ay relabtion B over & selt Ry and A T R = Cy & nonew
emrty set. Then the patural Join of Rl arid R2 on Cig defined to

be

Ja v B)

RLICAY ¥ RO

i

{(8*Cv0vbwc) '3 in R1 snd bhoin R23.
Figure 1 shows an examsle of natural Joine. Note thaet A v B is

the set-theoretic urior. Thuss each label in C arrears exaclly

ornce in J. Alﬁor the defimition reauires that A arnd B have

identical variasble l1ahels (e.dg. C) in order to be . Joined. This
is clearly not necessarsy but Qs reauired here to avoid the issue

of relshelling the variables in'J.



FIGURE 1

R1(AYC) £ (alscl)s (aRs01) 3

R2(RsC)

i

{ (blyeldy (b2yc1) ¥

JCAYEIC)Y = £ (alsbhlrelde (a8leb2yel)y (82vblyel)s (329b2ycl) ¥

Decomrosition. lecomrosition of a relation R is defined to be &
set of srodections of R  such that the rerodections can  be

natursl-Jdoined back to R.

Furictionsl Derenderice (FI). Surrose V is the variasble selt of a

relstion Ry and Ay B are two subsets.

B is functionallvy derendent on Ay A > By if a3t anw dinstanmt in
time anw value A sssumes in R is associsated with exacltlw one
value of B in Rs If B is a8 subsel of Ay therm & > B is & trivil

furnctionsl derernderce.

Heath Theorem.
R(AsRByC) = F1(AsR) X P2(AC)

it A > R and F1y F2 are rrodections of R,

The theorem can he rut in 8 slightly more dgeneral form as fTol-

lows?
RCAsByCyD) = F1CAsEC) % P2(AYRyD)

if AXRBC. Note this @muaiitu holdsy because A » BC imrlies AR » Cy
and by the Heath theorem. The onlwy difference is that the latter
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exrlicitely sllows FII among the sttributes on the left-hand side
of the given FI., Interested reader maw checlk that this denerali-
zstion does not affect the validitw of the oriﬁinmll Proaf given
in EH@a?l].' Ir  this marery this form of Heath theorem will bhe

used.
2,2 Observaltions

From here ony the discussion of relation is mainlw cmﬁcerned with
its intemsion (of schems) rather than its extension (i.e. the
elements or turles in & relatiorn). In 8 relational datasbase
management systemy &8 definition of relational ﬁahem8 non5i$t5 of
the following

(i} for esch :r@,&timny the wvarizble set arnd the e rleing
domains (data turesy ranée of v&luésk ete.)

(ii) =211 the functional desendences among the varishles in the

schems.

Observation 1. A decomrosition does not necessarily rerresent
all the functionasl derendences embodied in the relation heing

decomros@d,

Examele R(AYE(C) with the functional derendence ﬁtfycturav
g =LA+ By B> Cy A = Cls

Then by Heath theorems
R = FlLCAyR) %X F2(AYC).

Although Pl and P2 constitute 3 decomrosition of Ry and P11
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‘embodies’ A » B and F2 ‘embodies’ A » Cy the furnctional deren—
derice B > C is mot ‘rerresented’ bw  the decomrosition. Notey
howevery that |

R = P1(AsRB) X FRAU(RC)

is a decamrosition rewr rhsenblnc a1l the functional derendences.

Observatioh 2, A set of srodections rerresenting a1l  the func-
tionsl derendences does not rnecessarily constitutes & decommosi-

tior.

Examrle R(AYEBsCYy 8§ = LA » Cy» B = Cl,
Considery at some instsnt in times the extension of R consists of
(alsblyel) and (a2yb2rel). Thern the wrmdwctibnm FL1(AC)Y and

F2(RsC) does not constitute a déecamrosition.

Observation 3. Givern Ry there msw he ro decomrosition in Rosce-
Codd normzl form that rerresents all the furnctional derendences

of R.

Examrle Similar examele apwear@d im Chat?7] and CRis771.

RCAsBsC)y 8 = CAR = Cy» C = B>

Bowce-Codd rnormal form is defined in FPod74]' as a8 Hrelation in
first normal Porm and for everwy atirlhute rnl?nctman C of Ry if
anw attribute not in C is functionallw derendent on Cy then 211
attributes in‘R are functionallu derendent on C. Thusy the only
decqmwoéifion in Rowce-Codd normal form is the “rrodections
P1(C,B) and FP2(AsC). The functional derenderce AB * C is not

b T
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recresented bw this decomrosition.

Observation 4. As we have seeny Heath’theob@m is the only tool
uysed in third normal form decomrosition. (Fadin has roved 8
stronger theorem and used it in Fourth Normal Form decomrositior.
(See L[Fas771.) But there are cases where Heath thearém alome is
not sufficient for: thainins = decomroasition r@mreaentins all

functional derendences.

Estamrle R(ArRByCyIDy g = {AR » Cy CD > B,
ferluing Heasth theoremy two decomrositions are poaéiblet

R

i

FL(AsEsC) X PR2(AEyID) s and
R o= PI(CsNsREY % PI(CyDvA).

Neither resresents the entire 8.
2.3 Defining The Froblem and Its Significance

The issue at hand is database intesrity., It is well-~known that it’
is hard and costly to maintain intedrity of a datéhase. If the
oreration to check whether & functional depeﬁdence is truelw
embodied in 8 relation is very exrensivey then clearly it would
be much more ex?éhsive for the swstem to check the same on &
natural- Joined relationv hecause the patural~Joinvitself is an

exrensive oreration.

Tefine 2 comrlete third rnormal form (3NF) decomrosition of R as 38

collection of 3NF rrodections of R which is & decomrosition and
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rerresents sll the functional derendences (FI) embodied in K. A
comrlete decomrosition has a8 desirable Propeftuv i.e. if the
integrity of all the FII's embodied in a decomrosition is ensuredsy
then the intedgritw of all FD’‘s rerresented by the decomrosition
is sutomatically ensured. Thusy diven a relation Ry the rroblem
of determining ‘tha axistence of a comrlete 3NF decomrosition of
Ry and constructing it if it existss is one of theorectical and

rractical interest.

Note that the notiOﬁ'of comrleteness of a8 decompmﬁition is the
same as that of. indererdent relations defined.in [Ris?73. In
facty it carn he r@adilw showry s ing Heath theorem and theorem 2
in [Ris771y that fhw two definitions are emuivaleht.-ﬂmweverv the
rairwise decomrosition rrocess sudgested bw Rissanen in that same
rarer far denerating inderendent relations is not sufficient in

deneral as illustrated im Ohservatiorn 4 ahove.

3. Comrlete 3INF Decomrosition

3.1 3NF Suwrnthesis

In section 29 we have shown that Heath theorem slone is rot suf-
ficient to deneratee é comelete 3NF decomposition. Bermnsteiny in
[Ber76]y rresents én alﬁorifhm whichy given a2 set & of functionsal
derendencesy rroduces 3NF relations rerresenting ihe entire 8.

The aldorithm is outlired in Fisure 2. We will refer to it as

P
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the Sunthesizer.

FIGURE 2
1. Eliminate extraneoua attributes.
2. find s nonredundant covering of the givern sel of FI's.
3 Partitionithe covering into d€rours with idenmtical left
sides.
4, Merde ecuivalent lkeus.
[~ . |

5. Eliminate transitive derendences.

6. Construct relation.

The sunthesizer orerates under an assumrtiony which Bernstein
calls the Unicueness Assumetior. The examrle below exrlains what

it is.

Examrle Let V be the set of variablesy S the set of'Fn's aover V.
Srecificalluy

V = {LOC(location)y FART(sarts names)y NARE(war@hoyﬁe)v

VoL {volume)l
g = {f1 ¢ LOC > WAREs (2 location has one warehbus@)v
2 ¢ WARE + L.OCy (a warehouse has & locationfv
3 ¢ NAREvFART = YOl (s wrart in & warehouse has 3
volume)y

4 ¢ LOC;PQRT_} VoLy (z rart at a location has a volumel?

-
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The first two sters of the sunthesizer tries to determine the
redundant FO’s in Sy i.e. FO’s derivable from the rest.A In this
examrler either 3 or f4 is redundant. S8Surrose wé dror f2 from
the inrut Sy assuming that it is rermissible to have more than
one warehouse at 3 location. Then 3 and f4 msw have different
meaningy ramelwy f3 dives the volume of 2 given rart in 3 diven
warehousey while f4 the volume of a diven rart at 3 given loca-
tion. ‘Howevers the sunthesizer camn not teil the difference from
the formsal definitions and simrly concludes 4 is redundant as a
derivation aof f1 and f3. Clearluy had we use VOL1 in 3 and VOLZ
in f4y the swnthesizer would reach the correct conclusion. The
rroblem here is 3 classicsl ome! how to carture enough semantics
with rrorer suntax. - The solution is also classic! each formal

variable stands for exasclty ome meanirs.

The unicueness sssumetion roses 3 difficult rroblem for rela-
tioal datzbase desidgners using the sunthesizer. wﬁen: srecifwing
FI’s at design times it is hard to see where 3 new label is
called for. Putting it in relational terminolosiyy the difficultw
is to determire how manw different roles each att}ibute rlaws in

the entire database.

A second difficulty rosed to the designer is due td~the fact that
the sunthesiéer only handles functional relationshirs amond vari-
ables. Thus  nonfﬁnctional relationshirs (e.d. comrlex marrinds

between varizsbles ) have. to be defined with} artificial'

-
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attributess e.d. AR = Sy if & arnd B have 8 nonfunctional rela~

tionshir.

A third rroblem is thét for é database swstem to rrovide infer~
ence carabilituy thefa must he some linksde between attribue
names. One maw suééemt the use of hase rame with‘préfix or suffix
as commonly doﬁe in COROL rrodgramming to indicate the different
roles and their wunderlwing attributes. But this will ineviablw
introduce comrlications for detectind redundant Fﬁf; which may

rot be tractable at sll.

Irn contrasty the decomrasition rrocess bedins with a divern rela-
tion and a set of FD’s embodied in.it. The uniaueness assumwtion.
alwawﬁ’holds in & relsationy and if ronfurnctional relationshirs
wisty thew are alréadu emhodied in the relation."Thus arrlluing
the suntﬁesizer to decomrosition does not have the above-—
mentiorned difficulties. Howevers data base desiﬁh‘uéing decoﬁpo~
sition cen not avqid comrletely the issue of unicue attribute
name. Rathers the arrroach mawy be a more naturallwau to deal
Wwith it. Sirmce this is not the subJect matter of this Fa3rery We
Wwill riot discuss it further. Interested readers are referred to
[Fag?77-21y in which Fagin comrared the two awmroaches to data

hase desisn.
2,2 Existence Theorem
For anu relational schema Ry the set of rrodectionsy

-10-
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D= {Pi‘sy Fhlvy

whefe {FbY is the outrut of the swnthesizery and

Phy referred to as the hase srodectiorn of Iy is the outrut

of
the Baée Reduction Aldgorithm (shown b@low)v

constitutes a comrlete third normal form decomrosition of R.

The eroof of the theorem will be diven in section 2.4, Im the

[

followings we rresent the base reduction aldorithm.
Easse Reduction Alsorithm

Notation. Let f derotes an FI arnd F a set of FIVs. Theny
L(f) is the set of variables srrearing on the left
| of
R(F) is tﬁe set of variables arrearing on the right

of fv
L(F)Y is the umion of L(f) for a1l f in Fy
R(F) is the union of R(f) for all f in Fy
U(F) is the set of variables arrearing in‘F.

Inguts R - a-setvof.variahleSv

E - 8 set of FIl’s over R (or its subset) such that
for anw fly f2 in Ey |
if L(F1) > LCF2) is in the closure of E»
then L(F2) > L(Ff1) is not.

REGIN

X =R - V(E)

-11~-
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Y = R(E)
F=E

FOR everw T in Fv
IF L(F) contsins more than one varishley or L(fﬁ_is not irn Y
THEN X = X + L)
delete .
Fb = X
FOR evers varible 3t in Fhby

K o= Ph = x

FLLAG = ‘down’
WHILE FLAG = ‘down’ and F nor-emetuy
IF LOPY K arnd ROF) = sy
THEN FLAG = ‘us’
TF LOFY < K and RCF) not =
. THEN K = K 4+ RO 7
IF FLAG = ‘ur’s THEN delete x from e

END

Note-1.

If esch FDI in E is rerresented by a eair of noﬁés‘labelled 8%
L(F)Y and R(OFY resrectivelwy and a directed arc betweéﬁ.them. And
introduce an asuxiliars arc belween and twé rnodess niy.nJv if omi %
nd. Then E is resresented bw an acuclic directed grégh. A node

is & source if it has no im~arc, The set X in the hase reduction

....j'f)...

o Woo.
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aldorithm corresronds to the set of all source nodes in E.

Note-2.

Let C be the'non”redundant'covering outrut from the sunthesizer.
If we rerlce zll the kews ecuivatent to each éther with 8 new
label and keew 3 serarate list of defirnitions of  these labels.
Then C satisfies the irmrut restriction on E. For'examplevlif A x
BErnd B> A are in Cy them after relabellingy thew 2ll becomes
sauy Z = Zy which is trivil FD and is deleted. Heres we assume
that the relsbelling is done by the swnthesizer, Thusy the out-

rut  of the sunthesizer can be used as the inrut of the base

reduction algorithm.

Note?3.

Since E is acwelicy X contains at least one variable.

Note-4.

If K is emrtws the WHILE loor does nothing. Thereforer Fb con-
tains st least one variable. Alsos bu cohstructioh; no FI exists'
amons variables ifn Pb,., This imrlies that Fb is in third normal

form.

3.3 DNecomrosition Algori@hm

We summarize the sters for decomrosing 2 siven relation R embodu-

ing 3 set S of FD’s.

-y 3
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(1) Ineut (RyS) to the sunthesizery wielding {Fi} and E.
(2) Imput (RyE) to the hase reduction slgorithmy wielding Fb.
(3) Merdge PdsPk iri {FisFbd}y if FJ < Fk or Fl. = P (This imelies

the corresronding sets of FI'Vs are also merdged.)

The existernce theorem asserts that {FiY from stes 1 and Fh from
ster 2 forms a comrlete 3INF decomsosition. Ster 3. only  reduces
the size of the decaomrosition. The followins two examrles illus-

trate the rrocess.

Evamele~1., Let F = (AvyRyeeesMeN) emboduins the.FD~set S whose

gradgh is shown in Figure 3.
FIGURE 3
l : FD

i - SET

020
-

After ster 1s we have

E=8

{Fi}> = {PL(ARyCEF)y FR(EsA)y PI(F+G)
FA(CDsHIR) ¥ PS(H;GJ)v POCIsd)y

F7(Ky LMYy FSIMyNID

- V.
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After ster 2y we have

X = (AyBsCrIIyK)

Fb = (ARIK) (or ACIK derending on the order of deietion)
After ster 3y we have

I = {Fkry Fly F2y Flyeesy F8Y, F3 is merded into F1.
Examele~-2, R = (AsRyCeI) with gragh shown in Figure 4,

FIGURE 4

(n8) |
. ‘E:’ l': FD
_ | o i : SeT Ipcl..u&oﬂ
(&)

Note R is alraadw'in'3NF.

After stes 1y we havé

E =8

{Fi¥ = {PLAECD)y P2A(CoA)y PI(NyR)D
After ster 2y we have

X = (AyB)

Pb = (AR)

After ster 3y we have

D =Pl =R, P2y P3y and Ph are shsorbed into Pi.



3.4 Fraoof af The Existerce Theorem

We zlreadws show that FPbh is inm 3INF. Algor bw the %unthesis algo-
rithms <Fi> sre in 3NF and tosether thew rerresent 8y the set of
FII’s embodied in R.. So it remains to show that tLhe deneralized

Heath theorem can be rerestedly aerlied to D to gield R.

It should be obvious that arnw set of srodections whose sraghical
rerresentation is 8 tree can bhe Joined into a_sinﬁla_relationv
using the Heath theorem (HT). Let F he a erodection whose wvari-
able set conrtains Xy the variasble set of all the source nodes in
E. It follows that P and {Fi} can be Joined into a r@1ation using

HT.

We riow show that FPbh cam be Joined with some Fi‘s in,{Pi} to wield
such a Fo Let Z = X = Ph = zle22vscsvzmy and zm is the last variF
ble deleted bw the hase reduction slsorithm Lo form Fh, Then £ ¢

Fo > zm is inm the closure of E.

Cage 1. If F dis in E.
Then the Fi emboduing £ has the rrorerty
kew(Fi) = Fb
Case 2, If f is not in E.
Then therq is & defivatiom Ed < E for f such that énQ FO b in Ed
| L¢h) < Ph.
Hence the.Pi emboduing h has the rrorertu
kew(Pi) < Fb,

] &



...17.-.

Thereforey
Fhei = Ph % Fiv

where Fh.i is the rrodection of R over the variabie set <PbsFPil.
The same argument srrlies to the next = in Zy etc.. Eventuralluy
we have

Pbeilei2eeoik = Ph % Fil % o0 X Pilk
Aand X < Pheileeoiks
Thus Pbeileesik can be doined with th@‘remaining rrofections in
{Fi} to wield a single relation R’., Since R’ coritains 3ll the

variasbles irm Ry R/ = Ry bw Heath theorem. QRE.IN.
4, Conclusion

We have rresented a rrocedure for denerating comrlete third nor-
ma{ form decomrosions. The first ster of the rrocedurey the sun—
thesizers can be imrlemented with a time bound of O0CL )y where L
is the length of the string encoding the set § of FD’s CRBer761.
The second ster can be imrlemented with 2 time hbund.of O(NL ")y
where N is the numbér'of variables in R and I/ is the length of
the strind enchiné the set E of FI’S. The third ster is ortion-
al. Sincg irn most cases the outrul and the inrFut _bf_ this ster
would be identicsls i.e. no merge can be rerformedy it would be
hard to Justifws the orerational cost of this ster. Aé shown bu
the exameles in section 3.3s a manusl scan of the PfoJections is

both sufficient arid effctive in rractices.
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