306

OCTAV BRUDARU
6

It is obvi
- respon‘lsc;utsint]}(:aig t]he&sne) célgnges do not affect the synchronization
be sbtained by bins 1) me minor variations of this system Mmay

ding of DB, g & new processor in order to aveid an overloa

A new two-dimensional s
the results presented in the previ

ystolic array can be obtained by
ces are preserved.

ous section. The structure and the pcapplymg

rforman-

REFERENCES

1. ud G M. — ]
0 5 a D S1C a0 }

Ba et €. n anda m;‘:!ex:tv of [’LSI aigon!kms, I undailons of CO[llplller

198;, PP. 497 ‘lgonthms anc CO]HPIEXNY, Malhemahcal (Cntle A"lsteldﬂ.m

2. Foster, M. |
» M. J, Kung, H. T. — Desi i
obinions P esign of special purpose VI )
Mell;cnxl’_,‘ 'l.'echrf. ‘Re]);._ CMU-CS-70- 147, Dept. of Com ST chips examples and
3 Kram n University, Pittsburgh, 1979 puter Science, Carnegie
er, M. R,, Leeuwen, [ - -;)'ystoh'.; o

of C amputer SCJ.En.CC, Ialt ! Algo[ thms and C
» Ly 1

sterdam 1 8 PP —103.

Am » 9 3, ;5 3

3. Ullman,

puia!io?z and V'LSI, Fundationg
it amplexity, Mathematical Centre
L. — Area-Efftcient VLSI Com i

J i nlatic
J. Do — Comp wtational aspects of T«'LﬂS!,atgo’:l"l o

ress, Massachusetts 1983,
Received 28.7711. 1985

puier Science Press, Tnc. 1984

Computer Center
DPolytechnical Instituls
6600 Iasi, Romania

Anatele stiingifice ale Universitdpii , AL 1. Cuza® din Iast
Tomul XXXI, s. I a, Matemarticd, 1985, f. 3,

ON A NEW KIND OF DEPENDENCIESIN RELATIONAL DATABASES
BY
C. ‘.\1:\8:\1,;\(:1‘.)' and H. LUCHI:\N

§ 1. Introduction. We suppose the reader familiar with the usual
approach for the theory of dependencies in relational databases{| [41], [[1]],
1771, [[1077) .

A I[,[ct -“ld) be a denumerable set of atiributes and M={, ¢} the set of
marks., Let Uy =0L X M.

In the sequel, we shall usc the following notations : [#] will denote the
set {1, 2,..,m}, m eN : for a={u, m) ey, we shall consider supp (a)=u
and for {ay...,a.}S@y, supp ({ars...aa})=1{supp (a),....supp (an)} ; for
{A,,...,A,,,}C@L we shall use the shorthand A4, . .An.

A relation scheme over (7 is any finite subset of L. From now on, we
shall reffer to a fixed rclation scheme R={4,,..., 4a}, #>2 RxM will be
denoted by Ky

For each A e, let the set D, be the domain of A: card D, <¥N,.
Tor each ae@, let a,cD, XD, be a reflexive, nontrivial relation (za#
% DA K DA) ] n

Let Tup@="{ufu: [n]—UD 4y u(i) €D} be the set of tuples over R

i=1
(we shall alternatively use u(é) or #{A), Dior Dy, e 0T @4 a.s.0.).

Let Q be any set [#] or NV itself. A Q-instance for R 1s an injective
function Ix: Q—Tupy@. The set of all (Q-instances for R will be denoted
by gn, Q-

An snstance for R is a O-instance, for some Q. 1f 1 is a Q-instance for R
and 0, =0, any (-instance I, 0,—Tup @ such that 7/Q,=1,, will be called
subinstance of I {0, will be cither any [#], or N itself). The set of all instances
for R is denoted by &z

Remark. The instances in the definition above appear to be ordered
scts of tuples ; we note that this ,ordering” depends on what ordering (if any')
is considered on N. A forth coming paper will examine closely the necessity
of changing some classical definitions. For the moment let us only note
that there are cascs where ordered instances must be explicitely taken into
account.

As usual, only a subset of &5 will be considered, which we shall call
the set of admissible instances (cf ). The admissible instances will obey certain
specific requirements for Im(Iy), Ip = For example: ef =g, mi, A=
=T r i) » A% =T s 5> An—cl i A, 25.0. .

msn
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Definition. 4 relational
=(X,Y), of subscts o fml5;

We shall denote o by X—Y. A Q-instance fedy satisfics o (written
I=0) if the following formula is truc[\l([(/c) (X)DI{k+1)(X ) =A{I(A(Y)O

i= =1

OZ{k+1) (Y)), for any k=[] when Q=[p+1] and for any k=N whep
O=N, where X=X, .. X, and Y=VY,. .Y, ryszl. I{k) (Z)Df(le—[—l) (2)
stands for (I() (5), I{k+1) (7)) €ay, if z=(A4,,.) and for {I(k) (4), I{k+1)
()< % if z2=(4,, ¢) (for all » = X Y).’A"and =" have the usual meaning
from mathematical logic,

Remark. Theusual definition of the instance (unordered sef of tuples) —

which can be easily formulated in our framework — would permit the definj-
tion of functional dependencies asa particular type of relational dependencies,
Moreover, order dependencies of [[1]] can be expressed in this approach,
by suitable definitions of M and @y,

Let T be a set of relational dependencics, supp I'c R and s a relationa]
dependency, supp o< K.

Definition. The instance [ edi g salisfies I (I' is satisfied by I) if Ik=y,
Jor any ye . The usual notation Il=T" will be used.

Definition. ¢ s 4 consequence of I' (I'k=e) if, for any I'edt, which
satisfies T, I also satis 168 a.

_ The set of al dependencies that arc consequences of I' will be denoted

by I

§ 2. Acound and complete set of inference rules for relational depen-
dencies. Given ¥ a set of relational dependencices for g relation scheme R,
2 well-known problem in the theory of relational databases is to find the set 3.
This is usually done by considering X to be a set of 'axioms’ and by providing
a set of 'inference rules’ INITsuch that Z=X% Ziop being the set of all
the dependencies that can be obtained from T using INF. Usually, s =S
is denoted by Z}rs. For details, the reader is refered to [[413, L0310, [f2]),
([73), (871, [[911, ([10]] and for standard notions of mathematicgl logic,
to [[31%, [[61]. _ .

Let R=4.,4,...4, be our fixed relation scheme. For any dependency
9, Supp o< Rk, we shall construct g propositional calculus formula ¢ over

the set of propositional variables_A 1. A, in the following way : if o=X, ..X

dependesicy  over R is an ordered pair, g—

T

=Y, ..Y, then o=X,. .. XY, . .Y,, where, for any ZeX,. . XY, LY,

Z=AZ=(A, YandZ=" A¢if Z=(A, ¢). Here, "' ' and concate-
nation stand for logical "mon’, ‘implies’ and ‘and’, respectively. If ¥ is a
set of dependencies over R, let L={o/lc=X}.

Letobea dependency for R and [ S 1 14

Lemma 1, 7 satisfies o iff o 1s true fr the special” truth; assignmest
s c)zsffmd as follows : for any variable 4, R, v (A)=1 iff (I(1) (), I(2)
(1:) Ea;. .
Proof. Suppose I sati.fjes o=X, ..X,~Y,...¥, Suppose also X,..X,
is true under th- special truth assignment $;. Hence U (X)=1, Vj=1, 7.

|
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i ' 2) (i)) ea, if X,—4, and {[(1) (1), I(2) (1) €, if N =
T;}]'fl'ltfili’BE;TJ(tll)w(?()izéfiEm]irEiczn(o)f)satifsfaction, it follows that (7(1) (), 1(2) (1){) ]El:x if
Ye=(44, ) and (I(1)} {5), 1(2) () & a; if Yf,:-(Ai, ) ‘v‘fc=l_, s, It f0 otxlvs
that Y,. . .Y, is true, that is g is true. A similar argument is used for the
o cf’ect gbc a set of dependencies for R and o a dcpcn.dcncy for K.

Lemma 2. Let J =i, with IEZ and Ij=%6. Then tirere 1s a two-tuple
subinstance [/, of I which satisfies ¥ and dcces npt satls.fy- o

Proof. It follows directly from the ;lppz'oprlatf: dcfmlltlon. 0 ‘

If R, Z, ¢ are as above, we shall write §_|=E if o is a logical consequence
from Z. '

Theorem 1. The following properties are equivalent :

(i) IEZ implies Il=o for any 1€y, (4
(iii) Zi=g.

Proof. (iy=(ii). The ,, =" part is trivial and the converse follows from
Lemma 2. N I

(i) =(iii). Assume that (ii) is true and (iii) falsc. I'hen there \g\flsts an
assignment ¢ for which the formulas in Z are true and c is false. We cons-
truct a two-tuple instance I : {I, 2}—Tupl as follows : I{1) (A)=1, YAER
d1(2) ()= {2 Aisassigned i e h 4,0 and £ are fixed
= U if 4 is assigned 1 in d ' |
elements in D, such that (1, 0)& 24). Let us note that ¢ is thf: special truth
assignment, for 7{(1, 1) Sa, by reflexivity). From Lemma 1 it follows that

d Ilsts, a contradiction. ‘
e ;?i):(i}r)_.GAssume Ilo. Let 1 € ,,; be any instance such that J=X

and let ¢, be the special truth assignment for 7. From Lemma 1 and Za
it follows that o is true in ¢; and JE=e.[J '

In the sequel, X, Y, Z, will be nonempty sets of marked gttrlbutes
T, U, ¥ — sets of marked attributes, A, B,_C,-, By (ie{n41], ].E__fe—{-l])—"
marked attributes ; A° will denote (4, ¢) if A=(1,.) and (4, .) if A=(d4, ¢)
{for any A =R). ' |
H The following set of inference rules will be refered to as INF :

) XSY X vyeX
2 X=X yxy, v, w o wev
2 XV oYW

XY, Y7

vX,Y,Z
(3) X2z
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TA—B -
(4) —-— vT
TBf—y‘-i" E A! B!
C;..._C,. C —"C_'”-j-_l, Bl“'})’.f"'jj)k—*fji'l-l

() = LWt E el Ul 1
C1CisCotronCalCoin) By B, Bty Boms Brps

vC,...C +p B, .. EHI nnz1, k21 where €, coinci i B
ahl EERES 3 = 1, = 3 .lIlCldC with (I7,)"
C»+19‘é Bk+l if ‘ phise ( J) wn

E‘lmé‘;_lz‘ﬁ-l...én*:@,...g,_,]§,+1___ffk

XE-;Y’ XEC——»Y

6 .
(6) oy vX, Y, A

Remark. We shall prove that IN¥ is a sou

: : nd and complete sct of infe-
renccf: rules for relational dependencies. From Theorem 1 Erc seec t}?:ftmtf]fe
px:;)q can be done in a fragment of propositional logic, any dependenc
o being t.ranslated into the corresponding formula ¢ and any inference rule _y
into an inference rule for formulas (we shall denote the translated inference

I :
;’3629; lL__Il’INF). We refer to [[3]] for a more detailed presentation of these

Theorem 2. PINF s sound, that is if I | o, then Za (orL} =9 )]
' o —PINF™ - - —PINF =0
Proof. It is not difficult to sce that for any rule in PINF, if the hypothe-

ses ar% true, the conclusion is also true.
emark. Given I, the set of ‘axioms’, we can transform it in a set

_E'_i_n the following way : replace any c—X—»B}...B}EE by {X—5B,,..,.X—
—B,} (using (1) and (3)) ; then, apply (3 Ly tire
: ; » apply (5), (6), (4) as many times i

It follows that Z' does not contain complementary liter)zfxls (tha:tlsig?sill;be]:é
do not cxist _g’%z” in _2_]', g’—-X,B’—»(,:‘l and ¢"=X,(7] B')-,C‘.,).
- Tl'feorem 3. A formula e=Y B is a logical consequence from i ffit
s a logical consequence from T'. B

Proof. (sketch) : If a is a logical consequence from X, it is also a logica
consequence from X, since £’ consists of formulas that are logical consequen-
ces from ¥. For the converse implication, using the ‘derived’ inference rule

o XY, Xz
an, () Al : ' 7
([[412, (031D X_,yz » We must prove only that:if p, = B,V ... VB,

and p,:lc,V...VC,, are clauses (k,7>2) and p=B,V..VB, VC,V. VC,
1s a resolvent of $, and p, (that is B,="1C)), it
literals) is a logical consgqu(ence ’fromI {p? ifli)ti:s1 :Iligigaf é::vxiggqizﬁa;tf:;vrﬁ
;{);51, #a}. It can be shown that for ¢ to be a logical consequence from {p,, b4}
ut not from {#}, ¢ must have a specific form ; we can find then an assi x:-
ment for which p, and P2 are true and g is false, — a contradiction ¢
Theorem 4. PINF is complete (that is, if ZFo, then T | o or equi-
- = PINF—

valently, T X}, )-

—PINF
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Proof. Using Theorem3, X can be replaced by ', We shall show that if
¢ cannot be proved from ¥’ using PINF, it cannot be a logical consequence
from T'. Firstly, let us note that if e=X—Y cannot be proved from X',

then there must exist a variable A eV such that X—A cannot be proved
from £'. We show that there is an assignment + for the variables B €K such

that ;hc clements of ' are true and o is false. Namely, if c_:=A_,...AT—>A_,

we put 4(A)=0 (that is, $(4)=0 if A=4 and ¢(A)=1if
A="14) and $(A)=1, =1, ¢ {that is§(d)=1 if A=A, and ¢{d )=

=0 if A,=="14,). Let usnote that it is not possible to have incA=Aor A,=4;

because otherwise X— A could be proved from Z’(that s, until now ¢ is well-

defined). To have the complete definition of &, for any other variable B
(different from A,, 4), we put Y(B)=0 if B appears in a left member of a
formula in £'. For the remaining variables B we put J(B)=1 (¢ is still well
defined because 3’ does not contain complementary literals). All the formulas
in I’ are true in Y(otherwise o could be proved from Z').
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