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L1 Proposition. Let H 2 U= be a commutadioe -module with  dletade
g =00 abey and B =(0h. abe) then

R oAt = LRy (e n Sl NEd= B
Proof. We deduee Trom (L1 thal
HiNg =, Bzt (it Si=u. S=HES =11

therefore using proposition 3.2 we obtam (L3
The next proof is based on the following property ol every Mmosdule
with ilerale :
HOl oo Bt —(adHSE -1 ) = (S Lot 1, =t

for every ze&(Ha. abey and <D, abey,

50 Propasition. Lot HooP—0 be o compmnudadive T-muedule agth terale.
Iz abey and Be(ib. abey (hen
(1.5 O, )z, B=tes(Buat, 1, b

Praof. HO &1 xSV ==1TH04- 1,0 HESE) (=28, v = [IESEE 1)
U0, <3S O a L (SEg 1) = =B ai, (1 =)
The next proof is based on the following property of every  {fmadile
with iterale :

(0 ,) 7. So=)t «. fh1, -0, 2§l

lor every z=00a. hey and Z<=Q0h ho).
L6, Proposition. Lel I 10} be « commudative [ module with elerate.
I z=(a uey and S0, ary Then

1.7 (= % H( =011 HUl 00 & vl
Proof (<o & oM, 0, 0t s c- 80001, =0, =1y 2],

4

U=t b o ISR = 1ot s MOl (1) - < 4. 95
HiShH <%, (1,00 t. 1, Hil,—0,), 5 i
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EQUINVALENT COMPUTATIONAL SEMANTICS O CONFLUENT
FERM REWRITING SYSTEMS
BY

P dUCAN angd ©0 MASALAGITT

¢ Lo Inteoduction. in |1, compulalional  semaniics o lerms il
lerm rewriting svstems are studied. In the case of confluent Lern rewriling
systems, twao Kinds of semanties. Tor the same term (. are defined. These are
denated Comp g, oo 1y and Nal.w oy () where s the stntantical dowmain
ta complete f-algebra) and R o term rewriting svstem. For the case of noethe
rian or deterministic svstems Lhe problem :

1 - (VO NV al e () —Comp e 4, i)

is posttively solved. In this paper, we prove thal (1) remains valid for the
general case ol confluent term rewsiting svstems,

2. Preliminaries, The basic formalism ix that of G, Bond ol RER
210 Trees, term rewriting systems and computations. et XN nd

N
3
I he Tixed denwmerable sets of variables and function svibaols (F,

=1
=0

heing the sel of funelion svmhbols aof aritvi)y et We Wy D (=N
fSAI<I<Y where (f. B will be denoled by [N dree (Faree on Ny s
then o partial function {: W= Nu# with domain dom i which satisfies -

alb w=dom (DA | v=p=dom (/) ;

by wf: =dowm ty=tamy [redom () wn Wi fiafe o '
L the definition above W, is the free monoid generated by W (the monoid
aperation is concalenation and he empty word will be denoted by #). For
L=Weunpo = WE standard notations of Tornal banguage  theory were
nsed, und .

O epttsl 30" = W (00 o,

Liw oty ueW Apusi.

In this interpretation, the Lnodes” of a Lree { are the efements of dom (4} and
for wedom () fiy s the fabel” of wode . The tolally undefined mapping
an W gathe empty tree”y is denoted hy L and one-node trees by their label
Forexample. ihe tree £gogd . gy, Btey). that is '

]
/ i I
I
1 Ut



L] L JUCAN and O MARALAGIL

Yoo -_—

t-

is a partial mapping having domdf) =g g g g y_.hi,f and  sin en I
Hey=g. W) =g g =i g = 4. fiyf) . The set ol .l.]'ll‘i“\ will ‘hv
denoled by M, Ny and the sel of finite trees (brees having finite (.l.mnzun)
by .\l,.(.\'i. Fhe standard dess defined partial order o2 can be defined on
Mo(XNy:

[z fe(Vu= Wotnsdom (f)y=u =dom (N —1an.

The sel of ferms ( 2 — maximal finite treesy will be denoted by W oNy Far
[= M (X)) the set ol oecurrenees. ve (1. is given by -

M oce (L) el _ .

by oce () - dom (DU Sief, wedom (WA - [l Al<is Ll st
For weoee (1) te subtree of Lal oecarrettee uo Chay s defined by

a) dom () ay=dom () a by ) ) TR

If o MaeNy and {5 MIN) we consider the sels @

ove (Fy o soce (OAUL =T

inl (O —oce (o ueetN

We say hal £ iv an instance of o madches Myttt £ s th \'\hl'lt' N :\[ .

A L XY is u substitulion and s° is its unique extension to M (N) Land £ are

unifiable iff one ol them is an instance of the other. T~
For f. 1= XXy we say thal ! operlaps U al eeeurrenee it = int(/y and
(tey and I are wnifiable. . _

A ferm rewriting system CFRS) s o Tinite relation = M Ny < Mo(X)
such that every r=—=(0.00= R (0 Ihsirh i —rhs (r)) salisfies :

a) O€ X,

by var(0)=vargh.

¢) s hinear, .
where [or {= M (N varth lrE N (dusace () () ! a.n(l {1s fitear
iff every variable has al most ane occurrence in /. The elements of B oare called
rules.

Given a TIRS R and a lerin Lo we pul

ihse £y = hs (r).
P ER

theg By =1 Jhe (1)

reER
oce(f) - | e aveAL IV hs () (350 N= MEAND (W =500 .
ved 40 Suo ry o pEmoce A 38 N—=MoaNp ity s (Ihs (0.

The elements of red ) are called redexes fov 10N redex {100 Says ||!ill'| -l'.llli'
can he applied for the subtree (£ ) of £ In order Lo avoid a too fine definglion
of computation. we introduce the nolion of consistent set ol redeses.

A redes (wr) everlaps a0 vedex () W there exisls = \L,- sneh thal
v and s () overlaps hs (7)) ol ovenrenve i For f=M Ny w set
s ted o1y is consistent 10 any Ewa elements of 5 do nol overlap, )

For (4’ MUNy the replacenend of the sablree al oceureence won Ehyl
tdenoted (£ u) @ or #ue-t"|as defined by

ay dom (J' u] H=tdom (1} jus Wt et dom ()

A EQUIVALENT COMPUTATIONAL SEMANTIS 323

by [ ttny =ty if e=dom (GAa o 1
ey [# u] Hawy oy if wedom ().
Given any T MaAXNy - MpXy the one step rewriting relation deteriminel v
1. denoted e is defined by e
I 3r = (L0 = 1) (3 s N— M Np
(A =oce () (Hwy < (Al s () el

v consistent set of redexes may be viewed as a partial mapptog from oce (4)
to I (indicating whal rule is to be applied al some accurrence) whose domain
is

dom (s) 0 w=occtOACIr= Ry ((ur)=m)) .

I'he resufl of the application of 4 consistent set ol redexes s To oo lerm
(denoted by f-5) is recursively delined by .
ay '@ 1.
by W s @ then - 05" where ' 5 o, sty
and s the least element of dom (7)

Lr i
{e.g. vin lexicographic ardery  and = 5
We o shall o write —Fvl' il g s a consistent set ol redexes for foand {5,
]

Let fobe a FRS and 7= M (N0 N computalion of {in I s a sequence
(G:). g such thalt Y =1 5. s a consistent set of redexes for 5.4, ... 5,
tr a3y 15 a shorthand Ter (s 5,00 00 5, ) The index sel Fonay he
Noor an intlial segment of NI 7 s Finite, - (5.}, is a linile computalion
ot £in & Adoays sy o of fength -0 O where - is The integer such thal
[t ieNAi= ~ . The sel of Tintte compilations ol { in /s denoted
0. the empty computatinn by = and for & C i) we shall write :

e I ot U=ty S0 20 T
LI =N, the computalion ~ —ts.,«; is infinile. the set of mfinite computalion

being denoted by &30 and for - =050 we wrile :

-~ o
] i

"y S B P W M F S A U

We pul G =900 e a0, A step ¢, =1, in a computation may thus be
viewed as being realizea by a number of Lparallel” rewritings, The size of a
compulation = is the number ol nanempty steps and is denoted by~
Because we are interested in the results of computalions. o nobwn ol Lequiva-
lent compuiatlions™ is  necessarv. To starl with, some other nolions are in
order.

oot — 0 o=ty — . the compustlion of - with . denoted by

b . LT 7y :
o~ s Lthe compulation { =0 = — O IF 1 is o lerm. w=oce (fpoand
ryered (), we define the residual and fraee of w0 by fur) (denoted res
pectively by whe r] and o —ur )
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ay Wb wEn or e i then o] wo wr Hn!

hy il e e 0 then
b i dreint (dhs (rp sueh thad o wes then e} = &0 and
w.r I
h2y if de=oee (N lhs (ry and e’ soch Lhat o g’ then w|wr]
wu.r e e' pEoce (rhs (rpAChsry 0y = ths oy m ! Lw
Fhese notions can naturally be extended to finite computations and sets of
cecurrenees, Namely, given f= 3 (X)) =000, Woace ) the residuals
and Lraces of Wby - (denoted W] and W =) are the sels given by
{u) Wil --Je= | j ]~ ] W ey UJm
Aol eh
thy wiz]- e} —w- 2,
ey wla ] —twlalpy [--]owm {th 5. )-

(y w| @t Tt -

tey il s =0 then wls| —urfearh |77
wens (o rooy s where (ryEg. w s the bast element of dom
) (wilh respeet to lexicographic order) and & -5 l(u. 1)
It a.s’ are consistent sets of redexes for { we sav thal thex are compatible
(writlen 76"y ilf sU " 05 alse a consistent sel of redexes Tor £, For sich sels
a5 ol redexes we can formally define owhatl remains to he done of the tirsl
after applyving the other™ :

sla'] =lw'. ry () (GnrysasAw’ swla' !

als'] is called \he resideal of 5 by o

Lemma | (|1| P d8D. For oany 6.5 f'r»m,rmlr'hh- cottsisfent sels  of
redexes for . gls'} is « consisten! sel n/ redeves for ! aloed (Ij is rrlu[iue tn “
consistent sel ra[ tedeves o for +HE ~ 2 or oag’ e A a2 @ and -
relative lo a|s"]. We say thal - realizes o {or s a drrrrinpmrn{ ol =) it -
relative o o (dom tg)) [+] - @, H = realizes 5. nothing of & remains to lm
done after il - performing all the rewritings indicaled hy a4,

We introduce the following relations on ¢ 4f)

(it o~ T are developments for the spme consistent sel ol pedeses
s Tor f or 20 o

(ii) I T AR LSy W 1)

The transitive closure of L7 is denoled by =7 gnd 11 s an e uivalence rela-
Lion tequivalence by permutationny. Other relalions on € () can now be defi
ned

{1 <l e 3N (- kit Ah.
{ii) e IR AN S
The relations ..":_." and L7 cun nalurally be v\'lvmh‘d o h a1 p.

202 - 203). the extensions |:ll‘||!“ deneled hy .'__ “and . Tand they are o
order resectively a preovder on C L. The eiuivalence li‘ldllnll induced hy
the preorder €77 i3 dennted .= and il is 4he desired  equivalence  of

computations.
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"

Q0 =~ has many interesting properlies but we need eapecialiy
the following one :

Lemma 2 (1], p. 206y, For all - E(.i;‘l’.) Hurc fz'.ix'!.s‘ ~ =0y sk
thal - s < -marimed (i "< 3= 827" and ~<g -
I'he set of € -maximal compudations will be (l(ncalul h\ Ga )y Intuitively,
ol *;*"(_,Q(I). then cnothing remams to do aller i

§ 2.2 Complete F-algebras and semanties of computations. \ domain
isouocomplete partial ordered sel. thal is oo teiple =00 .0 where

(i I is the carvier sel .

(i) Teh - D is a partial order

(i) L<=0 is the least element :

{iv) anv directed set No 1) has o leasl wprper bound o £ {luby denoled

[N\
N oeomplele F-alyebra is o tuple Aoy, ol [sl) = where
DT 04 is o domain, Fis o set of hm(llun a\mlmls and for any f=1,,
{138 o continuons Tunclion [, D). If A=< ), Tl {f 1 fsiY>is a

complete F-algebra, any mapping ¢ NS D may hl‘ umqu(l\ extended to e
Mp(N)y—D. lhv IH!(I])N!HHHH of a lerm l¢=h’, (N) in 4 is the mapping
et DY D given by 4,0y e (). Now. the A-gemanties of {he Innguage oy or

ffu XN \\huw abstract synlay is M (X)) is the mapping 7. 1!,.(\)-—-})“
given by il =1 .

Forany I and N owe can consider as a particular semantical domam 1 he
complele  F-algehra 1 Mt <o Loy i f=F o namely the free
complete F-ulgebra generated by Fy N llu semantics 7., is then the symbofic
seinandies.

Now. having a semantics tor MA(N) we can define  semantics Tor
TRS's R and compulational semanties for lerms. Namely. if A is o complete

I-adgebra and RS X (N) - Mo Xyisa VRS, 74 .\I,,-(,X)-—».D" is also a senian
ties Tor ROIT :

¢4 2400) <0, L. for any Gelhs (I,
From (3) the following can be proved :
Lemma 3 ([1]. p. 2V If 120 fhen 1,1, and hence 2T 3ty
Given =€ g th as in (23 the result of ~ in the alyebra 1 is the element ;
. res b=l ity | nsE N

The compulalional semantics of o term £in the TRS £ under the interpretation
Vs given by

(1 Compe g st - 1 jresyly =650t
VTRS R s confluent ifl
(YO (VI YL U A L= 3D U, 2 T A =2 D).

For confluent THS's we can define another coaneputalional semantics for
alerm f

() Valigoad )= | 1ra(f) = 1}

i+ hatematied
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For noetherian (or deterministic) TIN'S elearly The two semantics coincide for
any term  because o) has exacthy one element tnamely the Cnormal form®
of £). In the next section we prove that (1) remains valid Tor general conlhient
term rewriting svstems,

§ 3. Equivalent compatationat semanties, fel . . =0 () be given
]J}' . ’
DT - ‘fl ::, f' i i e !":
U e A T e
{8) o
s oy G: "I
sl Ey ]

whera R is a given confluenl TIRS,

A cenlral concept Tur what follows is that of semantical preorder, 1.4
A=-=D, T, L {f, | f€F}> be a complete F-algebra and +,.v. like in (6).

Definition 1. The computation v, semamtically precedes the computation
e (writlen -\ T~ iff (YneN) (e N) ({0 T ().

In the definition above N is replaced by initial segments of N if anv
ol the computations is finite. )

Proposition 1. The relation .7 is « preerder on © ().

Proof. Reflexivity and transitivity of ., follows directlv {rom the
definition. N ‘

Proposition 2. For any . v, €800 there exists ~=0 () sueh thal
*(,EF_;( and “rgl— I

i

f’roof. Let v . € Op(f) be given by (). We can construel

el’.

d
ol L= o using the conliuence of Roand Tollowing Lhe scheme
1 1 1 [ 1
Gy i) T =1 i T
il A= S S IS L

y P
o g ~_= 5 n
0o, % s aeel L% Bilg

el f—= 65— = o e

The result then follows using Lemimna 3.

. Y Oh A S .

Proposition 3. Iﬁcrv exisls a compulation < €0 pif) such that for any
vl p () we have ~T 3.
S ‘I_’rrwl- Ihe set of oceurrences of a lerm is finite and R is linite, Hence
Cr(f) is a denumerable set. @R(0 = {v,. v.. ..., v, .l We shall construct T

using the confluence of R and a well-known diagonalization scheme -

T B N T Sy L pyuiey ) NN
ot s s | S

077 A e T
I e L T

: 3
Iihl_-)!h—’
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More preciselv. from (5] and (207 there exists £ sueh thal 257 and 54,

and hence 1254, From (257, and {27, there exists £, such that /-5 ¢, and 724,

and hence (27,52, a.s.o. The resuil again Tottows from Lemma 3
Corollary. The computalion ~ given by Proposiion 3 may be ineluded

it o < “-marvimal compudation which has Hhe same resadd e 4 oas -

Proof. By Lemma 20 given =05 Lhere exists = 06 with

< 7o Henee, Tor any 3640, =755 Lhere exists A0 ,(0) such that

c=dc and =78 We have then 8:!.'*1',,. S:II'-"_!,L. {o—t. and so the
following condilion is satisfied : (Ve N) (30=N) O ) =7 ,00)- 1 Tolluws
that 77 v Bul from + 17 % we conclude res () =res () and v =65 (0).

From this corollary we can consider that the computation 5 given by
Proposition 3 is = “-maximal. -

Proposition 4. If R is « confluent TRS. then for any (=MW (X)) there
evist DT cuch That ves () =Valoge oo ).

Proof et Myme b nsNE and o Ma=47,(0)y i L3 Uy where

-
1 -

T fead By nis given by Proposition 3 and s £ “omaximal, From g =

meE N we have

rdlyEM. voe N and so res (7)) T Valog oo tf). For the converse. lel us
-

consider any 7 such that <" /= By Lemma 20 there exists el

woob =ty — osuch thal ~“= - By the definition of .« . there exisls

neN such thal 1ty =0, Because T 7. there exists A= N such that
7Y =2 (0T 3 o). Taking the lub in the preceding relalion we oblain

Val, g s (1) [ res ()

Remark, To prove thal condition (1) is true in any compleie F-algebra
which satisfies {:3) il suffices Lo prove (1) in the tree complete F-algebra .
In this algebra 1he symbolic semantics resgly) is an element of M (N)y and
L is the less defined order . =7, Because Comp A =y dres () ve
Tt and we have proved thal there exists 7€ 7 (f) such that Valog 4, (0=
—~res (7). it remains to prove the validity of the condition :

{7) (Y- =7 Wl {resyl) —res7hh
Bul. from the definition of T and the properties of % (given by Proposition 3)
we have resy() 2resgls). Tor any = a1 remains to show  Lhit this
relation is not  slrict,

Theorem 1. For any --=7 (). the empty free i nol a sabiree of resy(~).

G

Proof. For any elementary step =7 of a computation ¢ (5= {(u, N},

re Ry, if L is a subtree in 2 4(f') then () is unifinble with ths (r), 1 being the
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subtree of / at oecurrence u. Thus, ¢ L indicales an occurrenee where o rule
from R could be applied. I resy(v)=({), has the emply tree as o sublree
then we could apply Lo £ a rule of 1 and henee - wonld nol be“a< -maximal
computation.

Theorem 2 The condilione (1) is valid for any tevin {0 any  complete

Foalyebra 4 and any lerm rewriting system R owhich salisfies ().

Proof. Following the remark after Proposition L we must only show
that for any v =g () the relation resgly) <resg™) s in fact an cquality (<
denotes the € -maximal compulation that includes the computation given
by Proposition 3). Irom the delinition of <. the ahove relation can be siricl
iff L is a subtree in resy(+). But. by Theorem Lihis is nol possible.
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ON THE 1S FTERRELATIONAL DEPENDENCIES IN
DATABASE SYSTEMS
B

VICTOR FELEA

ln the Tollowing. we consider the relational model of databases due to

Codd [3]. who introduced and studied the first dependency. named functional

dependency. Let {7 be a finite and nonempty sel. The etements of {7 are called

attributes. For cach A€ a nonempty set - 1DOM (1) — is given. A tuple

(over 1) is a wapping 2 U=l DOM (A}, such that o(d)e DOM (A).
Aet’ 3

A relation over UL or Eorelation is a set of tnples over L.\ relation sche
me is an ohjeet R where s the name of the relalion scheme or velation
svmbol. A database scheme 1) o [ R, [('} - R [U,,], is a set of relation

schemes. A database over D is a mapping that associales each retation scheme

RJU o] with a relation r, over R Werefer to r—=(r. r.. ... r,) as. the database.
In [1] and 2] R. Fagin sludied many classes of dependencies. Using
the certain first-order sentences. IR, IFagin defined (he implicational dvp(_n-
dencies (11D} and embedded |mplmit|on'}l dependencies (1), Many depen-
dencies are equivalent lo a finile set of implicational (or embedded impli-
calional) dependencies. Also Fagin studied the existence of Armstrong rela-
Ligns_ lor these (,l:l’;\i‘\ ol ;vavmlvnrws and a class of interrelational dcpen-
dencies. :

In this paper we discuss o generalization of the Fagin's intcrrgzl'aliuna]
dependencies and show the existence of  Armstrong-like” database in the
|1rvstn((' of the new (l(p( ndencies,

For inore information. aboul uwotations. definitions and results. see {1.4].

A database is relationwise nonempty il every velation in-the datahase is
Hottenipiy. In the following. wi only consider such databases. Let r/=(r{, ....
1.k j€J be a nonemplty Luml\ (I#: @} of databases over ). The direet pro-
(hl(‘ cdenoted ® < _]E I=. s the database r=(r,. ... r,} over 0. such
that Tor every ie{l. 2 .. n! we have

(B 1,,)Lr~—~v1,, \(r jed)y h=1."d\.

whete dyis the arity of 1y and N is the Cartesian product.

The domain of the attribute. =1 -in the direct product is X(D;, j=J),
where [1 - DOM (. i} in . Let o hr il sentence of first-order logic. which
vonlains the relation sy mhals R,. .. R, We sav that 5 is up ward faithful
(with respect 1o Lhe direct plU(lllL!) f whenever (r', jEJ) is a noanpL\
family of databases such that ¢ holds for every /. then 5 holds for & <



