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ABSTRACT 

View Integration is investigated with the help of 
three classes of interrelational dependencies, II-I- 
cluslon dependencies, exclusion dependencies and 
union functional dependencies The process of view 
integration 1s divided Into two steps, combination 
and optlmlzatlon View combination consists in 
deflnlng new interrelational dependencies that 
capture similarities between different views The 
optimization step tries to reduce redundancy and 
the size of the schema Finally, general results 
about interrelational dependencies are presented 
that lead to an optimization procedure for a 
restricted class of schemas 

1 INTRODUCTION 

We investigate in this paper how certain 

classes of dependencies can be used to secure 

sound foundations for relational view lntegratlon. 

View Integration 1s a database design method 

that suggests to synthesize an integrated concep- 

tual schema by combining previously obtained 

schemas that reflect, for each class of users, 

their view of the enterprise CNG,TFJ 

We assume that all views have already suffered 

a preliminary integration process to detect when 

entlty/relatlonshlp sets [Chl of different views are 

of the same type The question then 1s how to 

Integrate views that have entlty/relatlonshlp types 

In common, but which may differ on the entity/rela- 

tionship sets represented and on the attributes 
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commerctal advantage, the ACM copyrIght no&e and the tltk of the 
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considered 

We propose to divide relational view rntegra- 

tion into two steps, combination and optimization. 

To combine a set of views simply means to define a 

new schema R that contains all orlglnal views, plus 

a new set of interrelational dependencies that 

express how data in distinct views 1s interrelated 

The optlrmzatlon step then tries to modify R to 

reduce redundancy and the size of the schema The 

optimization step 1s of interest by itself as It 1s 

similar in purpose to normalization [BBG,Ul,DaZ] 

The classes of dependencies considered are the 

inclusion dependencies (INDs) [CFPI, the exclusion 

dependencies (EXDs) and the union functional depen- 

dencies (UFDS), besides the usual functional depen- 

dencies (FDs) INDs are quite useful for view in- 

tegration since they can express that two entity/ 

relationship sets, S1 and S2, of the same type, but 

from different views, are equal or one IS a subset 

of the other; EXDs can express, on the other hand, 

that Sl and S2 are dlsJolnt, UFDs may be used to 

lndlcate that attributes of different entlty/rela- 

tlonshlp sets are synonyms Hence, these constraints 

avoid integrating views based only on overlapping 

structures or on naming slmllarltles, as suggested 

in [NG,WMl. 

When using these dependencies for view inte- 

gration we must keep in mind that they interact in 

unexpected ways (see [CFPI). To overcome this 

difficulty we state separability results that 

indicate when sets of dependencies from different 

classes do not interact or, at least, interact In 

predicted ways We also define a subclass of INDs 

for which logical lmpllcatlon can be decided in 

polynomial time 
@ 1983 ACM O-89791-097-4/83/003/0036 $00 75 
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This paper 1s divided as follows Section 2 

contains basic definitions. Section 3 discusses 

view Integration. Section 5 states results about 

the dependencies consldered that Justify the 

optirmzation procedure dlscussed In Section 4 

Flnally, Section 6 contains conclusions and dlrec- 

tlons for future research 

2. PRELIMINARY DEFINITIONS 

A relational schema 1s a pair R = (S,C) where 

S = $CU,l, ,R,[U,l) 1s a set of relation schemes 

and C 1s a set of dependencies over S A database 

or state of S IS a set D = {rl, ,rn) of relations, 

one for each scheme, such that rl 1s nl-ary, If 

lull = nl 
If X and Y are sequences, we use Y 5 X to 

indicate that Y is a permutatlon of a subsequence 

of x 

In the rest of this sectlon, let R = (S,C) be 

a schema and D be a state of S 

A functional dependency (FD) CAr,Da,Ull over 

S 1s a statement y of the form R1*X+Y, where lsisn 

and X,Y are sequences of attributes of R1. We say 

in D iff, for any t,uEr 1 , lf 
t[Xl = uCX1 then tCYl = u[Yl 

An lncluslon dependency (IND) CCFP,Dal,FV,Lll 

over S 1s a statement u of the form RICXlrRJCYl, 

where lsl,J<n and where X and Y are sequences of 

attrlbutes of R1 and R , respectively, such that 

1x1 = PI 
3 

We say that u 1s valid in D iff 

rlCXl 1s a subset of rJCY1 

INLs are quite useful for view Integration 

since they can express that two entlty/relatlonshlp 

sets of the same type, but from different views, 

are equal or one 1s a subset of the other For 

example, if user A sees EMP[EN,DNl and user B 

sees SBCRETARYCEN,TYPING_SPEEDl, then 

SECRETARY[EN]cEMP[ENl lndlcates that B sees a 

subset of the entItles perceived by A. 

An exclusion dependency (EXD) over S 1s a 

statement 6 of the form RICXl 1 RJCYl where X and Y 

are sequences of attrlbutes of R1 and R , respectl- 

vely, such that 1x1 = 1~1 We say that'6 1s valid 

In D lff rlCX] and rJCYI are disJolnt A vacuous 

EXTI over R1 1s any EXD of the form RICXl IrRICYl 

that 1s valid In D iff r1 = 0 EXDs have not been 

consldered in the literature, except lmpllcltly 

in connectron with a database abstraction called 

partltloning 

EXDs can express that two entlty/relatlonshlp 

sets of the same type, but from different views, 

are disJolnt For example, if user A sees 

UNDERGRADCSN,DEPTl and user B sees GRADCSN,DEPTl 

then UNDERGRADCSNI 1 GRADCSNI Indicates that A and 

B see dlsJolnt sets of students 

A union functlonal dependency (UFD) over S Isa 

statement JI of the form <R ll X1+Yl, ,Rlm X,"y, 

where XJ,YJ are sequences of attributes of R1 such 

that IxJI = /x,I and IYJI = I~kl, for any J,kJln 

Cl,ml We say that JI 1s valid In D lff, for any 

J ,k In [l,ml (J may be equal to k), for any tErl 
-8 

and any uEr 
'k ' 

if tCXJl = uCXkl then tlYJl=uiYk! 

Note then that 6 implies the FD R1 
. "J"J ' 

for 

each J E [l,ml Moreover, if m=l, &en 9 reduces 

to the FD R 1l'Xl*Yl UFDs are a special case of 

the dependencies consldered In CCa,Kll 

UFDs will be used to lndlcate that attrlbutes 

from different relation schemes are synonyms. For 

example, consider the set of relation schemes 

S - &TUDENT[ID,DEPTl ,TEACHING_ASSISTANTCID,DEPTI) 

Let D = {s,s') be a database for S Suppose that 

ID 1s a key of each of the above schemes ThlS 

does not imply that if (l,d)~s and (l,d') ES' 

then d=d' Indeed, DEPT In STUDENT may be the 

department where the student 1s enrolled, whereas 

DEPT In TEACHING ASSISTANT may be the department - 
where the student 1s working, which 1s not necessa- 

rily the same where he 1s enrolled If otherwlse 

DEPT means the same in both schemas, then ID must 

be the conunon key. That IS, If (l,d) ES and 

(l,d')~s' then d=d' , which 1s expressed by 

<STUDENT ID*DEPT,TEACHING ASSISTANT ID-+DEPT>. 

Given a set of dependencies .Z and a single 

dependency 0 over S, we say that C logically ImplIes 

u with respect to flnlte databases, or that U 1s a 

loglcal consequence of C, lff for every flnlte da- 

tabase D of S, if all dependencies In C are valid 

In D, then U 1s also valid In D If this 1s the 

case, we write C bfU We say that a dependency CL 

1s trivial iff 0 \=fa 
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3 BASIC VIEW INTEGRATION 

The first step of any design methodology based 

on view Integration would naturally be to obtain a 

schema (or view) for each group of users The size 

of the schema should be such that it can be obtained 

directly by a monolltlc design method Then, the 

indlvldual views would be integrated into a single 

conceptual schema This step involves detecting 

when structures from different views represent the 

same lnformatlon 

There are at least three very serious problems 

connected with view integration First, one should 

expect to start with a large number of different 

news This problem can in part be solved by a 

hlerarchlcal view lntegratlon strategy That IS, 

groups of closely related views are integrated sepa- 

rately , obtalnlng a new set of views, and so on 

until the final schema 1s constructed For example 

views related to the marketing department are lnte- 

grated to obtain the view of the whole department, 

which may be slgnlflcant by Itself, and so on 

The second problem refers to the fact that 

widely different structures may actually represent 

the same lnformatlon This problem 1s discussed in 

CKel and lies outside the scope of this paper 

Finally, the third problem 1s that even after 

resolving structural differences and classifying 

entlty/relatlonshlp sets into types, we must still 

interrelate and integrate entlty/relatlonshlp sets 

of different views, that may also differ on the 

attributes consldered It 1s to this problem that 

we restrict ourselves from now on 

Suppose that each view V1 1s described by a 

relatlonal schema R = (Sl,Cl) where C contains 
1 1 

only INDs, EXDs, UFDs and FDs, and where S1 and 

SJ do not have relation names in common, for each 

1 and J In Cl,k], with 1 # J The combination 

step consists m deflnlng new INDs and EXDs to 

lndlcate how entlty/relatlonshlp sets are interre- 

lated, and new UFDs to indicate which attributes 

are regarded as synonyms (see the examples In 

Appendix A) Thus, the result of comblnlng views 

R 1 
= (Sl,Cl) , 111, . ,k , 1s a schema R = (S,C) 

with S =,U; S and C 
= 1 

=,u; Cl u c’ , where C’ 1s a 

set of INDs, EXDs and UFDs over S The optlmizatlon 

step will then try to mlnlmlze any redundancy lmpll- 

clt in R = (S,C), regardless of whether or not the 

original views Rl, ,R 
n 

already contained redundan- 

cles (although Ideally we may assume that the views 

were optimized before the comblnatlon step) The 

optlmlzatlon step will also try to reduce the size 

of S and C by comblnlng relation schemas when appro- 

priate 

The goal of the optlmlzatlon step, as stated 

above, is somewhat vague, specially because INDs, 

EXDs and UFDs interact in a complex way (see 

Section 5) Thus, from now on, we will concentrate 

on a restrlcted class of schemas for which we can 

precisely state the goals of the optlmlzatlon step 

Let R = (S,C) be a schema where C contains only 

FDs, UFDs, INDs and EXDs We say that R 1s restrlcted 

lff there 1s a function f S+K assoclatlng a sequence 

K1~K to each R1~ S such that 

(1) C implies that Kl 1s the only key of RI, and the 

only FDs over R1 in C are those implying that Kl 

IS a key of R 

(11) If R1cX] ,RJ;;] 1s In C, rhen X=Y=KJ, 

(111) If <R X +Y 11 1 1, .,Rlm Xm-+Ym’ is in C, 

then Xl= =Xm=K1 = K1 
1 m 

and lY,I=l, JErl,ml, 

(iv) for any Rl ES and any attribute A of R 
1’ 

A occurs in at most one UFD In C, 

(v) If R1[X] 1 R,[Yl 1s In C, then X=Y=K1=KJ, 

To relnforce the importance of K, we denote R 

by the triple (S,C,K) (the function f 1s defined 

by underlylng the attributes of Rl~S that form Kl, 

as usual). An example of a restrlcted schema appears 

in Appendix A 

Intuitively, in a restrlcted schema R = (S,C,K), 

S represents a collection of entlty/relatlonshlp 

sets, ldentlfled by their keys An IND R,[KJ1~JCFJ1 

expresses that tuples of R1 refer to tuples of R 
J 

via their keys, if KJ 1s not the key of RI, or that 

the set denoted by Rl 1s a subset of the set denoted 

by R J ’ 
if KJ 1s the key of Rl An EXD RICKJ]/RJCKJ] 

indicates that R1 and RJ denote dlsJOlnt sets An 

UFD <R K 
I1 ll 

+Al, ,Rl Kl -+Am> lndlcates that Al, 
m m 

. ‘Am must be regarded as synonyms, condltlon 

(IV) lndlrectly captures the fact that the notion 

of synonym 1s transitive 

We note that relational schemas generated from 
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entlty- relationship diagrams [Chl or based on the 

structural model of [WMl are special cases of res- 

trlcted schemas Moreover, we note that each rela- 

tlon scheme in S 1s obviously II-I BCNF (by condltlon 

(I)), which avoids the redundancies causing the 

well-known anomalies of non-BCNF schemes [BBG,Ull 

Returning to view Integration, assume that the 

result of the comblnatlon step 1s a restricted 

schema R = (S,C,K) We propose an optimization 

heuristics that will achieve the following four 

goals (1) R should be transformed so that C implies 

no INDs of the form R,CKIAIcRICKIAl, which lndlca- 

tes that A 1s redundantly stored in R 
J' 

and where 

K1 1s the common key of relation schemes Rl[Ul] and 

RJCUJl INDs of thus form arise as a consequence of 

RJIK1]~RICK1l and <RJ K1+A,Rl Kl+A> (see Appendix A 

for an example of how these inclusion dependencies 

may be created), (11) R should be transformed so 

that C implies no INDs of the form 

Rl[KJl cRJ[KJ] and RJIKJlcRl[KJ1 , which lndlca- 

te that R1 and RJ actually represent tha same set 

of ObJects, (111) R should be transformed so that 

C ImplIes no UFD, since a UFD indicates a potential 

source of redundancy The only exceptions are UFDs 

of the form <R 
l1 xl+yl, *Rim 

Xm+Ym' in the pre- 

sence of R1 
3 J 

[X II Rlk[Xkl , l<J,k<m with J # k, 

since a UFD of this form degenerates into a set of 

FDs R1 X +Y , lSJ<m, 
J ' J 

(iv) if C implies a vacuous 

EXD over R, then R should be eliminated from S, 

since we do not want to retain relations that must 

always be empty (In fact, the presence of vacuous 

EXDs 1s a sign of a defective proJect) 

We observe that goals (11) and (IV) try to 

reduce the size of R, whereas goals (1) and (111) 

try to mlnrmlze redundancy The transformations 

mentioned above should be such that the final 

schema R' 1s equivalent to the lnltlal one, R, ln the 

sense that any consistent state of R can be mapped 

Into a consistent state of R' and vice-versa ThlS 

point 1s discussed further at the end of Sectlon 4 

Section 4 presents an optlrmzatlon procedure 

for restrlcted schemas, whose correctness and lm- 

plementatlon 1s discussed in Section 5 

4 AN OPTIMIZATION PROCEDURE 

We present in this section an optlmlzatlon pro- 

cedure for restricted schemas, whose correctness and 

implementation 1s discussed in Section 5 

Before presenting the optlmlzatlon procedure, 

we need some extra deflnltlons and conventions Let 

R = (S,C,K) be a restricted schema, where 

S = IR1[U1l, ,R,[lJ,Il 

We define an equivalence relation iR'Cl,n12 

such that 1 5 R J iff RICKJIcRJCKJl and 

RJCKJlcRICKJl are both logical consequences of the 

INDs In C We use Cl,nl/ER to indicate the partl- 

tion of Cl,nl into ER-equivalence classes 

To slmpllfy the descrlptlon of the optimization 

procedure, we assume that if K = KJ then U1nUJ=K1 
1 

Since the keys are independently given, and by 

conditions imposed on C, we may slmpllfy the notation 

of the dependencies in C An IND RICKJl~RJCKJ1 1s 

denoted by RlcR 
J 

, an EXD R1rKJI 1 RJCKJI is de- 

noted by R1 1 RJ, and an UFD <R1 Kl +Al, , 
11 

Rl 
K1 "A,> 1s denoted by {R1 [A 1, 

11 
,R1 [A,]] 

m m m 

Moreover, we may assume that RICA1 occurs in at 

most one UFD, by definition of restrlcted schema 

(condltlon (iv)) 

The optlmlzatlon procedure is shown in 

Figure 4 1 
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FIGURE 4 1 

OPTIMIZATION PROCEDURE 

rot 0 

fknp 

PTIMIZE(R,R') 
ut R = (S,C,K) - a restrlcted schema, where 

5 - {RlCUll, ,Rn[Unl) 
output R'= (S',C',K') - a restrlcted schema which 1s 

optlmlzed and equivalent to R 
*/ 

1. be$ln set S' and C' to 0 , 
- set 71 to Cl,nl/zR , -- 

7. 

8 

9 

10. 

11. 

12 
13 

14 

15 

16 
17 
18. 

19. 

20 

21. 
22 

23. 

24. 

25 

26. 

end - 

set C to be the set of INDs In C , 
Fgoai-(1) modify UFDs that imply a dependency 

of the form RICK,AlcR,CK,Bl 

"I 
for each 1,J In Cl,nl such that Cl= 

fl J 
R CK 1 cRJCKJ]do - 

for each UFD F In C such that there 1s RICA], RJIBl In F & 

begin for each A In U such that R CA~EF do 
/"ndltlon (I*) on C, R [Al &curs lnno other UFD 

by condltlon (II) on C ahd condltlon (v), A occurs In 
no IND or EXD In C 

*/ 
begin delete A from UI , 

delete RICA1 from F , 

end 
If F 1s reduced to a singleton - 

then delete F from C , -- 
end - 

/* goal (11) create a new relation scheme In S' by comblnlng 
all relation schemes m S that are forced to be equal 

“I 
for each ITS in IT do - 
begmn add R;cCU'kl ,I&, Ul and q = Kl, for some to S' with U'k - 

k 
for each F In C do 

add F' to C' whze F' is obtained from F by replaclng - 
end R1 by "I: , If 1 ETCH , 

Fgoal (111) create new relation schemes In S' to eliminate 
any remaining UFD in C' 

*I 
for each F = {R' [All,. 

3 
,R: CA,]} In C' do 

begin add a new scheme R'plU'plmto S' with U' = K u {A 1 and K' = - P 
delete F from C' ll l P 

for each UFD F' ,:, C' do 
If F' 1s of the form IR' - 

ll 
CB,l,. ,R; CB,I) 

m 
then begln add Bl to U' , 

P 
delete F' from C' , 

end 
for each J x [l,ml do 

add R'CK'lcR'pCK'pI 70 C' , 
-1 

JP 

lE?l k' 

K 
ll ' 

end 
Fgoal (IV) delete any relation scheme In S' that 1s forced to be 

empty by C' and create key FDs for each remalnlng scheme 
*I 
for each Rl In S' do - 

If C' lmplles a vacuous EXD over R' - 1 

then delete R'CU'I from S' and all constraints In C' over Ri , -- 11 
else add Ri K:+IJi to C' , -- 
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The optimization procedure can be easily ample- 

mented, except for lines 2 (see the deflnltlon of 

E,), 4 and 24, which involve testing logical impli- 

cation Moreover, we must also prove that it 

achieves the four goals proposed at the end of 

Section 3 This will be discussed In Section 5 

We note at this point that lines 14 to 22 

can be modified to eliminate all UFDs from arbitrary 

schemas The resulting procedure 1s quite slmllar 

to the algorithm that creates a schema In 3NF from 

an arbitrary schema whose dependencies are just FDs 

(see Cull) The only sensible difference lies In 

the creation of INDs on lines 21 and 22, which we 

believe should exist in the algorithm of Cull 

We conclude this section with a brief dlscusslon 

about the relatlonshlp that exists between 

R = (S,C,K) and the optimized schema R' = (S',C',K') 

We can easily modify the optimization procedure so 

that, for each RICU1l ES, it produces a relational 

expression e over S' 1 involving only natural Joins 

and proJections and, for each R~CIJ~IES', lt produ- 

ces a relatlonal expression e' 1 over S involving only 

natural JoIns, proJections and unions. Moreover, 

these collections of expresslons have the following 

properties Let D = {rl, rn] be a database for 

S that satisfies C Let D(e:) be the value of ei in 

D Then, D' = JD(e;), ,D(eA)) 1s a database for 

S' that satlsfles C' Now, let D'(e,) be the value 

of e ln D' That 1 Then, D = CD'(ei), ,D' (e:) 1 

is, e' 1, ,eA Induces a mapping from a consistent 

state of S to a consistent state of S', whose lnver- 

se 1s exactly the mapping induced by el, ,en 

It 1s In this sense that we 

equivalent (This notion of 

In [Co]) Finally, observe 

R [U1l can be treated as a 

say that R and R' are 

equivalence 1s discussed 

that e1 indicates that 

new of S' 
1 

5. 

in 

to 

SOME RESULTS ABOUT INDs, EXDs, UFDs and FDs 

When attemptlng to use INDs, EXDs, FDs and UFDs 

any (automated) database design method, we have 

face two difficulties First, the decision pro- 

blem for INDs alone 1s PSPACE-complete CCFPI, which 

implies that most likely a design algorithm that 

accepts any set of INDs will be computatlonally 

hard Second, we do not even know if the inference 

problem for INDs and FDs 1s decidable or not, let 

alone when EXDs and UFDs are also consldered 

We show in this section how to overcome these 

dlfflcultles In the context of restrlcted schemas 

Our tactics is to present general results about de- 

pendencies and then derive corollaries that help 

understand the optlmlzatlon procedure Our results 

are somewhat more general than it 1s actually needed 

in the hope that they can be reused In other con- 

texts or In connection with other classes of schemas 

Section 5 1 indicates how to construct the 

equivalence relation E 
R used In line 2 of the proce- 

dure Section 5 2 shows how to detect vacuous EXDs 

in restricted schemas Finally, Section 5 3 contains 

results that indicate that the optimization procedu- 

re achieves each of the four goals proposed at the 

end of Sectlon 3 

5 1 RESULTS ABOUT INDs 

We describe In this section an easily solvable 

case of the declslon problem for INDs Recall from 

Sectlon 2 that, if X and W are sequences, then XcW 

lndlcates that X 1s a permutatlon of a subsequence 

of w We also recall that C Ifa indicates that c 

logically lmplles CT for finite databases 

THEOREM 5 1 Let S = cR1rU1l, ,RnCUnl} be a set 

of relation schemes and C be a set of INDs over S 

Suppose that if RpCWleRqCZl 1s in c then W = Z 

Then, for any IND u = RICXlcRJCY1 over S, 

we have that C kfo iff u 1s trivial, or 

(1) X = Y , and 

(11) there is a path from R1 to RJ in the dlgraph 

GX = (V,E), where V = {Rl, ,R,) and 

(Rp,Rq)&E iff there 1s RpCWl~Rq[Wl in C 

such that XcW 

(All proofs appear In Appendix B) 

Let R = (S,C,K) be a restricted schema Recall 

that l- J R iff c implies both R,CKJ1~RJCKJl and 

RJCKJ1cRl[KJ1, where C IS the set of INDs In C 

Now, since C satisfies the condltlons of Theorem 5 1, 

by deflnltlon of restricted schema, we can use GK 

to detect 1.f RICKJlcRJCKJl and RJCK,l_cR1[KJ1 arl 

lmplled by C and, consequently, If 1= R J holds 

We may do better, though Recall from Section 4 
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that in a restrlcted schema RICK,1 cRJ[K,l 1s abbre- 

vlated as R1sR . 
3 

Then, we directly obtain the 

following corollary 

COROLLARY 5 1 Let R = (S,C,K) be a restrlcted 

schema Suppose that S = {R,CUl], ,RnrUnil 

Let 1 be the set of INDs In C. Define 1 ER J 

lff C implies both RlcR and R CR 
J J- 1 

Then, i ER J lff 1 and J lie in the same 

strongly connected component of G = (V,E), 

where V = 11, ,n) and (1,~) E E iff R,cR~EC 0 

Corollary 5 1 then solves one of the problems 

raised by an lmplementatlon of the optlmlzatlon 

procedure (line 2) 

5 2 RESULTS ABOUT INDs AND EXDs 

We investigate in this section the interaction 

between INDs and EXDs Our ultimate goal is to 

detect when the INDs and EXDs of a restricted schema 

imply a vacuous EXD, since this 1s needed to imple- 

ment our optimization procedure 

We begin our investigation by presenting in 

Figure 5 1 an axiom system for INDs and EXDs 

THEOREM 5 2 The axiom system for INDs and EXDs 

is sound and complete (with respect to finite 

and unrestricted lmpllcatlon) 

AN AXIOM SYSTEM FOR INDs AND EXDs 

I1 

I2 

13 

El 

E2 

E3 

RCXlcR[Xl 

RLAl AnlcSCAl An1 

RCA Al IrSCB 
'1 m 

. Bl 1 
'1 m 

RCXlcSCYl, SCYl~T[.Zl 

RCXl cTCZ1 

RCXl t SC11 

S[Yl 1 RCXl 

RCA . 
ll 

Al 1 1 SCA Al 1 
m ll m 

RIA1 An1 1 SIB1 Bnl 

R[Xl lR[Wl If R[XI 1 R[WI 1s vacuous 

R[YI 1 S[Zl 

IEl RCXl m if RCXI 1 RCWI 1s vacuous 

R[Ylc SC21 

IE2 R[XlcS[YI, T[Wl~ll[Zl, SLYI 1 U[Zl 

R[Xl / TCWl 

note In rules I2 and E2, 1 1' 'lrn 1s any permuta- 

tion of any subsequence of 1, ,n 

FIGURE 5 1 

COROLLARY 5 2 Let C be a set of INDs and A be a 

set of EXIs Suppose that if R CWlcR CZI IS 

In C then W = Z and that if \Cil 1 Rrn,il 1s in 

A then U = V 

Then, Cu A Implies a vacuous EXD lff there is 

an EXD RICXl 1 RJIYl in A such that there is a 

node Ra of GX such that there is a path from 

Ra to R1 and a path from Ra to RJ in GX 0 

Given a restricted schema R = (S,C,K), since 

all INDs and EXDs In C satisfy the conditions of 

Corollary 5 2, we can efficiently detect when they 

imply a vacuous EXD BY a result of Section 5 3 

(Theorem 5 4 - Part cl)), we can then use Corollary 

5 2 to implement line 24 of the optlmizatlon proce- 

dure 

53 

the 

set 

SOME RESULTS ABOUT THE INTERACTION BETWEEN 

FDs, UFDs, INDs AND EXDs 

We now turn to the question of showing that 

optlmlzatlon procedure achieves the four goals 

at the end of Sectlon 3 We will again state 

results about dependencies that have as a corollary 

the desired conclusions 

Let C be a class of dependencies and CCC 

We denote by C+ the set of all dependencies in C 

that are logical consequences of C with respect to 

finite databases Thus, if C is a set of INDs, C+ 

lndlcates the set of all INDs that are logical con- 

sequences of C with respect to flnlte databases 

Given mutually disJoint classes of dependencies, 

C 1' L ,C", a separablllty condition states when sets .L 
c+c 1 , lsisn , are such that (CIU ucnj+ gy c: 

We first state a separablllty condltlon for INDs 

and FDs (Appendix B contains an addltlonal deflnl- 

tlon and a lemma that we need to prove the results 

in this section) 
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THEOREM 5 3 Let 1 be a set of INDs and r be a set 

of FDs Suppose that , If R[Xl~STYl EC and If 

S W+ZE r, then we have that Y = W 

Then, (Cu r)+ = Z+u r+ 0 

When we also consider EXDs, we can extend the, 

results In Theorem 5 3 to a near separablllty condl- 

tlon 

THEOREM 5 4 Let Z be a set of INDs, A be a set of 

FDs and I? be a set of EXDs Suppose that, 

If RCXI~SCYIEC and if S W+Z&r, then Y = W 

Then, we have 

(1) for any EXD 6, XU ru A kf6 lff Xu A kf6 

(11) for any IND u, Cu ruA +,a lff 

either C kfu or there is a vacuous EXD 6 

such that Cu A If6 and 6 kfu 

(111) for any FD y , XuruA +,v lff 

either r k,y or there is a vacuous EXD 6 

such that Cu A kf6 and 6 k,y 

(1~) for any UFD $ of the form 

<R 11 Xl+Yl, ,Rl X,"y,' 

we have that cu ru A Pf$ lff 

(a) r kf Rl X +Y 
J ' ' 

or Cu A lmplles a 

vacuous EXD over R 
%' 

for any J E[l,ml, 

(b) EuAk, Rl 
J ' 

CX 1 I RlkCXkl , 

for any J,kE[l,ml with J # k 17 

This last theorem gives us enough understan- 

ding about FDs, UFDs, INDs and Ends to prove that 

the optlmlzation procedure achieves the goals set 

at the end of Sectlon 3 

THEOREM 5 5 Let R' = (S',C',K') be the schema 

produced by the optimization procedure when the 

Input 1s a restrlcted schema R = (S,C,K) 

Then, we have 

(1) C' lmplles no vacuous Ends, 

(11) all INDs ImplIed by C' are of the form 

R~CXlcR;CXl ,where XcK' , 

(111) C' implies noINDsof the :orm R:CK;IcR;CK;l 

and R;CK;lcR:[K;l at the same time, 

(1v) lf C' implies a UFD <R 
l1 xl+yl' ' 

R1 
Xm+Ym> then C' also implies RICX llRICXkl 

for any J,kE[l,ml with J # k 
J' k 

cl 

This last theorem completes our study of the 

optimization procedure and the results we wanted to 

present about dependencies 

6 CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH 

We have shown how certain classes of dependencies 

can be used to place view integration on solld foun- 

datlons This was accomplished by dlvldlng view 

integration Into view comblnatlon and optlmlzatlon 

View combination uses dependencies to capture 

associations between different views The optimiza- 

tlon step tries to reduce redundancy and the size of 

the schema We have also shown that, under certain 

circumstances, the optimization step can be automated 

Our ability to construct optlmlzatlon procedures 

is largely limited by two problems the complexity 

of the inference problem for INDs and the tight in- 

teraction between INDs, EXDs, FDs and UFDs Both 

problems have to be overcome in the context of the 

design methodology in question That is, one should 

seek easily solvable special cases of the decision 

problem for these dependencies that help the design 

method Of special interest are separablllty 

condltlons since all logical consequences of the 

constraints defined in a schema should be easy to 

antecipate 

Further work should be directed towards extending 

the optlmlzation procedure given in Section 4 to more 

general schemas, perhaps using other types of Inter- 

relational constraints The software engineering 

aspects of view integration should also be stressed, 

since the comblnatlon step depends entirely on 

dlctlonary facllltles to help locate redundancies 
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APPENDIX A 

AN EXAMPLE 

(a) Suppose that different users observe sets of 

students that, after unlformlzatlon of nomenclature 

can be represented by four relation schemes 

(1) STCSN,NAME] - students 

(2) UST[SN,UNAME,MAJOR] - undergraduates 

(3) GST[g,GNAME,ADVISOR,GDEPT] - graduate stud 

(4) TA[E,TNAME,TDEPT] - teaching assist 

In the comblnatlon step, It 1s detected that 

UST, GST and TA define subsets of ST and that UST 

and GST define dlsJolnt sets This aan be expressed 

as 

(5) USTCSN]cST[SNI, GST[:SN]cSTL-SN], TA[SN]cSTCSN] 

(6) IJSTCSNI 1 GSTCSN] 

It 1s also detected that NAME, UNAME, GNAME 

and TNAME are synonyms, as well as GDEPT and TDEPT. 

So, we must have 

(7) <ST SN+NAME, UST SN-+UNAME, GST SN+GNAME, 

TA SN+TNAME> 

(8) <GST SN+GDEPT, TA SN+TDEPT> 

The result of the comblnatlon step is a schema 

u = (S,C), where S consists of the relation 

schemes (1) through (4) and C consists of the 

dependencies in (5) to (8), plus FDs deflnlng that 

SN 1s the key of each of the four schemes 

(b) We now observe that the INDs In (5) and the 

UFD in (7) imply that 

(9) USTCSN,UNANE] cSTCSN,NAME] 

(10) GSTCSN,GNAME]cSTCSN,NAME] 

(11) TA[SN,TNAME]cST[SN,NAKE] 

Since the above dependencies lndlcate that 

redundancies exist in 0, the optlmzzatlon procedure 

deletes the UFD in (7) and transforms UST, GST and 

TA to 

(12) UST'[SN,MAJOR], GST'CSN,ADVISOR,GDEPT], 

TA'[SN,TDEPT] 

Note that the attributes deleted can be recovered 

from ST The optlmlzatlon procedure ellmlnates the 

UFD in (8) by creating a new relation scheme 

(13) SD'[SN,DEPT] 

by deleting GDEPT from GST' aad TDEPT from TA' 

(14) GST"CSN, ADVISOR], TA"CSN] 

and by adding two new INDs 

(15) GST"[SN]cSD'[SN], TA"[SN]cSD'[SN] 

The Initial schema U = (S,C) 1s then transformed 

into U'= (S',C') where 

(16) s' = ~ST'CSN,NAMEI,SD'[SN,DEPT],UST'CSN,MAJOR], 

GST"CSN,ADVISOR],TA"[:SN]) 

(17) cl = IUST'[SN~~ST'[SN], GST~~CSN]~ST~CSN], 

TA"CSN]cST'[SN], TA"[SNlcSD'CSN], 

GST"[SN]cSD'[SN], UST'LSN] 1 GST"CSN], 

GST" SN+ADVISOR, UST' SN+MAJOR 

ST' SN+NAME , SD' SN+DEPT} 

(cl Finally, we observe that the relation schemes 

in 0 can be mapped into those of 0' , and vice-versa 

by the mappang below 

(18) ST = ST' 

TA = TA"*ST' *ST' 

GST = GST"*ST'*SD' 

UST = UST'*ST' 

(19) ST' = ST 

TA" = TACSN] 

GST" = GST[SN,ADVISOR] 

UST' = USTCSN MAJOR] f 
SD' = TA[SN,TDEPT] uGSTI:SN,GDEPT] 

APPENDIX B 

PROOFS OF SELECTED THEOREMS 

Proof of Theorem 5 1 

Let S = {R1[U1], ,R,CU,I} be a set of relation 

schemes Let C be a set of 1ND.s satlsfylng the 

conditions of the theorem Let u be an IND. If o 1s 

trivial, the result follows directly So assume that 
u 1s not trlvlal Let A be the axiom system of [CFP] 

(rules Il,I2,13) Since A 1s sound and complete, it 
suffices to prove that u 1s a theorem of Z in A lff 

(1) and (ii) hold 
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(9) We prove, by lnductlon on n, that If there 1s 

a proof of length n of u from C, then (1) and (11) 

hold 

basis assume that there 1s a proof of length 1 of 

o from C Then, a&.C or 0 is a trivial IND The 

result then follows trlvlally 

InductIon step assume that if there 1s a proof of 

length m, m<k, of y from C, then (1) and (11) hold 

Let o be such that there 1s a proof of length k 

of o from C Let P = (Pl, ,P,) be such a proof 

Assume that o 1s RICXlcRJCYl 

case 1 Pk was obtalned by transltivlty (rule 13) -- 
from Pr and Ps, for some r,s<k 

Then, there are proofs of length less than k of 

Pr from C and of Ps from C By the induction 

hypothesis, and since Pk is RICXlcRJIYl, Pr and 

Ps must be of the form RICXlgRmiTZl and R,CZICR,!IYI, 

respectively, with X = Z and Z = Y Hence, X = Y 

Moreover, there must be a path from Rl to R, in GX 

and from R, to R, in G X Hence, there 1s a path 

from R1 to RJ in GX This concludes the analysis 

of this case 

case 2 Pk was obtained from Pr by permutation and 

projection (rule 12) , for some r< k 

Then, there 1s a proof of length less than k of 

Pr from C By the assumptions of this case and 

since Pk 1s R1CXl~R3[Y1, Pr must be of the form 

Rl[Z]cR,[Wl, where X,Y are obtalned by the same 

permutatlon and proJectlon from 2 and W, respecti- 

vely By the lnductlon hypothesis, we must have 

that 2 = W and that there is a path from Rl to 

RJ ln Gz 
Therefore, Z = W lmplles X = Y Moreover, 

since XcZ, we have that GZ 1s a subgraph of GX 

Hence, there 1s a path from R1 to R, in GX This 

concludes the case analysis and the induction 

Therefore, If o 1s a theorem of C then (1) and 

(11) hold 

( +) Letu=Rl[XlcR,[XI and assume that there is a 

path from Rl to R, in G X Let (R 
10' 

,R ) be 
'k 

such a path (with i. = 1 and ik = J) Then, by 

construction of GX, for each mE[O,k-11, there must 

be Rl [Xml&Rl [Xml E C such that X5X m Then, 
m m+l 

we can easily construct a proof In A of RICXl~R,CXl 

from C using these formulas to obtain R1 CXlsR1 CXI 
m m+l 

by permutation and pro-jectlon and then repeatedly 

applying transitlvlty 

This concludes the proof 0 

DEFINITION 5 1 Let S = ERl[Ull, ,RnCUnlj be a 

set of relation schemes and C be a flnlte set of 

INDs over S Let B' = fs,, ,s,} be a finite 

database over S Let V = Ivl/vl is a tuple over 

RICUll, for l=l, ,nl 

The completion or chase of B' with respect to C 

and V 1s the finite database B = {r 1' ,rnl over 
S defined as follows 

- initially let r = s 
1 

1 , for 1 = 1, ,n 

- add tuples to B by repeatedly applying the 

following rule until no new tuples can be added 

rule (*) lf tE rl and there 1s an IND In Z of 

the form RICXlcR,CYl then if t[Xl $r,CYI, 

add a new tuple u to r constructed as follows 
J 

uCY1 = tCX1 and u[Al = v,CAl, for all other 

attributes A of R, not occurring in X 0 

LEMMA 5 1 Let B be the completion of B' with 

respect to C and V 

(a) B satisfies C, 

(b) let r be a set of FDs and suppose that 

if RICXlcR,CYl E C and R, W+VE~ then Y = W 

Then, B satlsfles r lff B'also satisfies r 

Proof 

(a) Follows directly by construction of B 

(b) Suppose that B' = Is,, ,s,j and B = {r 1' ' 

rn' Then, by construction of B, slcr 1 , for 
i=l, ,n Hence, we lmmedlately have that If B 

satlsfles r, B' also satisfies r To prove the 

converse, suppose that B' satlsfles r, but B does 

not satisfy r Then, there 1s an FD R, W+V which 

1s not valid In B That is, there are two tuples 

t,uEr such that tCW1 = uCW1 but tCVl # uCV1 , 

Since B' satisfies r, either t or u are not In 

sJ 
Suppose that t IS not in s Therefore, t was 

introduced in B by rule (*) LetJRliXlcR,[Yl be 

the IND in C used to introduce t By the 

assumption on C and r, we then have W = Y 

Therefore, t[Yl = uCY1 But this contradicts the 

construction of B, since t was unnecessarily 

Introduced In r 
J 

Hence, we may conclude that B 

satisfies all FDs in r, which was to be shown 0 
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Proof of Theorem 5 3 B' = {s,, , snj of S as follows 

- construct two tuples t and u as follows 

. tCAl = 1, If AEDEP(X) 

. tCAl = 0, lf AEU,-DEP(X) 

u[Al = 0 , for all AEUa 

- let sa = {t,uj and s1 = 0, for all other 

relations 

Let B be the completion of B' with respect to 1 

and V Then, since B' satlsfles r, we know by 

Lemma 5 1 that B satisfies EuT But since 

A $DEP(X), by constructlon of t and u, B does 

not satisfy 0 Hence, we have that Oc (1 U r)+, 

which was to be shown 

This concludes the proof 0 

Let C be a set of IN'Ds and r be a set of FDs Let 

9 = {RICUll, ,RnCUnl) be the set of schemes In 

question Suppose that C and r satisfy the condltlon 

of the theorem Clearly, C+u r+c (Cur)+ So, we 

only prove the converse Let 0'~ (cur)+ 

case 1 assume that u 1s an IND 

We show that 0~ Z+ or, equivalently, that there is 

a proof of o from Z In A, where A IS the axiom 

system for INDs of CCFPI (rules 11, 12, I3 of 

Figure 5 1) Suppose that u is RaEAl Am1 5 

Rb[B1 Bml Let V = {vl, ,vn) be a set of 

tuples such that v 1s over RICUll and vl=(O, 30) 
for 1 = 1, ,n Lit B' = {s,, ,sn3 be the 

database over S constructed as follows 

- let t be a tuple over the attributes of Ra such 

that tCAll = 1, for 1 = 1, ,m , and tCA1 = 0, 

for each remalnlng attrlbute A of Ra Let sa={t3 

and s 
J 

= 0 , for each remalnlng J 

Let B be the completion of B' with respect to c 

and V Then, by Lemma 5 1, B satisfies CUT 

Since, by assumption, oc(CuT)+, the database B 

satlsfles 0 That IS, B satisfies the IND 

RaCAl AmI cRbCBl Bml But since ra contains 

the tuple t, rb contains a tuple t', where 

t'CB17 = 1, for 1 = 1, ,m We can prove that 

claim (*) If rJ contains a tuple u such that 

uCEpl = 1 , 
P 

where lpECl,ml, for each pE[l,kl, 

then RaCA, A IcR,CE~ 
'k 

Ekl 1s a theorem 
1 

of C in A 

From claim (*) and since t' Erb, It follows that 

RaCAl AmI cRbCBl Bm] 1s a theorem of C in A 

Flnally, since A 1s sound, we have that CE C+, 

which was to be shown 

case 2 assume that D 1s an FD 

We show that if air+ then a?! (1 u r)+, which 

contradicts the assumption that UE cc u r)+ 

Assume that Otis+ and that 0 1s of the form 

Ra X+Y We may suppose wlthout loss of generality 

that Y contains a single attribute A Thus, since 

u tr+, we have that A tDEP(X), where DEP(X) 1s 

the dependency basis of X with respect to all FDs 

In I' over Ra Let V = TV,, ,vn} be a set of 

tuples such that v1 1s over Rl[U1l and vl=(O, 90) 

forl=l, ,n Construct a database state 

Proof of Theorem 5 5 

We first observe that R' is a restricted schema 

Moreover, by the test on line 24 and the transfor- 

mation on line 25, C' does not Imply any vacuous 

EXD Now, the dependencies In C' satisfy the 

condltlons of Theorem 5 4 Therefore, since C' 

lmplles no vacuous EXD, we then have that 

(a) for any IND U, C' c, u lff c b, 0, 

(b) for any UFD $ of the form 

<R X+Y i1 1 1' tRim 'm"'m 

we have that C' kf $ lff 

C' b, Rl [X,1 1 R1 lXkland C' b, R1 X +Y 
k 

for any' J,kE ll,ml with J # k 
J ' J 

Thus, using (a), Theorem 5 1 and the fact that R' 

1s a restricted schema, we can show that C' 

satlsfles conditions (11) and (111) (to prove (111) 

we have to use the transformation done on lines 10 

to 12, which 1s not affected by the rest of the 

procedure) Flnally, condltlon (iv) follows 

directly from (b) 

This concludes the proof 0 
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