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ABSTRACT: A semantic approach to design a
view update translator for relational database
systems is presented in this paper. Our

translator consists of a translator body and
four different types of semantic ambiguity
solvers. Since a view is defined as a tree with
the view on the root and its base relations on
the leaves, an update issued against the root
can be translated into updates against the lower
levels by applying a total of ten local
translation rules and a deletion and an insertion
modification rule recursively. The modification
rules make it possible to update base relations
through natural join views. Three of the ten
local translation rules require three different
types of semantic ambiguity solvers, and the
two modification rules together require another
solver. The translation capability depends on
the solvers available to the translator body and
the problem solving capability they offer. From
the nature of such ambiguities, the solvers may
involve the end-users in resolving the
ambiguities.

1. INTRODUCTION

A view is a virtual relation derived from
base (i.e., stored) relations using a set of view
defining operations such as projection, join,
and others (1). There are two major reasons
why it is desirable to support views in a
database system: The first is for user
convenience, in the sense that the user can
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define his own database view to which he can
issue queries and updates (2,3). Another is to
provide an authorization mechanism (4,5).

The main purpose of this paper is to
present and motivate a mechanism for
propagating updates against views to their base
relations. Unfortunately, view update
capabilities are still not well supported in
existing systems. We still lack a theoretical
basis for designing an update translator of a
database system. Also, existing systems allow
only a subset of all theoretically possible views
and view updates. For example, a deletion from
a union view is always possible, but wunion
views are not supported in SQL/DS (7). The
purpose of this paper is to find a solution to
the theoretical problem.

In general, a view is virtual and an
update against a view is only possible if there
exists a certain set of update(s) to the base
relations. There are at least two major problems
which must be solved. First is to determine
which classes of view updates are possible and
which are not. Second is to implement view
updates. In 1974, Codd first reported the view
update problem (1). MNext year Chamberlin
et.al. (2) and Stonebraker (3) proposed
first-cut solutions to the problemr. Then Paolini
and Pelagatti (8) and Dayal and Bernstein (9)
tried to formulate the problem. Furtado et.al.
(10) and Osman (11) deduced a set of view
update translation rules. It is now recognized
that the problem is closely related to the
database semantics. That 1is, it has been
recognized by several authors that extra,
semantic information should be supplied in order
to resolve the anomalies which may arise in
updating views. Dayal and Bernstein (9,19) and

Carlson and Arora (13) adopted functional
dependencies; Bancilhon and Spyratos
(14,15,16) introduced the concept of

complementary views; and Keller (18) used a
structural data model in order to provide such
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semantic information. However, these
approaches are still insufficient because the
view update translation must ultimately be
guided by the user's intention when he issued
the view update.

Our approach is based on analyzing the
meaning of views. That is, we take into
consideration the meaning of a view which is
definable as a time-varying first order predicate
celeculus expression. Since the definition of a
view is represented as a tree, where the view
is on the root and its base relations are on the
leaves, our view update mechanism translates an
update to a view into the lower level views
rcceursively by using translation rules. A total
of ten locel translation rules and a deletion and

an insertion modificatior rule will be
introduced. Each of the ten local translation
rules has & semantical basis justifiecd by the

meaning of the view. Threc of the ten rules
require scmantic ambiguity solvers when they
are applied. Sometimes, these solvers nay
require interaction with the user. The twe
nodification rules together also require another
semantic ambiguity solver. This solver is
necessary to resolve the semantic ambiguity
which may arise when one updates natural join
views. Therefore, our view update translator
consists of total five components; a translator
body and four semantic ambiguity solvers of
different types. The translator body has an
interface to each of the four solvers. The
translation capabiiity changes depending on
what solvers are available to the body and how
powerful they are. From the nature of such
ambiguities, the sclvers may involve the users
in resolving the ambiguities.

The rest of this paper is organized as
follows: A formel definition of views is given in
section 2. In section 3, the meaning of views is
formally defind. In section 4, view updatability
criteria are re-cxzamined. In secction 5, a total
of ten local view update translation rules are
developed and motivated and a deletion and an
inscrtion modification rule are presented. Four
types of semantic ambiguity problems will be
explained. Then, our translation mechanism will
be made clear.

2. VIEVS

Let Al, A2, ., An be attributes. Let
dom be a function which associates each
attribute Ai with its domain, dom(Ai). A

relation R(A1,A2,...,An) (with respect to this
domain function) is a finite subset of the direct
product dorm(Al)xdom(A2)x...xdom(An). We
sometimes use R instead of R(Al,A2,...,An)
and abbreviate the direct product to dom(Rl).
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By att(R) we denote the unordered set {Al,
A2, ..., An} . We define views in terms of the
relational algebra (17), There are four
traditional sect operations' direct product,
union, intersection, and difference. Also there
are four operations thet are specific to the
relational algebra, nanely, projection,
O-restriction, division, and @-join, where 6
represents a compearison operator (=, >, < ,7=,
>=, <=). Of course, those eight operations are
redundant and we select direct product, union,
difference, projection, and @-restriction as &
generating the rclational algebra. Tha
views can be defined as follows:
Definition:

(1) A base relation is a view.

(2) Let V be a view and X be a subset of

att(V). Then the projection of V or X, denoted
by vIixl is a Next, let X and Y be

V pda gy 40w aNT e Qrala

subsets of att(V) which are 9—compat:ble, where
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O is a comparison operator. Then the
Q-restrgptlon of V on X and Y, denoted by
vV(xeY] , is a view.

(3) Tet V and W be views. Then the direct
product of V and W, denoted by VxW, is a
view. If V and VW are union-compatible, then
the union of V and W, denoted by VuV¥/, and

the difference of V and W,
are views.

(4) A relation is a view if and only if it is
derived by using the above three rules.

Notice that the views which could be decfined by
introducing the sc-called virtual columns (7)
are excluded in this definition because it is
almost obvious that those views are impossible
to update.

Now it is ecasy to sec that we can
construct o tree from the defining expression of
a view, where the root and the leaves represent
the view and the base relations which are used
to define the view, respectively. We call a node

denoted by V-V,

which is ncither the root nor a leaf an
intermediate node. For example, suppose a
parts dealer has a supplier-part-customer
database which has two base relatiens,

SP(supplier,part) and PC(part,customer). Then
the view derived from a natural join of SP and
PC, and denoted by
SPC(supplier,part,customer), is as
follows in our framework:
SPC=((SPxPC)[SP.part=PC.part])) [supplier,
SP.part,customer].

* Suppose X={Ail,Ai2,...,Aip} and Y=
{Ajl,Aj2,...,Aip} are e—compatiblc subsets of
att(Vv), where Aik and Ajk arc single attributes
for every k=1,2,...,p. Then V[X6Y] consists of
all tuples v of V such that the predicate v [Aik]
6v[Ajk) is true for every k.

defined
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Figure 1 (a) shows the view decfiring tree of
SPC erd i (b) shows instances of SP, PC, SPC
and intermediate views namcd V0.1 and VC.1.1,

o V0=SPC(supplier,SP.part,custcmer)
projection on {supplier ,SP.part, customer}
6 v0.1=v0.1.1 [ SP.part=PC.part)

=-restriction on SP.part and PC.part

V0.1.1=5PxPC

direct product

v,/ v0.1.1,2=PC(part,customer)
V0.1.1.1=SP(supplier,part)

Figure 1 (a). The view defining tree of SPC.

SP: PC:
supplier part part customer
sl pl pl «cl
e p2 pl c2
s3 pl p2 «c2
s3 pa
s3 p3

VG.1.1:
supplier SP.part PC.part custorner
sl pl pl cl
sl pl pl c2
sl pl p2 ©2
s2 p2 pl cl
52 p2 pl c2
s2 p2 p2 c2
s3 pl pl cl
s3 pl pl cl
s3 pl p2 c2
s3 p2 pl cl
s3 p? pl c2
83 pl p2 c2
s3 p3 pl cl
s3 p3 pl c2
s3 p3 p2 c2
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Vo.1:

supplier SP.part PC.part custuricr
sl pl pl cl
sl pl pl c2
s p2 p2 el
s3 pl rl cl
s3 pl pl cZ
s3 pl p2 c2
SPC:

supplier SP.part customer
sl pl cl

sl pl c2

s2 p2 c2

s3 pl cl

s3 pl c2

s3 p2 p2

Figure 1 (b). Instances of SP, PC, VO0.1.1,

V0.1, and SPC.

3. MEANING CF VIEWS

A formal definition of the mneening of views
will be given as a time-varying first order
predicate calculus expression. The reader nay
note that such an expression gives us a
semantic basis from which we will deduce the
Jocal translation rules of view updates in section
13

We define the meaning of a view as
follows: For example, suppose V is a difference
view, i.e. V=U-W, where U anada W are views or
base relations which are union-compatible. Then
the reaning of V, denoted by hi-of-V, may be
characterized in terms of the meanings of U and
W in such 2 wgay that

(Vtedom(V)) (M-of-V (t)=(M-of-U(t) AHD
=lM-of-W(t))).

The rationale f{or this definition 1is the
observation that a tuple t of dom(V) satisfies
M-of-V if and only if it satisfies M-of-U and not
M-of-W. That is, t is a tuple of V if and only
if it is a tuplec of U and it is not a tuple of W.

The meanings of four other views can be
defined in the sarme manner. Table 1 shows how
the meznings of the {five basic views may be
defined in terms of the nmeaning of direct
descendant views or base relations. Since ar
instance of a relation usually changes from time
to time, a time-varying predicate calculus is
adopted. The meaning of a base relation R,
denoted by M-of-R, is that for any tuple t of
dom(R), Bl-cf-R(t) is true if and onlv if t
belongs to R at this time. The meaning of any
view is obtained by applving (M-1), ..., (M-5)
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to  the meanings of its basc relations

recursively,

4. VIEVW UPDATABILITY CRITERIA

A view update is realizable if there exists
a set of update(s) eagainst thc base relatiors
which causes the intended update. Dut what
dees this reelly .nean? One answer was given by
Dayal and Bernstein (9) from a syntactic point
of view. They inposc essentially the following
three criteria:
(Cri-1) Mo overupdating or underupdating of a
vievs, This mears that any tuple of the view
should not be deleted or inserted or replaced
unless it is specified to be done so by the view

updator.

(Cri-2) Mo extraneous updates against the
base relations. This rneans that any
unnecegsary base relation updates are not

allowed to realize the desired view update.
(Cri-3) Unique view update translatior.

Vle also adept (Cri-1) and (Cri-2). liowcver, we
relax criterion (Cri-3). The reason is that
although their interpretation is pertinent to
formulating the view update translation probler
in a syntactic way, it can only deal with a small
subset of the semantic problems which arise in
updating views. Vhile Dayal and Bernstein
interpreted Cri-3 syntacticallv, we intcrpret it
semanticallv. More precisely, they say that the
vicew update translation is unique if no more
than one possible translation can be fourd when

the syntactic infermation deduced from the
definition of database schema is used for the
transiation. We say, however, that the

translation is also unicue if there exists a way
to resolve the translation ambiguity by using

V=UxW

g g g g g gy My g M gy O

Direct Product View < (N-D)
—————————————————————— e e e e e e e e e e e e e e e o e

V=UuW (Ytedom(V)) (I1-of~V(t)=(Ri-of-U(t) OR li-of-VW(1))).

Union View (M-2)

V=U-W (Ytedom(V)) (M-of -V (t)=(rM-0f-U(t) AND 1 hi-of-W(1))).

Difference View L (M-3)

v=U[X] (Vtedom(V)) (M-of-V(t)=(3uedom(U)) (u[X]J=t AND hi-of-U(u)=true)).

Projection View ... (M-4)

V=U[XeY] (Ytedor(V)) (Li-of-V(1)=(t1-of-U(t) AND t(X])6tlY])).

@-restriction View (M-5)

e e e e, , e e e — e e e

certain semantic information. For
suppose user issues deletion of
four tuples {(sl,pl,cl), (sl,pl,c2),
(s3,pl,cl), (s3,p1,c2)} from view SPC. Then
we can observe that there are three alternative
base relation updates which can sctisfv the view
dcletion as desired:

(Alt-1) Delete [ (s1,pl),
relation SP.

(Alt-2) Delete {(pl,cl),
relation PC.

(Alt-3) Delete {(sl,pl), (s3,pl)} and

’L(pl,cl), (pl,cZ)} fror base relations SP and
PC, respectively.
Notice that each alternative satisfies criteria
(Cri-1) and (Cri-2), but arbitrary choeice is
unacceptable because it may vresult in a
sementically inconsistent database state.

There ore two ways to handle this
situation: First, we might conclude that the
view deletion 1is impossible because of this
ambiguity. Second, we might allow that the
deletionn depends on whether this ambiguity is
reriovable or not. The former is thec approach
adopted by Dayal and Bernstein, and the latter
is one that we are adopting in this paper. In
general, the latter alternative will give a more

example,
a set of

a e
a a

(s3,p1) } from base

(pl,c2) } from base

powerful view support capability than the
former one. But we need some additional
functions to perform semantic information

processing. The precise nechanism for realizing

our view support will be given in the nex
section, Suffice it to say for now that our
approach will require four types of problem
solvers which ecan resolve such ambiguity
preblems. In seme cases, the ambiguity solvers
may ask the wuser of his intention; (Alt-1),

(Alt-2), or (Alt-3). Normally, howviever, it is

Table 1. Meaning E:pressions of Five Basic Views
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expected that the ambiguity solvers can use
some semantic integrity constraints or specific
knowledge given to thera to resolve the
problems.

5. VIEW UPDATE TRANSLATION MECHANISEHI

5.1 FUNDAMENTAL TRANSLATION SCIHEME

As mentioned in Section 2, the definition
of a view may be represented as a tree. We say
that the root of the view tree is on level zero.
The direct descendants are on level one, and so
an. In the exemple in Figure 1 (a), view SPC
is on level 0, the intermediate views V0.1 and
V0.1.1 are on levels 1 and 2, respectively, and
the base relations SP and PC are on level 3.

Suppose an update LI is issued against

the view V. Then our translation mechanism
translates [1 into update(s) to its direct
descendant(s). of course, the three

updatability criteria presented in section 4 nust
be satisfied in this translation. We csall this
type of translation a local translation and the
corresponding translation rule a local translation
rule. A total of ten local translation rules will
be prescented in deteil in the next section. If
the local translation is successful on one level
of the view tree, local translation is performed
at the next lower level recursively. If
translation is successful on every level of the
tree, the resulting updates to the base relations
are the desired translation result. If local
translation becomes irpossible on eny level, it
will be concluded that view update M Iis
unacceptable. Although  success of local
translation on cach level of the view tree
implies the success of the view update, there
exists one (and only one) exception. That is,
there exists one case in which an update to a
certain type of intermediate view which is
impossible will be allowed to be modified so that
the modified update becomes translatable to a
lower level. This rule is called the update
modification rule and it will be discussed in
section 5.3.

5.2 LOCAL TRANSLATION RULLES

We will consider all five types of -views:
direct product view, union view, difference
view, projection view, and 6-restriction view.
An update against a view may be a deletion, an
insertion, or a replace. lowever, replace can
be realized as a deletion and insertion pair.
Therefore, the local translation rules for only
the deletion and insertion will be presented for
each type of view. These rules will be justified
by the meanings of views given in Table 1.
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5.2,1 LOCAL TRANSLATION RULES FCR
DELETIO!NN
Rule D-1 (Deletion against a Direct

Product View): "Suppose deletion D is issued
agairst a direct preduct view V=UxW. Then D
can be translated into deletions D1 against U
and D2 against V/, respectively, where Ll=
(U-(V-D){dora(U)]) and Dg=(W-(V-D)[dom(/)))
if and only if the cross reference condition (sce
below) holds for the difference V-D."
Justification:  Suppose deletion D is issued
against a direct product view V=UxW, where D
set of tuples that the user
Ve assume without loss of
generality that D is 2 subset of V Dbecause
V-D=V-(V D). Since the expected result
relation V-D must again be a direct product (if
the decletion D f{romm V is realizable), the
fn]lnwing conditior called the reference

condition rust hold.
(¥t,t'edom(V)(t,t'eV-D ==
t [dom(UD lIt'[don(W))e V-D),
where == stands for logical implication and ||
tuple concatenation operation (17). This means
that whenever two tuples t and t' exist in V-D,
the concatenation of the dom(U) part of t and
the dom(V/) part of t' must belong te V-D if it
is a direct product. From cxpression (Fi-1) in
Table 1, let us translate D into deletions D1
and D2 against U and W, respectively as
follows:
D1=(U-(V-D)[dom(U)]).
2=(W-(V-D) [dom(W)1).

Then it is proved that V-D=(U-D1)x(W-D2).
That is, the cross reference condition is a
necessary and sufficient condition for deletion D
against V (=UxV/) to be realizable under the
above defined translation. 0

Rule D-2 (Deletion against a Union View):
"Suppose deletion D is issued against a union
view V=UuW, where U and W are
union-compatible. Then D is always translatable

wanta

ranracantc o ¢
wditilo

ATPLTOVIIW o STl UL

toc declete from V.

Cross

into deletions D1 and D2 against U and W,
respectively, where D1=D2=D. "
Justification:  Suppose deletion D is issued

against a union view V=UuW, where U and W

are union-conmpatible. Remember that the

meaning of V is defined by expression (R-2) in

Table 1 as

(Ytedom(v) (M-of-V(t)=(M-of-U(t) OR
M-of-W(t))).

Since each tuple of D has lost the meaning of

VvV, i.e.,

(YteD) (M-of-V(t)=false),

(M-2) says that

(YteD) (M-of-U(t)=false AMND MN-of-W(t)=false).

Obviously this means that deletion D against V

should be translated into deletion D against

both U and W. Because union is a set
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operation, if U ard W have the seme tuple, the
Guplicates will be eliminated after wunion.
licwever, the meaning of views approach
ensures that no ambiguity happens in  the
translatioi:, b

Itule D-3 (Delction against a Differcence
View): "Suppecc deletion D is issued eguinst a
Cifference view V=U-VW, where U and W are
union-compatible. Then D is translatable into
updatc sagainst cither U or VW or both if and
only if SAP1 (see bclow) is solvable. The
solutior to SAPl1 dctermines the translation."
dustification: Suppose deletion D is issued
against a differerice view V=U-W, where U ard
W are union-compatible. The meaning of V was
given by (11-3):
(Vtedon (V) ) (M-of-V(t)=(M-of-U(t) AND

A M-of-W(t))).

Then deletion D {rom V means the following:
(YteD) (L1-of~U(t)=false OR Li-of-Vi(t)=true).
This means that from a senantic point of view,
there are three possible ways to realize the
deletion of tuple t fron V:.
(Alt-1) Delete t from U.
(Alt-2) Insert t in V.
(Alt-3) Delete t from U and insert it in V.
Of course, arbitrary choice is unacceptable
because it may result in a semantically
inconsistent database statc. Therefore, in order
to realize deletion D against V, we must resolve
this semantic ambiguity for cvery tuple t of D.
We call this probler: semantic anbiguity problem
of tvpe one (SAP1). Sometimes SAP1 is solvable
using certain integrity constraints deduced from
the view. For cxanmple, suppose EPM(ename,
sex,age,...) is the entire employee relation and
FEMP(ename, sex, age, ..) is the female
eriployee relation. Then the difference view
ELP-FELIP defines the male employee relation. It
is clear that a dcletion against EMP-FE!NP must
be translated into a deletion against FLIP. In
other words, (Alt-1} must always be chosen in
this case.

Ilowever, there exists another case in
which human interaction may be neccssary to
solve SAP1, For example, suppose
SOCCER(enanme,age,dept) is the relation of the
enployees who belong to the soccer club, while
TENNIS(ename,agc,dept) is the relation of the
enployees who belong to the tcnnis club. Then
the difference view SOCCER-TENNIS defincs the
relation of thec employees who belong to the
soccer club but not tennis club. llow, supposc
a deletion of ecrployee e from the diffcrence
view is issued. Then which one of the three
possible alternatives (Alt-1), (Alt-2) or (Alt-3)
should be choseri? In fact, one of the following
three different facts could be observed behind
the deletion corresponding to the alternatives:
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(Fact-1) Employee e is no lornger a member of
the soccer club.

(Fact-2) Enployee e is now o member of the
tennis club.

(Fact-3) Lnmployec ¢ is no longer a member of
the soccer club and is new a member of the
tennis club,

In genergl, it is inpossible
solver to find a semantically
without interacting with the user
the deletion. O

One cornment is in order here. Dayal and
Bernstein (9) impese a restriction that a view
update should be translated into the same type
of upcates; for ex:ample, a deletion should be
translated into dcletion(s). DRut such a
restriction is not reasonable from a semartic
point of view. The gbove eiamiple shows that a
deletion against a difference- view m&v have to

for the SAPI
correct solution
who issued

be translated into beth a delction and an
insertion,
Rule D-4 (Deletion against & Projection

View): "Supposc dcletion D is issued against &
projection view V=U[X), where X is a subset of
att(R). Then D is always trenslatable into a
deletion D1 against U, where
Di={ueU | 3teD, u[X)=t}."
Justification:  Suppose deletion D is issued
against a projection view V=U[X], where X is a
subset of att(U). Then, by (h-4), we obtain
(¥teD) (Yuedom(U)) (u{X]=t ==
M-of-U(u)=false)).

This implies that in order to deletc D from U,
we must delete cvery tuple u of U having t &as
its X value. O

Rule D-5 (Deletion ageinst a 6-Restriction
View): "Suppose deletion D is issued against 2
B-restrictior view V=U[X68Y]), wherc X and Y
are @-compatible. Then D is always translatable
into the sare deletion D against U."
Justification: Suppose deletion D is issued
against a 6-projection view V=U(X€Y), wherc X
and Y are @-compatible. Then (VteD)
(M-of-V(t)=false) must hold. (LI-5) implies
(¥teD) (M-of-U(t)=false OR t(X}l6t(y]).
But, t[CX)et(Y) is true for everv t of D
becausc DI is assumed to be a subset of V.
Therefore, we obtain
(YteD) (Ll-of-U(t)=false).
This means that D itself becomes a deletion
against U. This translation realized D against
V. QO

5.2.2 LOCAL TRANSLATION RULES FCR
INSERTION
Rule I-1 (Insertion egainst a Direct

Product View): "Suppose insertion I is issued
against a direct product view V=UxW. Then I is
translatable into insertions I1 and 12 against V
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and W, respectively, if and only if the cross
reierence cordition holds for the wunion Vul,
where I1=1[att(U)]-U and I2=I[att(¥W)]-W."

Justification: Suppose insertion I is issucd
against a direct product view V=UxV/, where I
represents a set of tuples that the user wents
to insert into V. Because the union Vul, that is
the desired result of the insertion, must again
be a direct product, the cross reference
conditiont (refer to Lule D-1) must be satisfied:

(Vt,t'edomn(V)) (t,t"eVul ==

t [dor (U)) || t' [dom(W)] € Vul).
That is, whenever two tuples t end t' exist in
Vul, the concatenation of the wom(U) part of t
end the dom(V/) pert of t' must belong to Vul if
it is a direct product. llow let us translate I
into insertions I1 against U anc IZ sgainst W as
follows (notice that (I1-1) ensures that I can be
translated into insertions again):

1=1{att(U)] -U.
12=1[att(W)]-W.

Then, Vul=(Uull})x(Wul2). As with Rule Db-1,
the cross reference condition governs the
translatability of an insertion against a direct
product view. B0

Rule I-2 (Insertion against a Union View):
"Suppose insertion I is issued sagainst a union
view V=UuW, where U and W are
union-compeatible. Then 1 is translatable into
insertions against either U or W or both if and
cnly if SAP2 (sce below) is solvable. The
solution to SAP2 determines the translation."
Justification: Suppose insertion I is issued
against 2 union view V=UuW, where U and VW
are union-compatible. Then the mneaning of V
given by (0M-2) implies the following:

(¥ tel) (RM-of-U(t)=true OR bi-of-W(t)=true).
This means that, from a semantic point of view
there are in general three possible ways to
realize the insertion of tuple t into V:

(Alt-1) Insert t into U.

(Alt-2) Insert t into W.

(Alt-3) Insert t into both U and W.

Arbitrary choice is unacceptable because it may
result in a scmantically inconsistent database
state. Therefore, in order to realize insertion I
in V, we must resolve this semantic ambiguity
for every tuple t of I. Ve call this preblen
semantic ambiguity problem of type two (SAP2).
Similar arguments hold for SAPZ solvability as
for SAP1. That is, SAP2 is sonetimes solvable
using certain integrity constraints deduced from
the view. For exanple, suppose
MEPHM(ename,sex,age,...) is the male employee
relation and FEMP(ename,sex,age,...) is the
female cmployee relation. Then the union view
MEMPuFE!IP represents the entire enployee
rélation. In this case, it is clear that an
insertion  against  MEMPuFEMP is  always
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translatable without any ambiguity whenever
SAP2 sclver detects the 2xr value of  the
insertion tuple, which sugpests whiel

translation alternative should be chosen.
liowever, there eilists a situation in which

humar interaction may be required to solve
SAPZ. For exanple, consider the

SCCCLR(ename,age,dept) and TENNIS(enane,
age,dept) relations again. Suppose an insertion
of criployee e is issued against the union view
SOCCERUTEMNIS. Then, in order not to result
in any semantic embiguity, we must identily
which one of the {ollowing three lacts cuists
behind the insertion:
(Fact-1; Eriployce c¢
the soccer club.

(Fact-2) Emploveec ¢
the tennis club.

has become & niember of

become a nember of

1 3
nas

(Fact-3) Enployee ¢ has become a menber of
both the scccer club and the tennis club.
The SAP2Z solver may not be able to find ¢

semantically correct solution without interacting
with the user who issued an insertion ageinst a
union view., 0

Rule I-3 (Insertion against o« Ditference

View):"Suppose insertion 1 is issucd against a
difference view V=U-V/, where U and VW are
union-compatible. Then 1 is always trarslatable
into ineertion I against U and deletion D sgainst
W, where D=I."
Justification:  Suppose insertion 1 is issued
against a difference view V=U-V, where U and
W are union-corpatible. Siricc the meaning of V
is given by (M-3), insertion ! against V reans
the following:

(Vtel) (M-of-U(t)=true AND [i-of-Vi(t)=felse).
This suggests that I should be translated into
insertion I against U and deletion D against W,
where D=I as a2 set. It is easy to see that this
translation realizes the desired inscrtion. As we
mentioned in the context of Rule D-3, an
insertion into a view is translated inte ancther
type of update, namely, a deletion. D

Rule I-4 (Insertion against & Projection

View): "Suppose insertion I is issued against a
projection view V=U[X], where X is a subset of
att(U). Then 1 is translatable into insertion
against U if and only if SAP3 (see below) is

solvable. The solution to SAP3 determines the
translation."
Justification: Suppose insertion I is issued

L4

against a projection view V=U([X],where X is a
subset of att(U). By the nmeaning of a
projection view given by (M-4), we nmust find a
tuple u whose projection on X is t and which
satisfies the meaning of U (}-of-U) in order to
make it possible to insert a tuple t of I in V.
Of course, such u must be unique for each t in
order nrot to cause any semantic ambiguity.
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How, a problem, which we call the serentic
ambiguity problern of tvpe three (SAP3), may
arisc. As observed in SAP1 and SAP2,
sometimes the preblem cen be solved by using
certain integrity coustraints cxtracted fror the
view definition. For example, SPC is defined as
a prejection view of the intermediate view
VO0.1(supplier, SP.part, PC.part, customer) on
{supplicr, SP.part, customer } in Figure 1 (a).
In  this case, because V0.1 has the tine
invariant property that SP.part value is always
cqual to PC.part value for each tuple, cvery

insertion tuple (s,p,c) against S5PC has .a
unique original inage (s,p,p,c). In gereral,
however, it may be diificult to solve SAP3

without human interactior.. MNull values may be
used to {ill the non-X values of u. For
example, SQL/DS (7) allows this uniess such
attributes, i.e. non-X attributes, do not pernit
null values, Ilowever, this expediency must be
used very carefully; otherwise the users will
face the semantic ambiguity problem associated
with the null values. O

Rule I-5 (Insertion against a é@-Restriction
View): "Suppose insertion I is issued against a
G-restriction view V=U(X6Y], where X and Y
are @-compatible. Then if t(X]}6t[Y] holds for
every tuple t of I, then 1 is translatable into
irsertion I1 against U, where I1=I."
Justification:  Suppose insertion 1 is issued
against a BO-restriction view V=U[X6Y], where
X and Y are 8-compatible. Because the meaning
of V is defined by (FM-5), every tuple t of 1
must satisty the vrelationship t{ X) 6t [Y) .
Othervise the inscrtion will not be accepted. If
it is catisfied, then I Dbecomes an insertion
against U. It is clear that the translated
insertion realizes the desired insertion against
v. O

5.3 UPDATE MODIFICATION RULES

As we mentioned in sectior: 5.1, there is
one exceptional case in which failure of a local
translation does not immediately mean the failure
of thc view update. This is the case when the
translation of an update against an intermediate
view that satisfies the following conditions is
atteripted:
(Sit-1) The
product view.
(Sit-2) A 6-restriction view is defind on the
intermecdiate view.
Vle will first discuss two modification rules; the
deletion modification rule, and the insertion
modification rule. Then the fourth scmantic
ambiguity problem will be discussed.

intermediate view is a direct
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5.3.1 DELETION MODIFICATION RULE
Suppose a @-restriction view V=U[XeY)
is defined on level i and the intermediate view

U on level i+l, on which V is defined, is &«
direct product view W1xW2, where Vil and W2
are on level i+2., Suppose D is a decletion

against V. Since V is a 6-restrictior view, D is
immediately converted to a deletion against U
by Rule D-5. Since U is a direct product view,
the cross reference conditior is checked for the
difference U-D. Suppose the condition does not
hold. This means that it is impossible to
translate D into a lower level update (see Rule
D-1). However, let us allow D to be modified to
D' as follows:

(Con-1) Intersection of D' with V is cqual to
D.
(Con-2) For any tuple t in D'-D, either its W1
value is equal to the W1 value of some tuple in
D, or its W2 value is equal to the VW2 value of
some tuple in D, i.e.,

(rteD'-D) (t[att(W1) ¢ D[att(V/1)] OP.

t[att(W2))eD (att(W2)]).

(Con-3) Thec cross refererce condition holds
for U-D',

Criteria Cri-1 and Cri-2 of section 4 are
satisfied by Con-1 and Con-2Z, respectively.

However, there may exist riore than one such
D', thereby conflicting with criterion Cri-3. A
detailed discussion of this problem will be given
in section 5.3.3. If a unique D' is found,
however, by Con-3 it is possible to translate it
into deletion(s) against W1 and VW2 without
violating the three updatability criteria. We call
the above the deletion modification rule.

An example may help to clarify the above
discussion. Consider view SPC in Figure 1.
Suppose a deletion D0= {(sl,pl,cl), (sl,pl,c2),
(s3,pl,cl), (s3,pl,c2)} is issued against SPC.
Then by Rule D-4, DO is translated into
deletion DO0.1 (against the intermediate view
V0.1), which is expressed as DO0.1= {(sl,pl,pl,
cl), (sl,pl,pl,c2), (s3,pl,pl,cl), (s3,pl,pl,
c2)}. Then by Rule D-5, DO0.1 becomes a
deletion against the intermediate view V0.1.1,
which we denote as DO0.1.1. HNotice that the
difference V0.1.1-D0.1.1 does not satisfy the
cross reference condition. For example, because
two tuples (sl,pl,p2,c2) and (s2,p2,pl,cl) are
in it, the tuple (sl1,pl,pl,cl), which is
obtained by concatenating the supplier and part
part of the first tuple and the part and
customer part of the second tuple, must be in
it (see the cross reference condition). But this
is not true. 4

So we try to modify it according to the
deletion modification rule. One possible
modification is
D0.1.1'=D0.1.1u{(sl,pl,p2,c2),(s3,pl,p2,c2) }.
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By Rule D-1, D0.1.1' is translatable inte
deletion {(s1,pl), (s=3,pl)} against the base
relation SP. It is easy to see that this deletion
against the basc relation realizes the deletion
against SPC.

The remainder of this section examines
why the notion of deletion medification does not
work for situatiors other than the internediate
viewy which satisfies 8Sit-1 and Sit-2. First,
consider a direct product view V(=UxW) detfined
on level i, where U and W are on level it+l.
Suppose deletionn D against V is translated into
deletions D1 against W ard D2 against V2,
respectively. Now, suppose it is impessible to
translate D1 into the ncxt lower level. Can we
rodify it? The answer is no, because anv
modification conflicts with criterion Cri-1, that
is, V rnay lose tuple(s) that rust not be
deleted. The same argument holds for the case
in which V on level i is the proiection view of
the intermediate view U on X on level i+1, i.e.
V=U[X]. Any nodificationn of the deletion against
U conflicts with Cri-1.

Second, consider a unionn view V(=UuW)
defined on level i; that is, U and W are on
level i+l, Suppose a deletion D against V is
translated into decletions D1 against U and D:Z
aegainst W, respectively, and suppose D1 canrot

be translated into a lower level. Fron a
non-semantic, i.e. cperational, point of view,
D1 in certain cases can be modiiied. From a

semantic point of view, however, it can not be
modified. In order to understand this, let us
consider the following example: Supposce V=UuW
and U=U1xU2, where Ul= {(a), (b)Y}, U2={(1),
(2)}, W={(b,1), (c¢,1)} and deletionn D={(a,1)}
is issued ageinst V (={(a,1), (a,2), (b,1),
(b,2), (c¢,1)}). By Rule D-2, D is translated
into deletion DI1(=D) against U and D2(=D)
against V. Then observe that the cross
reference condition does not hold for U-D1=

{(b,l), (a,2), (b,2)}. Since (b,1) exists in VI,
howicver, we cer delete the same tuple from
U-D1 (i.e., modify D! to DI1'=Dlu {(b,1)}),
without causing any additional deletions from V.
Lloreover, it becomes possible to trarslate it
into deletion {(1)} aguinst U2 which realizes the
deletion against V. HNotice that the cross
refercnce condition holds fer U-D1'. Therefore,
modification is poessible in the above sense,

i.c., frorr the operational point of view.
However, from a semantic point of view, this
modification is unacceptable, because the two

tuples (b,1) of U and (b,1) of W have differcent
meanings. That is, (b,1) of U satisfies M-of-U
and the same tuple of V/ satisfies Li-of-W, which
is different from bM-of-U. Therefore, deleting
(b,1) from U conflicts with criterion Cri-2. For
this reason, we prohibit deletion modifications
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in this situation. The same argument holds for
a difference view.

Third, let us consider the situation in
which modification is allowed to an intermediate
view which satisfies Sit-1 and Sit-2. Suppose
V=U [X6Y]) and U=WluW2. Ir this case, no
rodificationn is allowed, because is may conflict
with Cri-2, that is, it may deletc extraneous
tuples from W1 and/or W2, The same argument
holds for three other cases; (i) V=U[XeoY] and
U=W1-vi2, (ii) V=U[X6Y) and U=W[Z], and (iii)
V=U[X6Y) and U=W[Z6'Z'). In the case where
Vv=U[X6Y)] and U=W1:V/Z2, we can sce that the
modification does not conflict with Cri-2 in the
sense that the modification gives users a way to
specify o dcletion against W1 and/or W2 through
view V. For example, suppose a user wants to
delete {(a,])} from W1 through view V, where
W1(A,B)={(a,1), (b,2)}, W2(C,D)={(1,x),(2,7)}
U=W1xW2, and V=U(B=C]. Then the deletion
modification rule is necessarv. The user might
issue deletion {(a,1,1,x) } against V. It is casy
to see that deletion {(a,l,l,x)} against U, thc
result of trunslating the deleticr against V by

Rule D-5, cannot be translated into the
intended deletion {(a,l)} against \/1. Rather,

wve realize that the only way to make it possible
is to moedify it te the deletion {(a,1,1,x),
(a,1,2,y)} against U whose modification does
not conflict with the user's intention.

5.3.2 INSERTION MODIFICATION LLULE

Ilodification of an insertion is allowed for
exactly the same type of intermediate view as
for deletion medification. A modification of I to
I' must satisfy the following corditions:

(Con-1) The intersection of I' with V is equal
to 1.

(Con-2) For any tuple t in I'-1, either its V1
value is equal to the VW1 value of sone tuple in
I, or its W2 valuc is equal to the W2 value of
some tuple in I, i.e.,

(Vtel'-—l)(t[att(\'vll)JéI[att(Wl)] OR

tlatt(Vi2) e Ifatt(Vi2)]).

(Con-3) The cross reference condition holds
for Uul'.

Ve call this the insertion medification rule.

5.3.3 AMBIGUITY IN UPDATE MODIFICATION
Anbiguity exists in modifying deletions or
insertions. Let wus again take deleticn DO
against view SPC that was used in section
5.3.1. In that care, deletior, D0.1.1 against the

intermediate view VU.1,1 woe a candidate for
rodification. Cne nmodification of D0.1.1, to
DO0.1.1', was shown. 7Twoe cther nmodifications,

named D0.1.1" and DO0.1.1'" are poscible. Thesc
are listed below:
(Mod-1) D0.1.1'=D0.1.1u{(s1,pl,pZ,c2},
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(s3,p1,p2,¢2) }.

(Mod-2) D0.1.1"=DG.1.1ud(sl,pl,p2,c2),
(e?,p2,pl,c2}, (s3,p2,pl,cl), (s3,p2,pl,ct),
(s3,p3,pl,cl), (s3,p3,pl,cé)}.

(Liod-3) D0.1.1'=D0.1.1'uD0,1.1",

The question is which alternative should he
chosen. Arbitrary choice is unacceptable. Each
alternative results in  u differert  cdeletion
against the base relations, as observed below:

(Cb-1) By liod-1, deletionn D0 against SPC will
be realized by deleting {(sl,pl), (s3,pl}} from
the base relatiorn SP.

(Ob-2) By Mod-2, deletion DO against SPC will
be realized by deleting {(pl,cl), (pl,e2)} from
the base reiation PC.

(Ob-3) By llod-3, deletion DO against SPC will
be reclized by deleting {(sl,pl), (s3,p1)} from
SP and {(pl,cl), (pl,c2)} fron PC.

Metice that this ambiguity corresponds to the
three alternatives nentioned in section 4. That
is, we have the followirng choices:

(Choice-1) If DO is icsued to reiflect the fact

that suppliers s1 and s3 have stopped
supplying part pl, ther. PMod-1 should be
chosen.

(Choice-2) if DO is issued to reflect the fact
that custoniers ¢l and ¢ have stopped
purchasing pert pl, ther: Licd-2 should be
chosen.

(Choice-3) If DO is issued to reflect the above
twe facts, then led-3 should be chosen.

In order to avoid a scmentically inconsistent
detabasc state, this ambiguity problem should
be resolved. Vie call this the semaltic ambiguity
problen of type four (SAP4).

We should mnotice that solving SAP4 is
essentially equivalent to solving the semantic
ambiguity thuat may arise when an update is

issued against 2 natural jein view, because the

update modificatiorn is only allowed when an
update is on the intermediate view which
satisfies (Sit-1) and (Sit-£). 7That is, in our

framework, a natural join view V(A,B,C) of two
relations U(A,B) and W(B,C) is defined as
v=v0[A,U.B,C], where V0=U:xW[U.B=W.B]. By
lule D-4 or Rule I-4, any update against the

natural join view V is translatable into an
update against V0 without causing any
ambiguity. Therecfore, ambiguity may arise when
the update against VO is translated into

update(s) against U and/or W. This is exactly
the situation that we discussed above. To
address the semantic ambiguity problem of the
natural join view updete, Dayal and Bernsteir
(9,19) and Carlson and Arors (13) used
functional dependencies; Bancilhon and Spyratos
(14,15,106) introcuced the concept of
complementary views to supply extra semantic
information which mgkes it possible to resolve
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the ambiguity in certain situations. However,
since this problen ultinistely requires
interacticnn with uscers tc capture the user's
intention, their approaches are still not

sufficient to construct a complete SAP4 solver.
The action taken by SAP4 solver is essenticlly
to ask which one ¢ the possible moedification
alternatives the user prefers. If if can find a
unique answer, then it can translate the update
into lower level views without introducing any
semantic anbiguity. liotice that the concept of
update modification provides the universe of
discourse for the solver to interact with the
users.

5.4 VIEW UPDATE TRAINISLATOR

This section supplements section 5.1. Cur
translator consists of five coriponents; a
translator body, and a total of four different
types c¢f ambiguity solvers for SAP1l, SAPS,
SAP3, and SAP4. The translator body has an
interface to each of the four SAP solvers. The
basic view support capability will be provided
by the translator body itself. When no SAP
solvers are availeble, it can only handle the
view updates which are translatable by using

Rules D-1, D-2, D-4, D-5, I-1, I-3, and I-5.
If we could provide a SAPl solver, then the
view update support capability would be

enhanced by RNule D-3. Similarly, if SAP2 and
SAP3 solvers were aveailable, then the capability
would be enhanced by Rules 1-2 and 1-4,
respectively. DBy providing a SAP4 solver, the
translator could haundle updates tc natural join
views. Of course, the capacity of each solver is
also questioned. A poor solver would provide s
poor view support capability. A rich one would
provide a rich support. From the nature of the
ambiguity probleris, such solvers may involve
the users in resolving the anbiguities.
Otherwise, a good, i.e. a semantically correct,
translation may not be obtained. However, the
design of such solvers is an open problen.

A sample translation used throughout this
paper could be handled by the translator body
with a SAP4 solver: Recall that deletion DO
(see section 5.3.1) was issued against the view
SPC (see Figurc 1). Then the trenslator body
translates D0 into DO0.1 (seec section 5.3.1) by
tules D-4, It translates DO0.1 into D0.1.1 by
Rules D-5. Then, it reccognizes that DO0.1.1 is
on the intermediate view which satisfies (Sit-1)
and (Sit-2) (see section 5.3). It calls the SAP4

solver to handle DO0.1.1 translation. The SAP4
solver recognizes that the difference
V0.1,1-D0.1.1 does not satisfy the cross
reference condition, and  begins to try

modifying D0.1.1. In this case, there are three
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possible modifications (sce section 5.3.3). The
problem of whether it can choose correct
alternative depends on how good its problen
solving capability is. The result is reported to
the translator body. Depending on the answer,
it proceeds with further translation. The SAP4
solver would irteract with the user if
necessary. !f the translator body finds that the
Jocal translation is impossible, or if any
ambiguity solver {inds that it can not resolve
ambiguity, the translator vrejects the view
update and notifies the user.

6.CCNCLUSION.

This paper discussed the reclational view
update trenslation problem from a semantic peint
of view. Vicws vere defined in terms of the
relational aigebra. The meanings of vicws were
defined by using the time-varving f{irst order
predicate calculus. The view updatability
criteria werc re-examined from the semantic
point of view. 7<he mechanisms of our view
update translator which can handle eny view
updates were presented. A total of ten local
translation rules was deduced, cach of which
has a semantic basis. A deletion and an
insertion modification rule were introduced to
augment the translation capability provided by
the local rules. Our view update translator
consists of a translator body and four semantic
ambiguity problem solvers of different tvpes.
The translation capability depends on the
solvers available to the translator body and the
problem solving capability they offer. From the
naturc of the ambiguities the solvers resolve,
they may involve the users in rescolving the
anbiguities.  Although, the {four senartic
ambiguity problems were explained, the design
of such solvers is an open problen:.
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