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Abstract: This paper proposes a framework for XML schema evolution preserving information
based on user-specified relationship. First, we provide a class of queries for specifying relationship to
be preserved between elements in an XML schema, and then define information preservation between
XML schemas parameterized by given queries in the class. Next, we propose schema update operations
each of which partially updates schemas. Then, given a schema and queries to be preserved, for each
operation, we present a sufficient condition for the schema updated by the operation to preserve the

information of the original schema.

1 Introduction

In recent years, XML has become a promising data
format for various applications. XML allows users
to develop their own format of XML documents,
which is defined by an XML schema. Although
XML itself is designed to be schemaless, schemas
are useful and necessary for converting and/or in-
tegrating XML documents, optimizing queries, and
S0 on.

Schemas are often required to change to ac-
commodate new functionalities and data types in
databases. Further, since in many applications one
does not want to lose the information of the instance
valid to the original schema, a mapping from the
document to a new one valid to the updated schema
should also preserve information.

In [2], we have dcfined preservation of schema’s
ezpressive power for XML schemas based on the
tree embedding relation. We have proposed up-
date operation sets for XML schema evolution, and
then we address their properties on preservation of
schema’s expressive power. Though it is ensured
that a schema updated by using the operations pre-
serves the original schema’s expressive power, this
framework strictly disallows schema changes with
some loss of the ancestor-descendant relationship or
the document order. Ref. [3] has presented a set of
primitive operations for restructuring XML schemas
and their instances. For each primitive operation

on XML schemas, a document transformation from
instances valid against the original schema to ones
valid to the schema updated by the operation is de-
fined. Though the operation set enables restructur-
ing XML schemas more flexibly than the ones in [2],
information preservation is not addressed.

In this paper, we define information preservation
between XML schemas based on user-specified rela-
tionship, which is more flexible than preservation of
schema’s expressive power in [2]. This paper pro-
poses schema update operations for XML schema
evolution and a sufficient condition for the schema
updated by each operation to preserve the informa-
tion of the original schema.

2 Preliminaries

XML documents are often represented by unranked
labeled ordered trees, simply called trees henceforth.
For an alphabet X, a 3-tree is a tree whose nodes
are labeled with symbols in 3. The set of all nodes
of a tree t is denoted by V/(t). The root of ¢ is de-
noted by root(t). For a node u € V(t), let A(u)
denote the label of u. Also, let chd(u) and dsc(u)
denote the sets of the children and the descendants
of u, respectively.

In this paper, a regular expression may con-
tain the following operators: * (repetition), + (one
or more repetition), ? (optional occurrence), and |
(alternation), but not the constant () denoting the



empty language. Let Occ(r) denote the set of the
symbols occurring in 7. Let L(r) denote the regular
(string) language represented by a regular expres-
sion 7. The regular expression obtained from r by
replacing a subexpression 7’ with r” is denoted by
rlr’ —r"].

XML schemas are often modeled by regular tree
grammars [4]. According to [4], regular tree gram-
mars, regular tree languages, and some related no-
tions are defined.

Definition 1 A regular tree grammar is a 4-tuple
G = (N, T, S, P), where:

e N is a finite set of nonterminals,
e T is an alphabet, i.e., a finite set of terminals,
e S C N is a set of start symbols, and

e P is a set of production rules in the form of
A - a(r), where A€ N,a €T, andr is a
regqular expression over N. A is the left-hand
side, a(r) is the right-hand side, and r is the
content model of this production rule. O

Let M(G) and P(G) denote the set of nontermi-
nals and production rules, respectively.

Definition 2 Let G = (N, X, S, P) be a regular tree
grammar and t be a S-tree. An interpretation If, of
t against G is a mapping from V(t) to N with the
following properties:

o Ifu=root(t), then It(u) € S.

e For each u € V(t) and its children ug, uy,. - -,
Um, there ezists a production rule A — a(r)
in G such that

— Mu) =a, and
— Iy(uo) & (wa) - - - I (um) € L(r).

For a regular tree grammar G = (N, %, S, P) and
a tree t € Ty, if there exists an interpretation of ¢
against G, then t is valid against G. Let TL(G)
denote the set of trees valid against G, i.e., the tree
language generated by G.

Without loss of generality, we assume that no
two production rules have the same nonterminal in
the left-hand sides. Moreover, we assume that ev-
ery regular tree grammar contains only useful non-
terminals, i.e., every nonterminal can gencrate a
nonempty language and can be reachable from a
start symbol. Given a regular tree grammar G, the
dependency graph Gr(G) of G is a directed graph
(NM(G), E) such that E = {(4,B) | A — a(r) €
P(G), B € Occ(r)}.

For A € N(G), let Symb(A) denote the terminal
a such that A — a(r) € P(G). Also, for a regular
expression r over N (G), let Symb(r) = {Symb(A) |
A € Occ(r)}. Then, a subclass of regular tree gram-
mars, called single type tree grammars [4], is defined
as follows:

a

Definition 3 Two different nonterminals A; and
Ay are said to be competing with each other if
Symb(A;) = Symb(Az). A regular tree grammar is
single-type if in the content model of each produc-
tion Tule no two competing nonterminals occur and
no two start symbols are not competing with each
other. 0

In this paper, we use a subclass Gs of single type
tree grammar such that the content model of each
production rule is duplicate-free and in star normal
form [1]. A regular expression is duplicate-free if
the same symbol does not occur more than once.
A regular expression r is in star normal form if
for each starred subexpression r¥ of 7, ¢ ¢ L(rs)
and for every symbol a and any words u, v, and w,
{au,v,vaw} € L(rs). For example, (a|b)* is in star
normal form but (a*b*)* is not.

3 Information preservation

We define information preservation between XML
schemas based on user-specified relation.

Relation between elements We define a class
Rg of R-expressions with respect to an XML
schema G € Gs to specify relations to be preserved
between elements in G.

Definition 4 The syntaz of R-expressions with re-
spect to G is as follows:

RG = u(» Ap (ﬁ:},r 1:77: Al 41,» A2 1:)77

where A,, A1, and Ay are distinct nonterminals in
N(G) and r is a subezpression of the content model
rp of Ap — a(rp) € P(G).
Definition 5 For t €
(Aplir, A1, A2) € Rg, define
e(t) = {(v1,v2) | vp € V(2), I&(vp) = Ap,
v} and v} occur in the subsequence
of the children of v, that matches r,
v € dsc(vy),v2 € dsc(vh),
Ig(v1) = A1, I (v2) = Az}
Also, for R' C Rg, let R'(t) = U cp e(t)-

and e =

TL(G)

Document order between elements We use a
subset N° of the set M (G) of nonterminal symbols
to specify a document order to be preserved between
elements in G.

Definition 6 Let O, denote the document order
ont € TL(G). For N° C N(G), define O}°(t) as
the least fized point of the following function f:
fO) = {(vi,v2) | A€ N° v, € V(t),I5(vp) = 4,
v1,v2 € chd(vp), (v1,v2) € Ofp.}
U{(ve, v) | ve € chd(vp), (vp,v) € O}
U{(v, ve) | ve € chd(vp), (v,vp) € O}.



Information preservation

Definition 7 Suppose that two schemas G1,G> €
Gs, a family R1 of disjoint finite sets of R-
ezpressions with respect to G1, and a subset N7 of
N(Gy) are given. We say that Gy preserves the in-
formation of Gy with respect to (R, NY) of 3fa :
TL(Gy) = TL(G2), 3R2, 3fr : R1 — Re, ANS C
N(G2), Vt € TL(G1), 3IM C V(t) x V(fa(t)), the
following three conditions are satisfied:

1. VR € Ry Vuy, v € R(t), I, vl € V(falt))
({(Ulvvll)7 (U27vé)} c M):

2. VR € Ry (FM(R(t)) = fr(R)(fa(t))),
where FM(C) = {(v},v}) | (v1,v2) € C,
{(Ula v/1)7 (’Uz,'Ué)} g M}7 and

3. Yuy,vp € V(1), Yoi, vy € V(fa(t)) .
({(o1, 1), (v2,v5)} € MA(w1,v2) € Ogs; (1) =
(04, 5) € Og; (Ja(®)) ).

4 Schema update operations

In this section, we define schema update operations
for XML schema evolution. In the following def-
inition of each operation, let Gy = (N3, T3, S, P,)
be the tree grammar in Gs obtained by applying
the operation to G = (Ny,T1, S, P1) € Gs. Also,
we provide a sufficient condition that G preserves
information of G with respect to a given (R, N?).

For each operation, we consider as fg in Def-
inition 7 a natural document transformation such
that only portions of an input tree concerned with
target rules of the operation are updated according
to the operation. For each t € TL(G,), a relation
M between nodes of ¢t and f4(t) comply with its
transformation policy. Also, we consider the fol-
lowing mapping as fg: for each R € R; such that
e € R includes symbols concerned with target rules
of the operation, fg maps R to R’ such that for each
t € TL(G1), R'(fa(t)) corresponds to R(t) with re-
spect to M. The condition of each operation is a
sufficient condition for such a mapping fg to exist.

Insert [Def] Let p = (A — a(r)) € P;. Then,
P, = (P —{p}) U{A — a(r),X — z(¢)} such
that 7’ is a regular expression obtained by insert-
ing X before or after a subexpression 75 of r and
replacing eX and Xe with X, where X ¢ N; and
z ¢ Symb(r). '

Delete [Def] Let p = (A — a(r)) € P and
X — z(¢). Then, P, = (P1 — {p}) U{4 — a(r)}
such that 7’ is a regular expression obtained by re-
placing X with € if X occurs without concatenating
any other nonterminal symbol in r; otherwise 7’ is
obtained by deleting X from r.

[Condition] For each R € R;, there is no expres-
sion (Agllrg, A%, A%) € R such that, in Gr(G1), some

path from a start symbol in S to A% or A} through
an edge from A, to A, includes an edge from A to
X, where A, € Occ(r).

M-extend [Def] Let p = (A — a(r)) € P;.
Then, P, = (P — {p}) U{4 — a(r[r™ — r™])},
where 77" is a subexpression of 7, m'=* if m is ? or
+; m’ =7, +, or * if m is none.

[Condition] For each R € Ry, if (Affrp, A1, A2) € R,
then r; is a subexpression of ,, or r; does not over-
lap 7.

C-extend [Def] Let p = (A — a(r)) € Py.
Then» P2 = (Pl - {p}) U {A - a(TI)7 Xl -
z1(€),..., Xn — zn(€)}, where X1,Xo,..., X, ¢
N and z1,Z2,...,Z, ¢ Symb(r), such that ' is
a regular expression obtained by replacing a subex-
pression 7, of r with (r4|rz) or (rz|rs) and r; is a reg-
ular expression consisting of only X, Xs,..., X,,.
[Condition] For each R € Ry, if (Afirp, A1, A2) € R,
then r, is a subexpression of rs, or 7, does not over-
lap rs.

Restrict [Def] Let p = (A — a(r)) € P;. Sup-
pose that r has a subexpression in the form of r7*,
where m =+ or m =*. Then, P, = (P, — {p}) U
{A = a(r[r™ — 7))}, where if m =+, then m’ is
none, and if m =%, then m’ =7.

[Condition] For each R € R, there is no expres-
sion (Agliry, A%, AY) € R such that, in Gr(G;), some
path from a start symbol in S to A% or A% through
an edge from A, to A, includes an edge from A to
X, where A, € Occ(r).

Swap [Def.| Let p = (A — a(r)) € P;. Then,
P, = (P, — {p}) U{A — a(r[rir2 < rar1])} where
T1T2 is a subexpression of 7.

[Condition] (1) A ¢ N?, and (2) for each R € Ry, if
(Afirp, A1, A2) € R, both or neither of r; and r are
subexpressions of 7.

Split-path [Def.] Let pa = (A — a(ra)) and
p = (B — b(rg)) € P where B occurs in r4.
Suppose that there exists a rule other than p4 in
P whose content model contains B. Then, P, =
(Pr —{pa}) U{A — a(ra[B < B']),B’ - b(rp)},
where B’ ¢ Nj.

Join-path [Def.] Let pa = (A — a(ra)), pp =
(B — b(rp)), and ply — (B' — b(rg)) € P, where
B’ occurs in 74 but B does not in r4. Then,
Py = (Py —{pa}) U{A — a(ra[B" < B])}.
[Condition] (1) N7 includes both or neither of B and
B’, and (2) for each R € Ry, (Aplirp, A1,42) € R
where A,(A;, and Aj, respectively) is B if and only
if (Aplirp, A1, A2) € R where A, (A;, and Az, re-
spectively) is B'.



Divide-rules [Dcf.] Let Py be the set of all the
production rules whose content models contain B.
Let pp = (B — b(r)). Then, P, = (Pi—P4)U{B —
b(r1), B' — ¥/ (r2)}

U{A — a(r[B — (B|B')]
that L(ry) U L(re) = L(
where &' ¢ T.
[Condition] For each R € R; and each
(Bfirp, A1, A2) € R, (1) rp is a subexpression of r;
or Symb(r,) N Symb(r1) =0, and (2) r, is a subex-
pression of 75 or Symb(r,) N Symb(ry) = 0.

)| (A — a(r)) € Pa} such
r) and L(ry) N L(rg) = 0,

Combine-rules [Def.] Let P4 be the set of all
the production rules whose content models contain
(B|B'). Let pg = (B — b(ry)) and pj = (B’ —
b'(rg)) € P. Then, P, = (P — P4)U{B” — b(r)}U
{A — a(r'[(B|B) < B"]) | (A > a(r')) € Pa},
where L(r) = L(r1) U L(rz) and B” € Ny.
[Condition] (1) Ny includes both or neither of B and
B’, and (2) for each R € Ry, (2-1) both or neither
of (Aplirp, B, A2) and (Apfirp, B’, A2) (respectively
(Apfirp, A1, B) and (Apfirp, A1, B')) are in R, (2-2)
if (Bfir’, A1, A2) € R (respectively (B'fir', Ay, A2) €
R), then (2-2a) ' is a subexpression of 7, and (2-2b)
Symb(r’) N Symb(rz) = O (respectively Symb(r') N
Symb(r1) = 0), or (B’fir', A1, A2) € R (respectively
(Bﬁrl7 A17 AZ) € R)

Bundle [Def.] Let p = (A — a(r)) € P;. Then,
Py = (P —{p}) U{X — z(r"), A - a(r[r" < X])}
such that r” is a subexpression of r, where X ¢ N;
and z ¢ Symb(r).

[Condition] For each R € R, if (Afirp, A1, A2) € R,
rp is a subexpression of 7/ or 7’ is a subexpression
of 7p.

Collapse [Def] Let p = (A — a(r')) and X —
z(r"”) € Py where X occurs in 7' and Symb(r’) N
Symb(r") = 0. Then, P, = (P — {p}) U{4 —
a(r'[X —r"])}.

[Condition] (1) Both or neither of A and X are in
NP, and (2) for each R € R, (X{irp, A1,A42) ¢ R,
(Apﬂ'r]hX: Az) ¢ R, and (APquaAbX) ¢ R

Fact [Def] Let p; = (A — a(r)) and pp = (X —
z(r')) € Py such that X occurs in 7, 7’ is of the
form 77" where ¢ is a proper subexpression of 77,
and Symb(r) N Symb(ry) = 0. Assume that an edge
from A to X is a unique edge to X in Gr(G;). Then,
Py = (P1—{p1,p2}) U{A = a(r[X « r; X']), X' —
z(r")}, where X' ¢ Ny.

[Condition] (1) For each R € R, if (Xfirp, A1, A2) €
R, rp is a subexpression of r; or ry is a subexpres-
sion of rp, and (2) A and X are not in NY.

Defact [Def] Let p1 = (A — a(r)) and py =
(X — z(r")) € P, such that ;X occurs in r, and
Symb(rs) N Symb(r’) = @. Assume that an edge
from A to X is a unique edge to X in Gr(G1). Then,

Py = (P~ {p1,p2}) U{A = a(rfrs X « X)), X' —
z(rsr)}, where X’ ¢ Ny.

[Condition] (1) For each R € R, if (X{ry, A1, A2) €
R, then 1, is a subexpression of rf or 7 X is a subex-
pression of 7, and (2) neither A nor X is in NY.

Nest [Def.] Let p= (A — a(r)) such that r has a
subexpression 7}, or T,T, and 75, has a subexpression
rg or ro. Then, Py = (P; — {p}) U{A — a(r[ry «
7‘_;;,7‘; =7}

[Condition] (1) A is not in Nf, and (2) for R € R;
and (Apfirp, A1, A2) € R, (2a) 7} or r] is a subex-
pression of 75, or (2b) not both of 7} and r} overlap
Tp-

Unnest [Def.] Let p = (4 — a(r)) such that r has
a subexpression 7}, or T,T, and 75, has subexpression
7y or 74, Then, P, = (P, — {p}) U{A — a(r[r} «
rg, 7y < 1g])}.

[Condition] (1) A is not in NP, and (2) for each
R € Ry, if (Afirp, A1, A2) € R, then (2a) 7} or 7}, is
a subexpression of 7, or (2b) not both of 7}, and 7},
overlap 7.

5 Conclusion

We have proposed schema update operations for
XML schema evolution and presented a sufficient
condition for the schema updated by each opera-
tion to preserve the information with respect to a
given (R, N°).

Our future work is to make the method of spec-
ifying information to be preserved more expressive.
Another future work is to extract information to
be preserved from queries and transformations for
documents valid to the original schemas.
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