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Reasoning about Structural Integrity Constraints for XML
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Abstract In order to efficiently optimize XML path expression queries, this paper gives a system
of structural integrity constraints for XML (XSICs). The pattern system provides effective
means to specify the structural relationships between different paths or nodes in form of path im-
plication, path concurrence and path mutual-exclusion, element obligatory inclusion, element ex-
clusive inclusion. On the basis of this, the implication and consistency problems of XSICs are
studied. Firstly, the technique of constraint rewriting is introduced to rewrite all kinds of con-
straints into path constraints. Secondly, a set of inference rules for path implication constraints is
developed. Finally, the paper proves the completeness of these inference rules, and gives the con-

sistency determinant method of XSICs by using the path implication closure.

Keywords structural integrity constraints for XML ; logical implication; consistency; inference
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it Pl

if Constraint-Rewrite(A) == then return J;

S=Constraint-Chase (A, Closure (Q)) ;

i=0; A= ; B;={P}; B.,, = ;
(PG A& &e, € Nodes(P)& &e;=e, €3)
if e, =Last(P) then B,={P//e,}; else
BY :B: U {c'|k‘|('2€z“'(',€,//€l };
for each g==C" (P’ >Q)H €=
if (CE€ Subpaths(C) | C'==¢e) then A=AU{¢};
/xRN 1/
for each p==C"(P'>=QH €>x
if (C' € Subpaths(C)) then A=AU{g); /xHN 2 %/
do while B, #B;
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for each = P€ B;
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for each p€ A

if g==C(P<Q) then
replace ¢ with C(P—>Q),C(Q—P);
if o==C(P Q) then
if |C|=1 then return &
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return A.
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With the emergence of large number of XML data in the
internet, more and more people tend to manage XML data
and retrieve information from them in the same way they do
with the database. In order to enhance semantic specification
of XML, many scholars at home and abroad concentrate on
extending pattern system of XML documents by the tradi-
tional integrity constraints such as keys, foreign keys and
functional dependencies. These integrity constraints, which
play an important role in XML schema normalization., pre-
scribe the value relationships among related nodes. But they
are inadequate to specify structural relationships between dif-
ferent nodes or paths. As main patterns of XML documents,
Document Type Definitions (DTDs) and XML Schema speci-
fy admissible elements, elements nesting. attributes and their
order. but they are also inadequate to deal with complex
structural relationships between different nodes or paths.

One of the common features shared by all XML languages is
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the use of path expressions, which define a way of navigating
XML Queries in XML documents. Since XML documents are
often modeled as node-labeled trees, a path expression can
also be modeled as a tree, named a tree pattern. Answering a
path expression query requires matching the tree pattern re-
presenting this query against an XML document (or docu-
ment set). The efficiency of the matching operation largely
depends on the size of tree patterns, so minimizing path ex-
pression is very essential in XML queries. Now, there are
many achievements in the research on the path expression
minimization. These achievements only consider required
children, required descendant and subtypes constraints,
without taking complex structural relationships between dif-
ferent nodes or paths into account. However. the structural
relationships provide more opportunities for XML queries
minimization. Therefore, the paper introduce a pattern sys-
tem for XML documents— structural integrity constraints for
XML (XSICs). As stand-alone formalisms, the paper shows
the implication and consistency problems are efficiently decid-
able, and there exists a sound and complete set of inference

rules for XSICs.



