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Abstract. Keys for XML data trees can uniquely identify nodes based
on the data values on some of their subnodes, either in the entire tree or
relatively to some selected subtrees. Such keys have an impact on several
XML applications. A challenge is to identify expressive classes of keys
with good computational properties. In this paper, we propose such a
new class of keys. In comparison to previous work, the new class of XML
keys is defined using a more expressive navigational path language that
allows the specification of single-label wildcards. This provides designers
with an enhanced ability to capture properties of XML data that are
significant for the application at hand. We establish a sound and complete
set of inference rules that characterizes all keys that are implicit in the
explicit specification of XML keys. Furthermore, we establish an efficient
algorithm for deciding XML key implication.

1 Introduction

The study of integrity constraints has been recognized as one of the most im-
portant yet challenging areas of XML research [B/I0] The importance of XML
constraints is due to a variety of applications ranging from schema design, query
optimization, efficient storing and updating, data exchange and integration, to
data cleaning [5]. However, for almost all classes of constraints the complex struc-
ture of XML data results in decision problems that are intractable. In particular,
the consistency problem is either infeasible or intractable for several fragments of
keys as defined by XML schema [2]. It is therefore a major challenge to find nat-
ural and useful classes of XML constraints that can be reasoned about efficiently
[BU10]. Prime candidates of such classes are absolute and relative keys [3] that are
defined on the basis of a tree model for XML as proposed by DOM [I] and XPath
[4], but independently from schema specifications such as DTDs or XSDs [I1].
Figures [1l and 2] show such a representation in which nodes are annotated by
their type: E for element, A for attribute, and S for string (PCDATA).

Keys for XML can uniquely identify nodes based on the data values on some of
their subnodes, either in the entire tree or relatively to some selected subtrees. In
this context, keys are defined in terms of path expressions. Nodes are determined
by (complex) values on some selected descendent nodes. In Figure[I] an example
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Fig. 1. Tree representation of XML data

of a reasonable absolute key is that a contact node can be uniquely identified
in the whole document by values found on the leaves under its name and phone
children. More precisely, assuming that we do not want two contacts with the
same name and a phone number in common to appear in our XML agenda, our
XML key should express that different contact nodes must differ on the values
of their name.S descendent nodes, or otherwise their corresponding sets formed
by the values of all their phone._.S descendent nodes must be disjoint. Here the
single-label wildcard “_” is a place holder for work, home, mobile, and any other
child of a phone node. Note that the XML document in Figure [ satisfies this
key because even though both contacts share the phone number 4636858, they
have different names.

In order to unlock the vast amount of application domains effectively it is cru-
cial to define expressive notions of XML keys whose associated decision problems
are still tractable. As shown in [7I8], for XML keys as defined in [3], the com-
plexity of the implication problem is influenced by the choice of a path language
for defining such XML keys. On the other hand, the choice of a navigational
path language for defining XML keys influences the expressiveness of these keys.
For instance, the class of XML keys with non-empty sets of simple key paths
proposed in [3] is quite expressive. However, those XML keys cannot express the
one from the previous example. A wider range of XML keys can be expressed by
the class of XML keys proposed in [3] in which variable length wildcards in key
paths as well as empty sets of key paths are allowed. But, up to our knowledge,
the problems of axiomatising and developing efficient algorithms that decide the
implication of such class of XML keys are still open (see [7I8]). By contrast, for
the class of XML keys with non-empty sets of simple key paths, a sound and
complete axiomatization and an efficient algorithm for the implication problem
was presented in [7]].

It is noteworthy that there are alternative XML representations of the example
presented in Figure [Il in which the use of wildcards to specify the proposed
XML key can be avoided. See for instance Figure 2l Nevertheless, the ability
to interchange structure (the names) with data (their values) constitutes one of
the strong points of semistructured data and XML. It allows users to generate
intuitive XML documents, such as the one in Figure[Il In fact, it is unrealistic
and counter-productive to generate less intuitive XML documents, for example
the document in Figure 2, for the sake of making restricted tools applicable.
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Thus, it is a significant challenge to identify expressive classes of XML keys
that still enjoy good computational properties. In this paper, we propose such
a new class of XML keys. In comparison to previous work, the new class uti-
lizes a more expressive navigational path language that allows the specification
of single-label wildcards. This provides designers with an enhanced ability to
capture properties of XML data that are significant for the application at hand.
In particular, the XML key (e, contact, ({name.S, phone._.S})) falls into this new
class of keys, and captures successfully the semantics of our example. We estab-
lish a sound and complete set of inference rules that characterizes all keys that
are implicit in the explicit specification of XML keys. Furthermore, we establish
an efficient algorithm for deciding XML key implication.

2 Preliminaries

The XML Tree Model. We assume that there is a countably infinite set E
denoting element tags, a countably infinite set A denoting attribute names, and
a singleton set {S} denoting text (PCDATA). We further assume that these sets
are pairwise disjoint. We refer to the elements of £ =EUA U {S} as labels. An
XML tree is a 6-tuple T' = (V, lab, ele, att,val, ) where V denotes a set of nodes,
and lab is a mapping V' — L assigning a label to every node in V. A node v € V
is called an element node if lab(v) € E, an attribute node if lab(v) € A, and a
text node if lab(v) = S. Moreover, ele and att are partial mappings defining the
edge relation of T for any node v € V, if v is an element node, then ele(v) is
a list of element and text nodes in V' and att(v) is a set of attribute nodes in
V. If v is an attribute or text node, then ele(v) and att(v) are undefined. The
partial mapping wval assigns a string to each attribute and text node: for each
node v € V, val(v) is a string if v is an attribute or text node, while val(v) is
undefined otherwise. Finally, r is the unique and distinguished root node. A path
p of T is a finite sequence of nodes vy, . .., vy, in V such that (v;_1,v;) is an edge
of T for i = 1,...,m. The path p determines a word lab(v).- - .lab(vy,) over
the alphabet £, denoted by lab(p).

Value Equality of Nodes in XML Trees. Two nodes u,v € V are value equal,
denoted by u =, v, iff the following conditions are satisfied: (a) lab(u) = lab(v),
(b) if u, v are attribute or text nodes, then val(u) = val(v), (c) if u, v are element
nodes, then (%) if att(u) = {a1,...,an}, then att(v) = {a},...,a.,} and there is
a permutation 7 on {1,...,m} such that a; =, a;(i) fori=1,...,m, and (i) if

ele(u) = [ug, ..., ug], then ele(v) = [v1,...,v5] and u; =, v; for i =1,... k.
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Path Expressions for Node Selection in XML Trees. We use the path
language PL' -} consisting of expressions given by the following grammar:
Q—1C]e]| QQ | - | * Here £ € L is any label, € denotes the empty path
expression, “.” denotes the concatenation of two path expressions, “_” denotes
the single-label wildcard, and “_*” denotes the wvariable length don’t care wild-
card. Let P,Q be words from PL'--7. P is a refinement of Q, denoted by
P < Q, if P is obtained from @ by replacing variable length wildcards in @
by words from PL'"--"} and single-label wildcards in Q by labels from L. Let
Q be a word from PL'~-"?. A path p in the XML tree T is called a Q-path if
lab(p) is a refinement of Q. For nodes v,w € V, we write T = Q(v,w) if w is
reachable from v following a @Q-path in T'. For a node v € V, let v[Q] denote
the set of nodes in T that are reachable from v following any @-path, that is,
v[Q] = {w | T & Q(v,w)}. We use [Q] as an abbreviation for r[Q] where r
is the root node of T. For S a nonempty subset of {.,_, _*}, PL® denotes the
subset of PL'"~~"} expressions restricted to the constructs in S. Q € PLt "}
is walid if it does not have labels ¢ € A or ¢ = S in a position other than the
last one. Let P,Q be words from PL‘“--"}. P is contained in @, denoted by
P C Q, if for every XML tree T and every node v of T we have v[P] C v[Q]. Tt
follows immediately from the definition that P < @ implies P C Q. For nodes v
and v’ of an XML tree T, the value intersection of v[Q] and v'[Q] is given by

o[Q) N v'[Q] = {(w,w) | w € v][Q], v’ € V[Q], w =, w'}.

3 Keys for XML

Following [3], let us first define formally the concept of XML key. Let PLy, PLo
and PLj3 be path languages suitable for node selection in XML trees such that
for some fixed 1 < m < 3, it holds that for 1 < ¢ < 3, if a path expression is
in PL;, then it is also in PL,,. An XML key ¢ in a class K(PLy, PLy, PL3)
of XML keys, is an expression of the form (@, (Q',{Q1,...,Qk})) where Q is
a PL; expression, Q' is a PLs expression, and for 1 < ¢ < k, Q; is a PL3
expression such that Q.Q’.Q; is a valid PL,, expression. Herein, ) is called
the context path, Q' is called the target path, and Q1,...,Qx are called the key
paths of . An XML tree T satisfies a key (@, (Q',{Q1,...,Qk})) if and only if
for every node ¢ € [@Q] and all nodes ¢1, ¢5 € ¢q[Q'] such that there are nodes
x; € 1]Qi],vi € ¢5]Q;] with x; =, y; for all ¢ = 1,... k, then ¢} = ¢5. Some
examples of XML keys follow.

a. (e, (contact, {name.S, phone._.S})). This XML key formalizes our example
from the introduction in XML trees with the form of the tree in Figure [l

b. (e, (*.contact, {phone._.S})). This key is not satisfied by the tree in Figure [II
since both contacts share the work phone number 4636858.

c. (g, (contact, {name.S, phone.S})). This XML key expresses the same as the
key in a., but over XML trees with the form of the tree in Figure

d. (e, (contact, {name.S, phone._*.5})). Over trees with the form of the one in
Figure [l this XML key is equivalent to the key in a., and over trees with the
form of the one in Figure 2] it is equivalent to the key in c.
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e. (g,(*.contact, {_*.S})). It roughly expresses that any two different contact
nodes in the tree must differ in all values of all their descendent S nodes.
Neither the tree in Figure [l nor the tree in Figure 2l satisfies this key.

f. (g, (contact, {})). This key expresses that there cannot be two different con-
tact nodes v and v such that both are children of the root node and the
subtrees rooted at u and v are isomorphic by an isomorphism that is the
identity on string values. It is satisfied by both the tree in Figure [l and
the tree in Figure

g. (e, (contact, ). This is satisfied by a tree if there is at most one contact node
that is a child of the root node.

h. (,(;,{-})). In an XML tree that satisfies this key, one will never find two
different children nodes of the root for which the value intersection of their
corresponding sets of child nodes is non-empty. This key is satisfied by the
tree in Figure [[] and violated by the tree in Figure 2.

i. (contact, (phone._, {S})). Interpreted in a XML tree with the form of the tree
in Figure[I] this key expresses that , for each individual contact node, different
work, home and mobile nodes must all have different phone numbers.

Let X U {p} be a finite set of XML keys in a class C. We say that X (finitely)
implies @, denoted by X [=(y) ¢, if and only if every (finite) XML tree T' that
satisfies all o € X also satisfies . The (finite) implication problem for C is to
decide, given any finite set XU {¢} of keys in C, whether X' |= 4y o. For a set X
of keys in C, let X7y ={p € C| X' |=(y) ¢} be its (finite) semantic closure, i.e.,
the set of all keys (finitely) implied by X. The notion of syntactical inference
(Fo) with respect to a set 2R of inference rules can be defined analogously to the
notion in the relational data model. That is, a finite sequence v = [y1,...,y] of
XML keys is called an inference from X by R if every +y; is either an element
of X or is obtained by applying one of the rules of R to appropriate elements
of {71,...,7i-1}. We say that the inference 7 infers ~;, i.e. the last element of
the sequence 7, and write X o ;. For a finite set X of keys in C, let X = {¢ |
Y b, ¢} be its syntactic closure under inferences by 2. A set R of inference
rules is said to be sound (complete) for the (finite) implication of keys in C if

for every finite set X' of XML keys in C we have X C 22 (E(*f) C Xy). The

set M is said to be an aziomatisation for the (finite) implication of keys in C if
R is both sound and complete for the (finite) implication of keys in C. Finally,
an axiomatisation fR is said to be finite if the set R is finite.

A finite axiomatization for the (finite) implication of keys in the class of XML
keys with non-empty sets of simple key paths KC(PL'""}, PL"-" PL{?), was
established in [7U§]. Here we use the “+” symbol to indicate that the finite set of
key paths must not be empty. It is important to note that from a practical point
of view, and as illustrated by the examples given in [3I7I8], many useful XML
keys belong to the class K(PL"-"}, PL'=" PLY}). Note that the XML keys in
points (c) and (f) above belong to this class.

A more expressive class of XML keys was studied in [9], namely the class
KC(PLY-", PLY-3 PLEY). Here we use the “x” symbol to stress that the finite
set of key paths can be empty. Note that, the key in point (g) above belongs
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to this class of XML keys. Also the keys in points (c) and (f) belong to this
class since those keys also belong to the class K(PL'~"}, PL"-"7 PL{?) which
is strictly included in it.

In this paper, we study the class K(PL">"7, PLt>=") PLL ) of XML keys
in which single-label wildcards are allowed in context, target and key paths.
Except for the keys in points (d), (e) and (g), all other keys introduced above
belong to this class. Clearly, this class of XML keys is more expressive than
the class studied in [7I8] as it strictly includes all XML keys that belong to
KC(PLY"Y, PLY-) PLYY) and, at the same time, it includes keys as those in
points (a), (b), (h) and (i) for which there are no equivalent XML keys in
K(PLY", PL"-" PLY?). Note that this new class is orthogonal to the class
K(PLY-1 PLY-} PLEY) studied in [9]. Take for instance the key in point (h),
it is easy to see that there is no XML key in IC(PL*~"}, PL"-"7 PLL?) that is
satisfied by exactly those XML trees that satisfy (g, (., {_})). A clear example
in the other direction is given by the XML key in point (g). Also note that
the set of inference rules used in [9] for the finite axiomatization of the class
KC(PLY-"}, PLY-"} PLLY) is considerably different from the set of inference rules
proposed in this work for the class K(PL" ="}, PLt "} PLY). Furthermore,
the techniques and results used in that paper are different.

From now on, for an XML key ¢, we use (), to denote its context path, Q;,
to denote its target path, and P7,. .. ,P,:‘; to denote its key paths, where k, is
the number of its key paths.

4 An Axiomatisation

Theorem 1. Let R denote the set of inference rules in Table[1l together with the
key-path containment rule in Equation {d). Then R forms a finite axiomatisation

for the implication of XML keys in K(PL'~-7 PLt="7 PLL).

Su{P

((g: ((3’:8 5 {{P’}})))) P'CP (key-path containment) (1)
The soundness of the key-path containment rule is not difficult to see. Suppose
an XML tree T violates (@, (Q', SU{P’})). Then there is some node ¢ € [Q] and
some nodes ¢;, ¢, € q[Q'] such that ¢} # ¢4 and for all P, € SU {P’} it holds
that ¢} [Pi] Ny ¢3[P:] # . In particular, this means that ¢} [P'] N, ¢5[P'] # 0.
Since P’ C P, we have that ¢{[P'] C ¢{[P] and ¢,[P'] C ¢4[P]. But then,
1 [P] Ny ¢4[P] # 0. Hence, T also violates (@, (Q',S U {P})). It is a simple
technical task to modify the soundness proofs of the rules in Table [l to show
that they remain sound.

For the completeness proof we need to show that, for an arbitrary finite set
Y U{p} of keys in K(PL" =", PL "7 PLY ), if o ¢ S, then there is some
XML tree T which is a counter-example for the implication of ¢ by X.

The general proof strategy is as follows. In a first step, we represent ¢ in
terms of a finite node-labelled tree T’z ,, which we call the mini-tree. Then, we
calculate the impact of each key in X' on the counter-example tree T' that we
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Table 1. An axiomatisation of XML keys in K(PL'-"}, PL4" PLfr'}) 18]

(Q, (@, 8Uu{e, P})) (@, (@Q,9))
@, (e,9)) (Q,(Q,SU{e, P.P'})) (@, (Q,SU{P}))
(epsilon) (prefix-epsilon) (superkey)
@@P{PY)  @@Q.5) @@.5) ,
(@, (@, {P.P'})) @, (Q,S) "~ ~ (@, (Q",8)) " ~
(subnodes) (context-path-containment) (target-path-containment)
(Q7 (Ql7 {P'P17"'7P'Pk}))7
(Q7 (QI'Q”7S)) (Q7 (QI'P7 {€7P,})) (Q'Ql7(P7 {P177Pk}))
(Q'Ql7(QII78)) (Q7 (le{‘st‘Pl})) (Q7(Q/'P7 {Plv"'vpk}))
(context-target) (subnodes-epsilon) (interaction)

want to build. We keep track of these impacts by inserting additional upward-
directed edges into T's ,. This result in a digraph G, which we call witness
graph. Finally, we apply a reachability algorithm to G x , to decide which nodes
to duplicate in T's; o, in order to generate the desired counter-example tree T .

Even though the strategy is similar to the strategy used in [78], the actual
proofs required a thorough revision of the original approach and some novel
ideas. Even a different construction for the mini-trees is needed to cope with the
case of single-label wildcards.

Mini-trees and Witness Graphs. Let X' U {¢} be a finite set of keys in
K(PLY =, PLY"~", PLY). Let Lx,, denote the set of all labels ¢ € £ that
occur in path expressions of keys in X' U {¢}, and fix a label ¢y € E — L ..
Let O, and O, be the PL"* expressions obtained from the PL%~-"} expressions
Q, and Q;}, respectively, by replacing each single-label wildcard “” by ¢y and
each variable length wildcard “_*” by a sequence of [ + 1 labels ¢y, where [ is the
maximum number of consecutive single-label wildcards that occur in any key in
Y. Further, for each i = 1,..., ky, let Of be the PL"} expression obtained from
the PL'* expression P} by replacing each single label wildcard “_” by ¢y. Let p
be an O,-path from a node 7, to a node gy, let p’ be an Og,-path from a node r

%)
to a node ¢, and, for each i = 1,..., ky, let p; be a Of-path from a node 77 to a
node z¢, such that the paths p,p’, p1,... , Pk, are mutually node-disjoint. From

the paths p,p’,p1,. .., pr, we obtain the mini-tree T , by identifying the node
7‘:0 with ¢,, and by identifying each of the nodes r{ with q;,. The marking of the
mini-tree T’z ,, is a subset M of the node set of T'x; ,: if for all i =1,...,k, we
have P # e, then M consists of the leaves of T'x ,,, and otherwise M consists
of all descendant nodes of ¢, in T’ ;.

Ezample 1. Let X consist of o1 = (g, (*.contact, { _.name.S, _.phone.S})) and
o9 = (_.contact, (-, {name.S, phone.S})). The left of FigureBlshows the mini-tree
Ty, for the key ¢ = (g, (_*.contact._, {name.S, phone.S})), where ¢y = diary
and the marking of the mini-tree consists of its leaves (emphasised by x).

We use mini-trees to calculate the impact of a key in X' on a possible counter-
example tree for the implication of ¢ by Y. To distinguish keys that have an
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Fig. 3. A mini-tree, two witness graphs and a counter-example tree

impact from those that do not, we introduce the notion of applicability. Let T's; ,
be the mini-tree of the key ¢ with respect to X, and let M be its marking. A
key o is said to be applicable to ¢ if and only if there are nodes w, € [Q,] and
w), € we[Q.] in T, such that w, [PF]NM # 0 for all i =1,...,k,. We say
that w, and w! witness the applicability of o to ¢. As an example, consider X
and ¢ from Example [l While o; is applicable to ¢, o9 is not. We define the
witness graph Gx, as the node-labelled digraph obtained from 7T’s; ,, by inserting
additional edges: for each key o € X that is applicable to ¢ and for each pair
of nodes w, € [Q] and W, € w,[QL] that witness the applicability of o to ¢,
Gx,, contains the directed edge (w),, w,) from w, to we.

Ezample 2. Let X and ¢ be as in Example[Il The witness graph G , is shown
as second picture in Figure Bl It contains a witness edge arising from o .

Theorem 2. Let YU{p} be a finite set of keys in K(PL'="7, PL"="7 PLL).
We have X |= ¢ if and only if q, is reachable from q, in Gx ,.

The next example illustrates how the edges of the witness graph encode an
inference by fR.

Ezample 3. Let X cousists of the two keys o1 = (g, (diary.contact, {_.S, _._.S})
and oy = (diary, (contact._._,{_})), and let ¢ = (e, (diary.contact._, {S, _.S})).
The witness graph G, is shown as first picture of Figure[dl Here detail is the
fixed label chosen from E — L5 ,. We use the same fixed label for all cases that
follow. We apply the subnodes rule to o2 to derive o}, = (diary, (contact._, {_._})),
the new key-path containment rule to o} to derive o} = (diary, (contact._, {_.S}))
and the superkey rule to of to obtain o}’ = (diary, (contact._, {S,_.S})). Let
X' ={01,04'}. The witness graph Gs , is shown as second picture in Figure
We apply contezt-target to b’ to derive (diary.contact, (-, {S,_.S})) denoted by
o3. Let ¥ = {01, 03}. The corresponding witness graph G, is shown as third
picture in Figure[d An application of the interaction rule to o1 and o3 results
in ¢ which shows that ¢ € E;, illustrated on the right of Figure @l

Note that, if we simply apply the construction of the mini-trees from [7/§], i.e.,
if we simply replace each variable length wildcard “_*” by the single label ¢,
instead of a sequence of [ 4+ 1 labels £y, then Theorem [2] does not hold. In fact,
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Fig. 4. Encoding the keys from Example [J] as witness edges

for the mini-tree of ¢ in Example [I, we would get the witness graph shown as
third picture in Figure[3l Hence, g, would be reachable from q;, but o & X* as
the tree on the right of Figure [ shows.

An Tllustration of The Completeness Argument. Let X' U {¢} be an arbi-
trary finite set of keys in C(PL~-"), PL=""} PL{ ) such that ¢ ¢ 2. In order
to show completeness one needs to demonstrate that ¢ ¢ 3*. Indeed, we can con-
struct a finite XML tree T which satisfies all keys in X' but does not satisfy . If
v ¢ E;, then one can show that there is no path from qu to gy in Gx,,. Let u
denote the bottom-most descendant node of g, in T'x ,, such that g, is still reach-
able from u in G5 ,. Consequently, u is a proper ancestor of q;, because otherwise
u and thus g, were reachable from ¢/, in G'x , according to the downward edges.
Let Ty denote a copy of the path from r to u, and T, T> denote two node-disjoint
copies of the subtree of T's; , rooted at u. We want that a node of 77 and a node
of T, become value equal precisely when they are copies of the same marked node
in T’z . For attribute and text nodes this is achieved by choosing string values ac-
cordingly, while for element nodes we can adjoin a new child node with a label from
L — (L5, U {l}) to achieve this. The counter-example tree T is obtained from
Ty, T1, T by identifying the leaf node u of Ty with the root nodes of 77 and T5.

Example 4. Let X and ¢ be as in Example[2l Then w is the single contact-node
in T . The counter-example tree T', shown on the right of Figure [ is the
result of this construction.

5 Deciding Implication in IC(PL{~"3, PL"~"}, PLY)

Theorem [2] suggests to utilise the following algorithm for deciding XML key
implication.
Algorithm 3 (XML Key Implication in K(PL" -}, PL"~-"} PL{))

Input: finite set X' U {¢} of XML keys in K(PLt >}, PLU--" PLE)
Output: yes, if X = ¢; no, otherwise

Method:

(1) Construct Gz, for ¥ and ¢;

(2) if gy, is reachable from ¢}, in G5, then return(yes); else return(no).

For the class K(PL"~"7, PL"-7 PLY?), Algorithm B] can be implemented in
time quadratic in the size of the input [7U8]. Due to the different construction
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needed for the mini-trees, it is not clear whether Algorithm [3]can also be imple-
mented in quadratic time for the class KC(PL'="}, PL"--"7 PL{). However,
it can still be implemented efficiently.

Theorem 4. If ¥ U {y} is a finite set of keys in K(PL'~"7, PL"~"7 PLL),
then the implication problem X |= ¢ can be decided in O(|p| x I x (|| X]|+ || x 1))
time, where |@| is the sum of the lengths of all path expressions in o, ||X|| is
the sum of all sizes |o| for o € X, and | is the mazimum number of consecutive
single-label wildcards that occur in X.

6 Future Work

When defining XML keys there are at least two factors that determine their
expressiveness: i) the navigational operators for accessing nodes (e.g., path ex-
pressions for descendants/ancestors) and ii) the notion of value equal nodes
(e.g., string equality on leaves, isomorphic subtrees). It is a challenging goal to
identify (combinations of) such sources of expressiveness that still permit the
development of tractable solutions to the associated decision problems [G].

Future research should further address the implementation of reasoning tech-
niques in real XML applications, e.g., in schema design, data integration, ex-
change and cleaning, as well as query optimisation and rewriting, and consistent
query answering. This may lead to the detection of further fragments of XML
keys or relaxations thereof that deserve investigation.
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