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Abstract. We propose an implementation and analyze the performances
of checking XML key and functional dependency (XFD) satisfaction. The
work is based on the definitions of XML key and XFD we proposed for
the ordered XML model. It investigates how the number of occurrences
of elements in the document and the number of paths in the constraints
affect the behavior of XML key and XFD satisfaction checking. The results
of the study show that both XML key and XFD can be checked in linear
time with the number of tuples and with the number of paths involved
in key and XFD. Also, XFD can be checked linearly with the number of
XFDs.

1 Introduction

XMLI[13] is widely used as a data representation and storage format over the web.
It is also used in many data intensive activities such as data integration[Tl2], data
warehousing[3], data exchange, data translation[4], data publishing[5]. As the use
of XML has increased immensely in recent years, the research for XML in the
context of database perspective has been getting much attention. One such area
is the development of constraint mechanisms for XML[6I/7].

There are many proposals on XML constraints such as XML keys(see [26] for
an overview of proposals) and XML functional dependencies [2TTHIT6/2212324].
Buneman et al. [8] presented the concept of keys for XML documents where wild
cards are allowed in the target path, but not allowed in the key paths. Besides
some inference rules of keys, they proposed the concepts of absolute keys and
relative keys. At the same time, they discussed two types of satisfactions: strong
key satisfaction and weak key satisfaction. They also showed the expressiveness
of their proposal for keys over the XML Schema[l4]. Later Buneman et al.[9]
presented the reasoning (satisfiability and axiomatization) of their proposed no-
tion of XML keys. Fan et al.[I0] proposed an extended XML key notation which
allows wildcards, especially the upward wildcards in the key paths. A further
work [I1] of Fan and Simeon studied integrity constraints for XML like keys,
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foreign keys, inclusion constraints, inverse constraints. Another research work
by Fan and Libkin[I2] showed the analysis of the implication problems of vari-
ous XML integrity constraints[I1] in the presence of DTDs with the main focus
being the implication problem of keys and foreign keys. In [7], W. Fan reviewed
the XML constraints with specifications, analysis, and applications. Recently, S.
Hartmann et al.[25] investigated the structural key in XML.

With regard to XML functional dependencies, Arenas and Libkin[21] showed
the functional dependencies for XML in terms of tree tuples. Millist et al.[22]
proposed their notion of functional dependencies for complete XML documents.
Another paper[24] defined the functional dependencies for XML considered re-
stricted features of DTDs. Liu et al.[23] showed the notion of XML functional
dependency that actually subsumes the functional dependencies for relational
database. In another paper[15], Liu et al. presented the notion XML functional
dependencies considering the functional dependencies for incomplete relations
and categorized the functional dependencies of XML into two types: global func-
tional dependencies(GXFDs)[15] and local functional dependencies(LXFDs)[16].

Recently, we proposed XML key [27] for an ordered XML model. This proposal
is necessary because if we use the key definition of [8J9] against the ordered model,
incorrect results would be generated. Our definition uses #PCDATA ended
paths as key paths(also called fields). The importance of using #PCDATA
ended paths as key fields is two folded. Firstly, by doing so, the key field values
are explicit texts which can be specified by users. This is in contrast to using node
identifiers as values [8[9]. Secondly, a tree can have only one node (the root) and
thus may have no text values. Using #PCDAT A ended paths prevents tuples
from having no text values. In other words, it avoids null values for key fields
and therefore avoids unclear semantics. The satisfaction of our key definition
is between the strong key satisfaction and the weak key satisfaction defined in
[8]. Strong key[I4] definition allows only one tuple of fields in the key to appear
under each target node. While the weak key definition allows multiple tuples for
the key fields under each target node and some of these tuples can be the same
(duplicate) but tuples between different target nodes must not have common
values for all fields. Our definition is between the two definitions in the sense
that we allow multiple tuples, but all tuples of the key fields must be distinct in
the target and in the whole tree. We then extended our key definition to XFD
in [28] for the same ordered XML model.

In this paper, we study the implementation and performance of checking XML
key and XFD proposed in [27I28]. The study is motivated by the fact that
like in the relational database, the implementation of XML keys and XFDs is
critical to the quality of data in the XML database. Every time when there is a
new instance for the database, we like to check the constraints against the new
instance to ensure proper data is added or removed from the database. At the
same time, the performance of the implementation is important to the efficiency
of the database. Different ways of implementing the same mechanism will result
in different performances. To a database management system, the efficiency of
all processes is always critical to the success of the system.
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In the literature, the checking of XML key and foreign keys using SAX was
studied in [I9] based on the proposal presented in [8]. An indexing based on paths
on key is used in checking and the performance was shown as linear. Another
study in [20] showed the XML key satisfaction checking using XPath based on
DOM|29]. The study showed the checking of XML key can be done in polynomial
time. We also use DOM(contrasting the use of SAX in [19]) for parsing XML
document, but our implementation is different from the studies [I9/20] because
we use a novel method of pairing the close values of elements to capture the
correct semantics in tuple generation while parsing the document.

In case of XFD satisfaction checking, Liu et al. conducted performance studies
of checking XFDs [I7] and checking XML multiple value dependencies [I§]. The
work in this paper is different from both [I7] and [I§] in that the data model as-
sumed in this paper allows repeated occurrences of a nested type structure while
this is not assumed in [I7] and [I8]. We use an example to explain repeated occur-
rences of anested type structure. The DTD <!ELEMENTmulti-choice-questions
(question, (choice,is-answer)*) *>allows the nested type structure (choice,
is-answer) to repeat for multiple times for each question in a document conform-
ing to this DTD. Because of the allowance of repetition of a nested structure, the
parsing of a document for values relating to checking of a key and an XFD be-
comes different and the time spent on this part of the performance analysis counts
a great amount of the overall time spent on checking, as shown later. Because of
this fundamental difference in assumed data models, this work is different from
[17] and [18].

Our paper is organized as follows. We give the basic definitions and notation
in Section 2. The algorithms for tuple generation and its implementation are
given in Section 3. We present the study on checking XML key satisfaction in
Section 4. In Section 5, we also study the checking the XFD satisfaction. We
conclude with some remarks in Section 6.

2 Basic Definitions

We now review some basic definitions proposed in [27I28] which are critical
to guarantee the self-containment of the paper. Before defining XML key, we
introduce the notation for DTD and paths on DTD using examples.

A DTD is defined in our notation as D = (EN, [3,p) where EN contains
element names, p is the root of the DTD and [ is the function defining the
types of elements. For example, the DTD D in Fig[la) is represented in our
notation as ((root) = [A]", B(A) = [BT<[MT«ET||", B(M) = [C*<D*]*,
B(B) = B(C) = B(D) = B(E) = Str where Str is #PCDATA, EN =
{root, A, B,C,D,E, M, Str}, and p = root. An element name and a pair of
squared brackets [ ]’ each, with its multiplicity, is called a component. For ex-
ample, [A]*, [BTx[M T« ET]|T are two components. A conjunctive or disjunctive
sequence of components, often denoted by g, is called a structure. For example,
the structure g1 = BT x[MT«E™] is a conjunctive sequence and g; = [A|B]*
is a disjunctive sequence. A structure is further decomposed into substructures
such as g is decomposed into g, and g, where g, = BT and g, = [M < E*].
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Fig.1. (a) An XML DTD D and (b)An XML document 7'

Now we define paths on the DTD. In Figllfa), we say A/M/C is a simple
path and root/A/M/C is a complete path. A complete path starts with the
root element of the DTD. The function beg(A/M/C') returns A, last(A/M/C)
returns C' and par(M) returns A.

Now we are ready to define the XML key.

Definition 1 (XML Key). Given a DTD D = (EN,3, p), an XML key on
D is defined as k(Q,{Py, -+, P}), where ]l >0, Q is a complete path called the
selector, and {Py,---, P;,---, P} (often denoted by P) is a set of fields where
each P; is defined as:

(a) P, = pinU- - -Upin, ,where "U” means disjunction and p;; (j € [1,---,ni])
is a simple path on D, and B(last(p;;)) = Str, and p;; has the following
syntax:
pij = seq
seq = e | e/seq where e € EN;

(b) Q/pi; is a complete path. O

For example, k(root/A,{M/C,M/D}) is a key on the DTD D in the Fig[ll
The selector root/A is a complete path, M/C and M/D are simple paths,
root/A/M/C and root/A/M/D are also complete paths, B(last(M/C)) = Str
and [(last(M/D)) = Str. We say k is valid on D as it follows the definition [

Before defining XML key satisfaction, we introduce some definitions and no-
tation using examples.

An XML document is represented as an XML tree T' = (v : e (175 - - - Ty)) if
element e encloses other elements or T' = (v : e : txt) if e encloses the string value
txt where v is the node identifier which is omitted when the context is clear, e
is the element name labeled on the node, Ti---T; are subtrees. For example,
in Figllib), the document 7' is represented as T,, = (v, : root(Ty,Ty,)). Then
Tv1 = ('1)1 : A(TvaTv4Tv5Tv5Tv7))7 Tvz = (UQ : A(TvsTngvlo))7 Tva = ('1)3 : B
b1), Ty, = (vq : B : b2),--- Other subtrees can be expressed in the same way. We
say Ty,, =v Tuys where Ty, = (v12 : C @ ¢2) and Ty, = (v16 : C = €2).
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Now we give an example to show the important concept hedge which is
a sequence of adjacent subtrees for a type structure. Consider the structure
g1 = [C*<xD*]* in Figllia). The trees Ty, Ty, Tv,; form a hedge conform-
ing to g1 under node vs, the trees T,,,T,,, form a hedge under node vg, and
the trees Ty, Ty, L5 Loy, form a hedge under vg. However, when we consider
g2 = [C*«D*] (without * compared to g;), there are two sequence conforming to
g2 for node vg: T, ,T%,, and Ty, T,,,. To reference various structures and their
conforming sequences, we introduce the concept hedge, denoted by HY, which
is a sequence of trees conforming to the structure g.

We now give the formal definition of hedge.

Definition 2 (Hedge). A hedge H is a sequence of adjacent primary sub trees
Ty Ty --- T, of the same node that conforms to a specific type construct g. O

Now we introduce two concepts minimal structure and minimal hedge. A mini-
mal structure of one or more elements is the structure that is encompassed within
']’ bracket containing those elements. Consider 3(A) = [B*x[M*xE*]|* for D
in Figll[a). The minimal structure of B and E is g5 = [BT x[M " xE"]] meaning
that both elements B and E are encompassed within the outermost ’[]” bracket.
Thus the minimal hedge conforming to g3 is H{® = T,,T,, Ty, Tvs Ty, for node
v, and HY® = T,,,T,,T,,, for node vy in the document 7' in Figll(b). But the
minimal structure of C' and D is go = [C*xD*]. So the the minimal hedges con-
forming to go are H{®> = T,,, Ty, Ty, for node vs, H3* = T, T, for node vg,
HY? =T,,,Ty,, and H® =T,,,T,,, for node vg in T

We now give the formal definitions of minimal structure and minimal hedge.

Definition 3 (Minimal Structure). Given a DTD definition [(5(e) and two
elements e1 and es in [(e), the minimal structure g of ex and es in (3(e) is the
pair of brackets that encloses ey and ex and any other structure in g does not
enclose both. O

Definition 4 (Minimal Hedge). Given a hedge H of 3(e), a minimal hedge of
e1 and es is one of H9s in H. O

We then use minimal structure and minimal hedge to produce tuple for the
paths in P(P-tuple). Consider an XML key k(root/A, {B, M/C,M/D}) on the
DTD D in Figlla). Here, the selector path is root/A and the fields are B,
M/C and M/D. The minimal structure for element names B, M/C and M/D
is g4 = [BT«x[M " «ET]]. The minimal hedges for g4 are H{* = T\, T, Ty, Ts T,
under node v; and Hé“ = Ty Ty Ty, under node vy in T'. The P-tuples for the
first hedge H{* are Fy = (Ty,Ty,, Tyys) = ((vs : B : b1)(v11 : C : cl)(v13 : D :
d4)), F2 = (Tv3Tv12Tv13) = ((’Ug : B b].)('l)lg : C 62)(1)13 : D d4))7 Fg =
(To3Toy, Toys) = ((v3 : B :bl)(v1a : C : e3)(v15 : D : d5)), Fy = (T, Toy, Tvys) =
((va : B :02)(v11 : C :cl)(vig : D = dd)), F5 = (Ty,TvysT0ys) = ((va : B :
b2)(v12 : C : €2)(v13 : D : d4)) and Fs = (Ty, Ty, Tor5) = (v4 : B 1 02)(v14 : C':
¢3)(v15 : D : d5)). Similarly, P-tuples for the hedge H3* are F; = (T Ty, Tv,,) =
((vg : B :b3)(vig : C = e2)(v17 : D : d6)) and Fg = (Tyy Ty, Tvre) = ((vs : B :
b3)('l)18 :C 67)(1)19 : D d?))



On the Performances of Checking XML Key and XFD Satisfactions 1259

We define some additional notation. 7¢ means a tree rooted at a node labeled
by the element name e. Given path e/ --/en, we use (v1 : e1). (Vo1 :
em—1).T°™ to mean the tree T° with its ancestor nodes in sequence, called the
prefized tree or the prefized format of T¢. Given path p = e1/-- /e, T® = (v :
1) (Um—1 t em—1).T°". (T?) is the set of all 7% and (T%) = {Ty’,---,T}}.
[(T%)| returns the number of T'% in (T'¥). Because P; = ;1 U -+ U 04y, We use
(T to mean all T%4s and T = T%: to mean one of T%#s. We use T% € T?
to mean that 7% is a sub tree of T%. Similarly, (T'F7) € T® means that all trees
TP are sub trees of T9.

We now give the formal definition of P-tuple.

Definition 5 (P-tuple). Given a path Q and a set of relative paths { Py, ..., P}
and a tree TQ. A P-tuple under T® is a sequence of pair-wise-close subtrees
(TP .. TP) where ‘pair-wise-close’ is defined next.

Let p; = e1/---/ex/ex+1/ --/em € Py and pj = e’l/---/e;c/egﬂ/---/e; € P
be two key paths for any P; and P;. Let prec(TH) = (vy = e1). - -.(vg : €x). (Vg1

eht1) - (Um t em) and prec(TH) = (v] s €}). . (v}, 2 €},)-(Vpy ¢ €fopq)- (V] :
er). TV and TYi are pair-wise-close if, for k=1,---,m, ey =€}, -+, ex, = €},
/ — oy . !/ . ! .
ek+1 7 € yq, then vy = vy, (Vktr @ ext1) and (vy,, : €}, ) are two nodes in the
same minimal hedge of ep1+1 and e§c+1 in B(ex). O

We denote F[P] = (T%---T%") called a P-tuple. A P-tuple F[P] is complete if
VT e (T9L - T9)(T% is complete)).

We noted in the introduction that our definition on key is for ordered XML
model. The P-tuple can capture the correct semantics of ordered XML by pro-
ducing the correct tuples. For example, in the Figll{b), under node vy, we do
not produce the P-tuples (7,,,7y,,) and (T,,.T,,,) for the paths ended with
elements C' and D.

We are now ready to define XML key satisfaction. We assume that the DTD
D always conforms to the XML document T

Definition 6 (XML Key Satisfaction). An XML tree T satisfies a key k(Q,
{Pi1,..., B}), denoted by T <k, if the followings are hold:

(i) If {Py,..., P} = ¢ ink, then T satisfies k iff there exists one and only one
T inT;
(ii) else,
(a) VTP € (T9) (exists at least one P-tuple in T®);
(b) YTC € (T?) (every P-tuple in T? is complete);
(c) YVTO € (T?) (every P-tuple in T? is value distinct);
(d) VT2, T2 € (TQ)( exists two P-tuples (T~ .Yy e TE A (T TP €
T AT T =, (T3 T3
= TlQ = TQQ) This requires that P-tuples under different selector nodes
must be distinct. |

Counsider the key k(root/A,{B,M/C,M/D}) on the DTD D in the Fig. {(a).
We already showed how to produce P-tuples for field paths B, M/C, M /D using
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minimal structure and minimal hedge. We see that P-tuples are complete and
value distinct in T;, and T),. Thus the key k is satisfied by the document 7" in
Fig(b).

We now extend our XML key definition to XML functional dependency.

Definition 7 (XML functional dependency). An XML functional depen-
dency over the XML DTD is defined as ®(S,P — Q) where S is a complete
path, P is a set of simple paths as {o1,---, i, - 1}, and Q is a simple path or
empty path. S is called the scope, P is called the LHS or determinant, and
Q is called the RHS or dependent. S/p; (i = 1---1) and S/Q are complete
paths. If Q = ¢, P(S, P — €) means that P determines S. An XFD following the
above definition is valid, denoted as & C D.

For example, consider an XFD &(root/A,{B,M/C} — M/D). root/A is the
scope, B, M/C are the determinant, and M/D is the dependent. The paths
root/A, root/A/B, root/A/M/C and root/A/M/D are the complete paths on
the DTD D in Fig[la). Consider another XFD &(root/A,{M/C,M/D} — ¢).
It implies that ®(root/A,{M/C,M/D} — A) where last(root/A) = A.

Before defining XFD satisfaction, we give some definitions and notation using
examples.

Counsider an XFD &(root/A,{B,M/C} — M/D) on the DTD D in Figll(a).
Here, root/A is the scope, B, M /C are the LHS paths(P paths) and M/D is the
RHS path(Q path). Now we need to produce PQ-tuples. So we take the paths in
LHS and RHS together B, M/C and M/D to find the minimal structure. Thus
the minimal structure is [B* x[M ™« E*]]. The minimal hedge is Ty, Ty, Tos Ty Lo
for node v1 and T, Ty, Th,, for node vo in Fig[i(b).

We already showed how to produce P-tuples in checking key satisfaction. We
now produce PQ-tuples(tuples for paths P and Q together). We note that the
paths M/C, M/D has common path M and thus we need to find the products
of the elements C' and D under each node of the element M. Then we need to
combine pair-wise values of C| D with B values. The PQ-tuples for node v, are
Fl[PQ] = <(’Ug :B: b].)(’l)u :C C].)('Ulg : D dél)>7 FQ[PQ] = <('U3 :B: b].)(’l)lg :
C: 2)(vi3 : D : d4)), F5[PQ] = ((va : B : b2)(v11 : C : cl)(v13 : D : d4)),
Fy[PQ] = ((va: B :02)(v12: C :cl)(v1g : D : d4)), F5[PQ] = ((vs : B : bl)(v14 :
C :3)(v15 : D : db)), Fs[PQ] = ((vs : B : b2)(v14 : C : 3)(v15 : D : db)). The
PQ-tuples for node vy are F7[PQ] = ((vs : B : b3)(vig : C : ¢2)(v17 : D : d6))
and F3[PQ] = ((vs : B : b3)(v1s : C : ¢T)(v19 : D : d7)). We say P-tuple F[P] for
paths P and Q-tuple F[Q)] for paths Q. For example, consider F}[PQ] = ((vs :
B :bl)(vyy : C:cl)(viz : D : d4)). So Fi[P] = (v3 : B : bl)(v11 : C : ¢l) and
Fl[Q] = (’Ulg : D d4)

Now we define XFD satisfaction.

Definition 8 (XFD satisfaction). Given a DTD D, an XML document T
satisfies the XML functional dependency ®(S, P — @), denoted as T < & if the
followings are held.

(a) If Q = ¢, then YF[P] € T®, F[P] is complete.

(b) Else
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(i) 3(F[P), F|Q)) € T® and F[P], F[Q] are complete.
(ii) For every pair of tuples Fy and Fy in T®, if F1[P] =, F3[P], then
F[Q] =, F»[Q].

Now consider the XFD ®(root/A,{B, M/C} — M/D). We have already shown
how to produce PQ-tuples for paths B, M/C, M/D. We see that all PQ-tuples
satisfy the conditions of the XFD satisfaction. So the XFD @ is satisfied by the
document 7" in Fig[l(b).

We have just finished the definitions of key and functional dependency for
XML. Now we give the experiments on checking both key and XFD. All exper-
iments are implemented in Java using a PC with Intel(R) Centrino Duo CPU
T2050 at 1.60GHz, 1.49GB RAM and Microsoft Windows XP.

3 Performance Analysis of P-Tuple Generation

In the previous section, we defined XML key and XFD satisfaction. XML key
satisfaction is based on distinctness of P-tuples while XFD satisfaction is based
on value equivalence of PQ-tuples. Here two types of tuples are involved. How-
ever, for simplicity, we use P-tuples for both types of tuples as the generation of
two types of tuples follows the same algorithm. As we mentioned before, check-
ing the satisfaction of XML keys and XFDs includes two parts. The first part is
the generation of P-tuples. The second part is to checking the distinctness or the
value equivalence of these P-tuples. We now present the algorithm for P-tuple
generation and analyze its performance. This algorithm will be used both in
XML key and XFD satisfaction checking.

3.1 Algorithm for P-Tuple Generation

In P-tuple generation, we accomplish two tasks: parsing the document and pair-
ing the values of elements to produce P-tuples while parsing. Here the term
pairing means the process of computing the product of relevant hedges. For ex-
ample, if the relevant hedges are H, = 111>, H, = T3T, and H, = T5Tg, pairing
produces the tuples (11, T3, T5), (T1, T3, T¢), (Th, T4, T5), (T1, Ta, T6), (T, T3, T5),
(T, T5,Ts), (T2, T4,T5), and (Ta,Ty,Ts). Product calculation itself is not diffi-
cult, but in the process of pairing, product calculation has to be combined with
parsing.

The subsection presents two algorithms. The algorithm [[ shows the parsing
and the algorithm[2lshows the pairing and P-tuple generation. In parsing, we first
find the nodes QN for the selector path. We then proceed to find the occurrences
of elements for fields paths in order of DTD under a selector node. Note that
paths in field of a key can appear as a set. But we order the paths of field of a
key according to the order of the elements of DTD that involve key(we omit this
process from the algorithm [l for simplicity). We keep track of the occurrences of
the elements which are the last elements of field paths so that the pairings can
be done to produce P-tuples.
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Data: An XML document 7', An XML key k(Q,{P1,---,Pn})
Result: A set of tuples,F = (171 ... 7Fn)
Let QN= all Q nodes in T'
foreach node in QN do
FIND TUPLES(node);

end

/ /procedure

FIND TUPLES(node)

{

if (all of Py, --, P, occurred with order and any pairing before) then
MAKE TUPLES(array Pi[],- -, (pairys]]),- -, array Pyl]);

end

foreach j=1 to n do
foreach k=j to n-1 do
Check any need to pair as PAIRING (array Pj[], array Pital]);
end
end
Store value for path P; to array P;[] according to the order of the fields and
keep track of order;

}
Algorithm 1. Parsing the document

We now give an example to show how the algorithms work. Consider the DTD
D in Figlll(a), the document T in Fig[l{b) conforming to the DTD D, and a valid
key k(root/A,{B,M/C,M/D, E}) on the DTD D. To check the satisfaction of
the key, we take the document 7' and the key k as input for algorithm [ to
produce P-tuples.

After finding the selector nodes v; and v, with node name A, we call the pro-
cedure FIND TUPLES(v1) to produce all P-tuples for node v;. In procedure
FIND TUPLES, we traverse all nodes under node v; and check the occur-
rences of nodes for last element of all fields with order. We see that the nodes
vs and vy are occurred for element B which is the last element of first field B.
After that we get nodes v11,v12 for C' which is the last element of second field
M/C and the node vy3 for D which is the last element of third field M/D. We
see that B and C appear two times. We term the multiple occurrences of C
as repeating structure in the document. When we advance, we encounter again
nodes v14 for C' and vy5 for D. The elements C, D appear multiple times and thus
(C, D) is a repeating structure as a group of elements. So we call the procedure
PAIRING for previous (C, D) values. Thus we get (v11 : C : ¢l)(v13 : D : d4),
(v12 : C : 2)(v13 : D : d4) and (vi4 : C : ¢3)(v15 : D : db5) as pair wise values
for (C, D). At last, we call the procedure MAKE TUPLES with B values, pair
wise (C, D) values and E values. In similar way, the P-tuples are generated for
the selector node vy. The P-tuples are shown in Fig[2l We note that we consider
only the #PCDAT A values in P-tuple omitting the node identifier v and node
label e because we use value comparison in key satisfaction.
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//procedure
PAIRING (array P:[),array Ps[])

{

foreach i=1 to sizeof(array P:[]) do
foreach j=1 to sizeof(array P,11[]) do

foreach k=1 to sizeof(array P[]) do
pairys[|[1]=array Pr[i];
pairys[|[2]=array Pria[j];

pairys[|[s — r]=array Ps[k];
end

end
end

}

/ /procedure
MAKE TUPLES(array Pi[],---, (pairys]), - -, array Py[])

{

foreach i=1 to sizeof(array Pi[]) do
foreach j=1 to sizeof(pair,s[|[]) do
foreach k=1 to sizeof(array P,[]) do
tupler..,[|[1] = array Pi[i];

tupler...n[|[r] = pairrs[7][1];
tupler....[|[s] = pairys[j][s — r];

tupler..,[|[n] = array P,[k];
end
end
end

}

Algorithm 2. Pairing of values for fields and generation of tuples

For non-repeating structure, the complexity is O(2n|e|) where n is the number
of fields and |e| is the average number of occurrences of an element in a hedge.
The cost of parsing is nle|. As we use breadth first search in traversing the
document, thus we need to traverse nle| element nodes. In this case, we assume
all element nodes are at the same level under a parent(context) node. The cost
of pairing is nle| for close elements in the hedge. This is because in each pair,
there is only one occurrence of each element.

For the repeating structure in the document, the complexity is O(n {/|e|+ )
where n is the number of fields and |e| is the average number of occurrences of
an element in a hedge. The cost n {/ le| is for parsing using breadth first search.
The cost |e] is for pairing because we do the production of elements.
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selector node P-tuple ' B ¢ D FE
V1 = ((b1) (cl) (d4) (el))
1 F, = ((bl) (c2) (d4) (el))
1 Fs = ((bl) (c3) (d5) (el))
v1 Fy = ((b2) (cl) (d4) (el))
1 Fs= ((b2)(c2)(d4) (el))
1 Fs = ((b2) (c3) (d5) (el))
V2 Fr= ((b3) (c2) (d6) (e2))
V2 Fs = ((b3) (c7) (d7) (e2))

Fig.2. Tuples for (B, (C, D), E)[last(B) = B,last(M/C) = C,last(M/D) = D and
last(E) = E]

3.2 Performance of P-Tuple Generation

First, we analyze the time of P-tuple generation. We take the DTD D in Fig[l}(a)
and we generate XML documents with different structures and different sizes. By
different structures, we mean repeating structure and non —repeating structure.
By repeating structure, we mean the multiple occurrences of elements in the
hedge and by non-repeating structure, we mean the single occurrence of the
elements in the hedge in the document. With single occurrence, an element or a
group of elements appears only once while with multiple occurrence, an element
or a group of elements appear more than one time in a hedge.

In the case of repeating structure, elements need to be combined from different
occurrences to form a P-tuple. For the same number of P-tuples, if the structure
is non-repeating, we need larger number of elements in the document, which
means larger document size. In contrast, if the structure is repeating, because
of production, a small document will make the number of tuples.

13
12
1 /.
10
9 //
< 8
3 7 —_ —e— Repeating structure
g 6 —a— Non-repeating structure
= 5
4
3
2
1
0 * * * *
200 300 400 500 600 700
No. of tuples(K)

Fig. 3. Tuple generation time when the number of fields is fixed to 4
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13
12
11 d
10
9
5 8 >~
& 7 —e— Repeating structure
T 5 -~ .
£ —a— Non-repeating structure
£ 5
4
3 <
2
1
0 ; > + +
0 1 2 3 4 5
No. of fields

Fig. 4. Tuple generation time when the number of tuples is fixed to 600K

In Figl3l we show P-tuple generation time where we fix the number of fields but
we vary the number of tuples. For the non-repeating structure in the document,
the time required for tuple generation is increasing linearly with the number of
tuples. But for the repeating structure in the document, the time required for
tuple generation is linear and nearly constant.

In Figll, we show P-tuple generation time where we fix the number of tuples
but we vary the number of fields in the key. The time required for tuple genera-
tion with non-repeating structure is increasing linearly to the number of fields.
But the time required for tuple generation with repeating structure is linear with
constant values from two fields. We observe that for one field, the time for tuple
generation either for non-repeating structure or for non-repeating structure is
the same.

4 Checking XML Key Satisfactions

In this section, we study the performances of checking key satisfaction.

In checking satisfaction of key, we take generated P-tuples and then apply
hashing techniques to find if all P-tuples are value distinct. In hashing, we use
Java Hashtable where each P-tuple is used as a Key in the hash table. In this
case, we take the P-tuples generated from the non-repeating structure of ele-
ments in the document because the time required for P-tuple generation for
non-repeating structure is higher that of repeating structure. We then use hash-
ing for checking whether the P-tuples are distinct.

In Fighl the time of checking key satisfaction which is actually the sum of the
tuple generation time and the hashing time is shown with fixed number of fields
but varying the number of tuples. The hashing time is linear with the number
of tuples but is increasing slightly because of the increasing number of tuples
to be checked in the hash table. We observe that the hashing time is smaller
that P-tuple generation time. We have already shown the tuple generation time
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@

—a— Tuple generation

Time(sec)
(2]

—a— Satisfaction(Tuple
generation and Hashing)
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200 300 400 500 600 700
No. of tuples(K)

Fig. 5. Satisfaction time when the number of fields is fixed to 4

—e—Hashing

—a— Tuple generation

Time(sec)
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generation and Hashing)

0 1
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No. of fields

Fig. 6. Satisfaction time when the number of tuples is fixed to 600K

which is linear in Fig[3] for the non-repeating structure of elements. Thus key
satisfaction time is also linear for fixed number of fields with varying number of
tuples.

In Figlll we show the time for key satisfaction checking for the fixed number
of tuples with varying number of fields in key. The hashing time is nearly linear
with the number of fields and the tuple generation time is also linear with the
number of fields. Thus the satisfaction time is also linear with the number of
fields.

5 Checking XML Functional Dependency Satisfactions

In this section, we study the checking of XML functional dependency (S, P —
Q) satisfaction. Like checking XML key satisfaction, there are also two important
tasks in checking XFD satisfaction. Firstly, we need to produce PQ-tuples for
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both the determinant P and the dependent ) together under the scope S. The
second task is to check if the values for any two P-tuples are value equivalent,
then their corresponding values for Q-tuples are also value equivalent.

5.1 PQ-Tuple Generation

We use the same algorithm used in P-tuple generation for XML key with slight
modification in getting values for the paths P and Q. For XML keys, we take
the string values for key paths but in XFD, we use tree structured values for
paths. This is because in XML keys, we take the paths which are ended with
type Str in field P, but in XFD, paths in P or @ may not be ended with type
Str. For PQ-tuple generation in XFD satisfaction, we use paths { P, Q} together
because the we want close pair values for both determinant P and dependent
Q. We show values of PQ-tuples for an XFD &(root/A,{B,M/C,M/D} — E)
in Fig. [d

scope PQ —tuple F[PQ] ©1=B  p2=M/C p3=M/D Q=F

V1 Fl[PQ] = <(U3 : B bl) (Ull : C : C].) (’013 D d4) (’07 B 61)>
vy E[PQ] = ((vs : B:b1) (v12: C : 2) (viz : D : d4) (v7: E:el))
vy F5[PQ] = ((vs : B:b1) (v1a : C : ¢3) (v1i5 : D : db) (v7: E:el))
U1 F4[PQ] = <(U4 : B b2) (Ull : C : C].) (’013 D d4) (’07 B 61)>
vy F5[PQ] = ((va : B:b2) (vi2: C : ¢2) (viz: D : d4) (v7: E:el))
vy Fs[PQ] = ((va : B:b2) (v1a : C : ¢3) (vi5 : D : db) (v7: E:el))
V2 F7[PQ] = <(U8 : B b3) (U16 : C : (32) (’017 D d6) (Ulo B 62)>
V2 F3[PQ] = ((vs : B:03) (vig : C : ¢T) (vig : D : d7) (vio : E : €2))
Fig. 7. PQ-tuples for paths in P and Q
5.2 Hashing

We use Java Hashtable in checking XFD satisfaction. From a PQ-tuple, we use
value for paths in LHS(P) as Key and value for paths in RHS(Q) as correspond-
ing Value of Key in Hashtable. In checking XFD satisfaction using hash, we
check that if two Keys are with same values, then their corresponding Values
are also the same in hash table.

5.3 Experiments on XFD Satisfaction

We now give the performance of checking XFD satisfaction. In checking XFD
satisfaction, like XML key checking, we take the PQ-tuple generation time for
non-repeating structure of the document because the time required for P-tuple
generation for non-repeating structure is much higher than that of repeating
structure.

In first experiment, we take an XFD &(root/A,{B,M/C,M/D} — E) on
the DTD D in Figll(a) with three paths in LHS and one path in RHS fixed
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and vary the tuple size. As we take fixed number of paths in LHS and RHS,
so for PQ-tuple generation, we fix the number of paths (B, M/C,M/D, E). In
FiglRl we give the results of XFD satisfaction. The P-tuple generation time is
increasing and linear with the increasing number of tuples. The hashing time is
slightly increasing and linear. Thus the satisfaction time is also increasing and
linear.

In the second experiment, we take XFD with varying number of paths in LHS
but keeping RHS fixed. The XFDs are @(root/A,{B} — M/C), ®(root/A,{B,
M/C} — M/D) and &(root/A,{B,M/C,M/D} — E) on the DTD D in
Figlll(a). We also keep the number of tuples fixed to 500K. The result is shown
in Figldl The PQ-tuple generation time is increasing because the number of
paths is increased. However, the tuple generation time is linear. The hashing
time is slightly increasing and this is because of Java hashtable management.
The hashing time is also linear and thus the satisfaction time is also linear.

16

14

12 2

///:/./ —e—Hashing
E‘IO :»/./
% 8 —=—Tuple generation
E
F 64 —a— Satisfaction(Tuple generation
and Hashing)

4

2 - o———+——*

0 T T T

200 300 400 500 600
No. of tuples(K)

Fig. 8. Satisfaction time when the number of paths in LHS is fixed to 3

16

14 4

127 —e—Hashing
510 1
ﬁ —a— Tuple generation
o 81
£
- 6 —a— Satisfaction(Tuple generation

and Hashing)

4

2 /__,

0 ¢ T T

0 1 2 3 4
No. of pathsin LHS

Fig. 9. Satisfaction time when the number of tuples is fixed to 500K
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Fig. 10. Satisfaction time when the number of tuples is fixed to 600K

In third experiment, we fix the number of tuples but we vary the number of
XFDs to be checked. We first take two XFDS, &(root/A,{B,M/C,M/D} — E)
and P(root/A,{B,M/C} — {M/D, E}). We add &(root/A,{B,M/C} — M/D)
with two XFDs to make three XFDs. Then we add &(root/A, {B} — M/D) with
three XFDs to make four XFDs. We generate the PQ-tuples for paths (B, M/C, M/
D, E) only once and then take PQ-tuples for hashing in checking different number
of XFDs. For each XFD checking, we use one hash table. We show the experiment
in Fig[IO where PQ-tuple generation is constant for different number of XFDs as
we take same number of paths for PQ-tuple generation for fixed number of tuples.
The hashing time is increasing with the number of XFDs to be checked and it is lin-
ear. Thus the satisfaction time is also increasing in accordance with the increasing
hashing time but it is linear.

6 Conclusions

We showed the implementation of checking XML key and functional dependency.
In implementation, we consider a novel technique in generating tuples using
pairwise values for ordered XML documents. The experiments showed that XML
key can be checked in linear time with the number of tuples and the number
of fields in the key. Also, XML functional dependency can be checked in linear
time with the number of tuples, the number of fields and the number of XFDs.
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