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1 Introduction
The Web is explored by many users, but only a few of them have experience in
using query languages. Thus, one of the greatest challenges, provided by XML,
is to create a query language simple enough for the naive user. In this paper, we
present EquiX|a powerful and easy to use query language for XML. The main
goal in designing EquiX is to strike the right balance between expressive power
and simplicity.
EquiX has a form-based GUI that is constructed automatically from the DTDs
of XML documents. Query forms are built from well known HTML primitives.
The result of a query in EquiX is a collection of XML documents, and it is automatically generated from the query without explicit speci cation of the format of
the result. Knowledge of XML syntax is not required in order to use EquiX. Yet,
EquiX is able to express rather complicated queries, containing quanti cation,
negation and aggregation.
We present the data model in Section 2. In Sections 3, and 4 we introduce
the query language syntax, and semantics. Automatic generation of query results
is discussed in Section 6. In Section 7, we review related work and conclude.

2 Data Model
We de ne a data model for querying XML documents [BPSM98]. We view a
DTD as a scheme describing a set of XML documents conforming to it. Thus,
we expect all XML documents that conform to a given DTD to have a somewhat
similar structure.
We assume that each DTD has a designated element, called the root element
of the DTD. We say that an XML document, x, matches a DTD, d, if x conforms
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to d, and the root element of d is the outermost element of x. Given a DTD,
without a root, which speci es elements e1; : : :; en, we can create a DTD with the
root element \root" by adding <! ELEMENT root (e1 e2 : : : en) >. Thus, we
can assume, without loss of generality, that all DTDs have a root element. Below
we give an example of a DTD with a root. This DTD is used in the sequel.
j

<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT

j

j



root
(course+)>
course
(name, teacher, time+)>
teacher
(name)>
time
(day, start_hour, finish_hour)>
day
(#PCDATA)>
start_hour (#PCDATA)>
finish_hour (#PCDATA)>
name
(#PCDATA)>

We de ne the notion of a database of XML documents. It contains lists
of XML documents matching given DTDs. Intuitively, this is similar to the
relational model, where a database contains lists of tuples conforming to given
relation schemes. We formalize this intuition below.

De nition 2.1 (Catalog) A catalog is a triple, < d; id; X >, where d is a
DTD, id is a unique identi er of d, and X is a set of XML documents, each of
which matches d.

A database is a set of catalogs. This data model is natural and has useful
characteristics. We have assumed that each XML document conforms to at least
one DTD. This is a common assumption (see [PV99]) and it implies that the
data is of a partially known structure. This knowledge will help in eciently
computing queries. In addition, since the basic structure of documents is known,
we can display this information for the bene t of the user. Thus, the task of
retrieving the information within the database does not require a preliminary
step of querying the database to discover its structure.
An XML document, when parsed, can be viewed as a tree1. We formalize
this below. We rst present an auxiliary de nition of a labeled rooted tree. We
assume that is a set of labels .
L

De nition 2.2 (Labeled Rooted Tree) A labeled rooted tree is a tuple G =
(N; E; r; l), where
N is a set of nodes;
E N N is a set of directed edges that form a tree;
r is the root of the tree, i.e., every node in N is reachable from r;









1 In general, a document may be a graph, and not a tree, as a result of ID and IDREF
attributes. However, we view documents as trees since we can express the graph structure in a
query using several forms and internode constraints.

2



l:N

! L is a labeling function that associates a label in
non-terminal node.

L

with each

De nition 2.3 (Document Tree) Let d be an XML document and let G =

(N; E; r; l) be a labeled rooted tree. Suppose that is a terminal mapping, i.e.,
maps terminal nodes to atomic values and to attribute values appearing as data
in d, and l maps non-terminal nodes to element and attribute names appearing
in d. Then D = (G; ) is the document tree of d if G is the parse tree of d and
associates terminal nodes of G with the data they represent in d.

3 Query Syntax
We present the syntax of EquiX. EquiX is based on query forms generated by
HTML. An EquiX query form is created by interactively exploring given DTDs.
The user lls in text elds to specify constraints in a QBE-like style. In addition,
the user speci es quanti cation of elements in the query and chooses elements to
appear in the output. Intuitively, the user creates an \example" of the document
that she is searching for, and EquiX nds all the documents that match this
example. In Figure 1, we present an EquiX query, built from the DTD presented
earlier. The query computes the courses not taught by Dr. Jekyll.

Figure 1: EquiX Query

3.1 Exploring DTDs

The user chooses a catalog from the database that holds the documents that she is
interested in querying. The DTD of the catalog is explored to create a \template"
of the document that is being searched for. In the beginning, the root element is
displayed. The user opens a given element by clicking it, and EquiX displays the
3

attributes and elements de ned within the given element. Indentation is used to
show the nesting of elements. Some elements may be opened in several ways. For
example, an element may be de ned as a choice between several elements or as an
optional element. In such cases, EquiX allows the user to decide how the element
should be opened. If, in a DTD, an element is de ned as appearing any number
of times, the user can choose how many times the element should appear in the
query (the button \add" shown in Figure 1 is used for that purpose). Attributes
or elements de ned as PCDATA, called terminal elements, appear on the screen
with a text eld. This allows the user to enter constraints on the data. Note that
in Figure 1 the DTD is partially explored (i.e., some elements are opened).
After exploring the DTD, the output is de ned by choosing elements to be
projected. Projected elements are marked by adding the printing sign, Pr, to their
names. The result document is automatically created by the query evaluation
process.

3.2 Constraining Attributes and Terminal Elements

Attributes and elements de ned as PCDATA are constrained in text elds. Text
elds may contain conditions, variable de nitions, and aggregate functions. A
variable is denoted by the $ sign, followed by a sequence of alphanumeric characters, e.g., $x. A constant is a word, a quoted phrase, or an alphanumeric pre x
followed by the wild card symbol . The wild card stands for any alphanumeric
sux.
An atomic condition is t, where t is either a variable or a constant and 
is one of <; >; ; ; =; = . A condition is an atomic condition or a boolean
expression (i.e., conjunction, disjunction, negation) of conditions. Comparisons
are interpreted as numerical comparisons if t is a number (or is bound to a
number), and as comparisons with respect to lexicographical ordering if t is a
string. In addition, we interpret equality as substring matching. Note that there
are no known types in XML documents. Thus, if a numerical comparison is
performed against string data, the result will always be false.
We allow the following aggregation functions in a query: count, sum, max,
min, and avg. To apply an aggregation function to an attribute or a terminal
element, the user simply types the function name in the corresponding text eld.
The argument of the function is the element in which the function is de ned. The
semantics of aggregation, e.g., the grouping elements, is discussed in Section 5.
EquiX ignores data that violate the type constraint imposed by the aggregation
function.
The aggregation function max (min) enables the user to nd the maximal
(minimal) value of an element e. However, it does not allow the user to easily
nd the values of another element e for which e gets its maximal (minimal)
value. For example, given a database containing student names and grades, the
maximal grade can be found using the max function. However, it is dicult to
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nd the name of the student that received the maximal grade. When querying
in SQL, in order to retrieve this type of information, it is necessary to use nested
queries. This is not intuitive and is dicult for a naive user. Therefore, we have
included in EquiX two aggregation constraints, denoted maxc and minc. Typing
an aggregation constraint in a eld, constrains the eld to its maximal or minimal
value. Thus the e ect of a nested query is acheived easily.

3.3 Constraining Non-Terminal Elements

Non-terminal elements are quanti ed. In addition they may also be aggregated
with the count function. There are four quanti ers in EquiX, namely, One Is,
None Is, All Are, Not All Are|a user friendly way of expressing , , and
. Quanti cation is speci ed in a selection box located at the left of element
names. The count function is activated similarly. Note that we only allow the
count function on elements. All other aggregation functions are applied to atomic
values, and non-terminal elements do not have atomic data associated with them.
9
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4 Query Semantics
We translate query forms to trees to de ne the semantics of queries. We de ne a
query tree below.

De nition 4.1 (Query Tree) A query tree is a tuple Q = (G; cond ; quant; agg ; P ),
such that G = (N; E; r; l) is a labeled rooted tree, where:
 cond is a mapping of terminal nodes to conditions;
 quant maps each edge to a quanti er in f9; 8; :9; :8g;
 agg is a partial mapping of nodes to aggregation functions in fcount, sum,
avg, max, ming or to aggregation constraints in fminc, maxcg;
 P  N is the set of projected nodes of the query.

A query form is translated to a query tree in the obvious manner. Thus,
the structure of the form (i.e., the hierarchy of elements and attributes) implies
the structure of the query tree. The conditions in the form are represented by
the function cond, and the projected elements of the form are represented by
P . Note that for terminal nodes that are not constrained in the form, cond is
de ned as true. Quanti cation and aggregation of elements are represented by
the mappings quant and agg, respectively. Each edge in the query tree is mapped
by quant to one of the quanti ers.
In the general case, a query may be created from several forms, thus producing
several query trees. We reduce the problem of querying using several query trees
to querying using a single tree. Suppose that the user creates a query from k query
5

forms, deriving trees Q1; : : :; Qk . Suppose that the root of Qi is ri . We create a
new query tree Q whose root is de ned as <!ELEMENT r (r1; : : :; rk ) >. This
root is a virtual root since it does not actually appear in any DTD. We create a set
of XML documents to be queried in the following way. For each set of documents
D1; : : : ; Dk , such that Di is a document in the catalog of the DTD of Qi, we
create a document D that has r as a root and ri as children of r. Thus, instead
of evaluating Q1; : : :; Qk on D1; : : : ; Dk , we can evaluate Q on D. Therefore, we
assume in the sequel that a query always yields a single query tree.
We consider the similarities between query trees and SQL queries. Query
forms are derived from the catalogs of a database. Thus, the documents in the
chosen catalog represent the FROM clause. We can view cond as representing
the WHERE clause of the query, since it imposes conditions on the values of
XML documents. If quant maps all edges to , then the query tree represents a
SELECT-FROM-WHERE query. But when other quanti ers are used, one would
have to use nested queries in order to express the same query in SQL. The usage
of quanti ers in EquiX query forms makes it much easier to express complex
queries in EquiX than in SQL. In SQL, projected attributes and aggregation
functions are expressed in the SELECT clause. In our formalism, aggregation is
represented by the mapping agg, and the nodes that are included in the result
are represented by P .
In this section we present the semantics of an EquiX query. To simplify we assume that there are no aggregation functions, aggregation constraints or variables
in the query. We discuss an appropriate extension for aggregation functions and
constraints in Section 5. Variables are necessary for internode constaints. Thus,
variables are required in order to constrain two nodes to have the same value.
However, when comparing a single node to a constant, constants are not necessary. Extending the semantics to deal with variables involves some subtle problems. First, when using variables in a query, where do they get their bindings?
Second, how do the quanti cations e ect the meaning of a query with variables?
To solve the rst problem, EquiX requires the user to specify one node in the
query where a given variable gets its bindings. In all other nodes, the variable
may be used as part of a constraint. We have also solved the second problem
by appropriately extending the semantics presented in this section. However, we
will not present this extension here for lack of space.
When describing the semantics of a query in a relational database language,
such as SQL or Datalog, the term matching can be used. The result of evaluating
a query are all the tuples that match the schemas mentioned in the query and
satisfy the constraints. We describe the semantics of an EquiX query in a similar
fashion. We rst present an auxillary de nition.
We can divide the nodes in a query tree into two di erent classes. A node n
is a negative node if the path from the root to n has an odd number of negated
quanti ers. (i.e., , or ). Otherwise, n is a positive node. Note that negation
in a query adds implicit \or"s to the query. If we were to push the negations
9
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in the quanti ers down the tree, we would derive an and-or tree. Intuitively,
negative nodes correspond to \or" nodes and positive nodes correspond to \and"
nodes. Thus, beneath a negative node we must satisfy at least one child, while
beneath a positive node we must satisfy all children. We de ne a set of support
for a query Q to be a set of nodes that must be satis ed in order to satisfy Q.
Observe that a given query may have many di erent sets of support.

De nition 4.2 (Set of Support) Consider the query tree Q with nodes NQ

and root rQ. We say that S  NQ is a set of support in Q if the following holds:
1. rQ 2 S ;
2. if n 2 S , then p(n) 2 S , where p(n) denotes the parent of n;
3. if n 2 S is a positive node, then all the children of n are in S ;
4. if n 2 S is a negative node, then at least one child of n is in S .
We say that n is a node of support if n is in S .

Note that Condition 1 insures that the root is a node of support, i.e. it must
be satis ed. Condition 2 insures that the set of nodes has a tree-like structure.
Condition 3 insures that beneath positive nodes (\and" nodes) all children must
be satis ed, and Condition 4 insures that beneath negative nodes (\or" nodes)
at least one child must be satis ed.
Consider an edge (n; m) with quanti er quant(n; m) in a query. If m is a
positive node, then in order to satisfy m, we must satisfy quant(n; m). However,
observe that if m is a negative node, then satisfying m actually entails satisfying
the quanti cation quant(n; m). Thus, we say that the virtual quanti er of an
edge (n; m), denoted vquant(n; m), is quant(n; m) if m is a positive node and
quant(n; m) if m is a negative node.
:

:

De nition 4.3 (Matching) Let D = (GD ; ) be a document tree, with GD =
(ND ; ED ; rD ; lD), and let Q = (GQ; cond ; quant; agg ; P ) be a query tree, with
GQ = (NQ; EQ; rQ; lQ). Suppose that is a set of support of Q. Suppose that 
is a function  : NQ 2ND , such that the following hold
1. (rQ) = rD ;
2. if n (n), then lD (n ) = lQ(n);
3. if n (n), then p(n ) (p(n));
4. if (n; m) EQ, n (n), and m , then the following holds:
if vquant(n; m)
; , then (m) contains exactly one child of n .
S
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if vquant(n; m) 2 f8; :9g then (m) contains all the children of n .
Then  is a matching of D to Q w.r.t. (with respect to) S .
0
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Note that Condition 1 requires that the root of the document is matched to the
root of the query, Condition 2 insures that matching nodes have the same label,
and Condition 3 requires matchings to have a tree-like structure. Condition 4
compels  to satisfy the quanti cation constraints of the query for all the nodes
in the set of support .
We now de ne when a matching satis es a document. As in the relational
case, this will enable us to describe the result of evaluating EquiX queries. We
rst present an auxillary de nition of the satisfaction of a node of a document
tree with respect to a matching and a query. This de nition is recursive on the
structure of the query.
S

De nition 4.4 (Satisfaction of a Node) Let D be a document tree with nodes

ND and terminal mapping . Let Q be a query tree with nodes NQ, quanti cation
quant, and conditions cond. Let be a set of support and let  be a matching of
D to Q w.r.t. . Suppose that n (n) for some n ND and n . We say
that n satis es n w.r.t. , denoted n =; n, if the following conditions hold:
if n is a terminal node, then cond(n) is true with respect to (n );
if n is an internal node, then for each child m of n, such that m , the
S
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following holds:
1. if quant(n; m) 2 f9; 8g, then for all m 2 (m) it holds that m j=;
m;
2. if quant(n; m) 2 f:9; :8g, then for all m 2 (m) it holds that
m 6j=; m;
0

0

S

0

0

S

De nition 4.5 (Satisfying Matching) Consider a document tree D with root

rD , and query tree Q with root rQ. Let  be a matching of D to Q w.r.t. .
Then  is a satisfying matching, denoted D =; Q if  is a matching, such that
rD =; rQ.
Recall that a query is created by exploring a DTD that relates to a catalog.
This catalog has a list of XML documents associated with it in the database.
Having now de ned when a matching sats es a query, we specify the output of
evaluating a query on an XML document. The result of evaluating a query will
be the ouptut of evaluating the query on each document in the queried catalog.
For a given document, query processing can be viewed as a process of singling out the nodes of the document tree that will be part of the output. Thus,
intuitively, the result of evaluating a query on a document is a subtree of the document. Given a query and document tree, it is only necessary to specify which
nodes of the document tree are marked , i.e., appear in the output.
Consider a document D with nodes ND and a query Q with projected nodes
PQ. Let be the set of all pairs of a satisfying mapping  and a set of support
of Q, such that D =; Q. Formally, := (; ) D =; Q . We consider
two options for marking nodes of D.
S
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Association Marking Intuitively, we mark all the nodes in the document
that are associated with a marked node in the query (i.e., a node in P ) by a
satisfying matching. This is similar to nding the output of an SQL query, since
all elements that match the query and are included in the projection appear in
the result. Formally, we de ne the set of nodes marked in the following way:
AM(Q; D) = n ND ( )( )( n)((; )
n P n (n))
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Witness Marking Once again we mark nodes in the document that are asso-

ciated with a marked node in the query by a satisfying matching. However, we
restrict ourselves to marking only such nodes that \bear witness" to the satisfaction of the query. Recall that negation in a query can create an implicit \or."
Thus, some nodes bear witness to the satisfaction of the \or" (i.e., those in the
set of support) while others do not. We only mark the nodes of the rst type.
This option is more intuitive for a naive user, since only values that satisfy the
query will appear in the result. Thus, the set of nodes marked is de ned as:
WM(Q; D) = n ND ( )( )( n)((; )
n P n
(n) n )
We now de ne the association-marking result tree RAM (Q; D) of evaluating a
query Q on an XML document D. A witness-marking result tree RWM (Q; D) can
be de ned similarly.
De nition 4.6 (Association-Marking Result Tree) Let D = (GD ; D ) be
a document tree, where GD = (ND ; ED ; rD ; lD ), and let Q be a query. The
association-marking result tree of evaluating Q on D is the document tree
RAM (Q; D) = (GR; R), where GR = (NR; ER; rR; lR) and the following hold:
f
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NR := AM(Q; D) descendants(AM(Q; D)) ancestors(AM(Q; D));
rR = rD ;
ER, lR, and R are ED , lD , and D , respectively, restricted to NR.
Note that descendants(N ) is the set of descendants of N and ancestors(N )
is the set of ancestors of N . We add the set of descendents to insure that there
is actual information (i.e., PCDATA) in the result. Adding the set of ancestors
insures that the result is a rooted tree, and thus, is in the same data model as
the input. We say that R is a result tree if R is an association-marking result
tree or a witness-marking result tree. For queries without negation, associationmarking result trees and witness-marking result trees are always identical, as the
proposition below claims.
Proposition 4.7 Let Q be a query tree and D be a document tree. Suppose
that Q does not contain any edges quanti ed by a negated quanti er. Then
RAM (Q; D) = RWM (Q; D).


[

[




9

5 Query Evaluation
We present an algorithm for evaluating a query on a document. To simplify, we
assume that the query contains neither variables nor aggregation. It is straightforward to extend our algorithm to deal with variables and aggregation. The
algorithm presented computes the witness marking of a given document with
respect to a given query. The association marking of a document tree can be
computed similarly by making appropriate modi cations to the algorithm.
It would seem that computing a witness marking should be computationally
expensive. There is an exponential number of sets of support and an exponential
number of matchings. Thus, it would seem dicult to nd a polynomial algorithm for this problem (where both the query and the database are considered
as the input). Quanti ers in the query add an additional source of complexity
to the query processing. Roughly speaking, however, query evaluation in this
case is analogous to evaluating a rst-order query that can be written using only
two variables. Therefore, using dynamic programming we can in fact derive an
algorithm that runs in polynomial time, even when the query is considered part
of the input (i.e., combined complexity).
In Figure 2 we present a polynomial algorithm for computing the witness
marking of a document, given a query. This algorithm uses the procedure shown
in Figure 3 in order to check if a document node satis es a query node. Note that
path(n) is the sequence of element names on the path from the root of the query
to n. The predicate pos(n) is true if n is a positive node and is false otherwise.
Note also that sat array is an array of size NQ ND of boolean values, where NQ
are the nodes in the query and ND are the nodes in the document. The value in
sat array[n,n ] will be true if n satis es n for some pair of a matching and a set of
support. Observe that in Figure 2 we order the nodes by descending depth. This
insures that when Satis es(n ,n,sat array) is called, the array sat array is already
updated for all the children of n and n. The algorithm Witness Marking does not
explicitly create any matchings or sets of support. However, the following the
following lemma holds.
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Lemma 5.1 Let Q be a query tree with projected nodes P and let D be a docu-

ment tree. A node n in the document tree is returned by Witness Marking if and
only if there is a set of support S , a matching , and a query node n, such that
the following hold:
0






n P , i.e., n is a projected node in the query;
n (n), i.e., n is associatd with n in the matching;
n , i.e., n is a node of support;
D =; Q, i.e., D satis es Q w.r.t.  and .
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Algorithm
Input

Witness Marking

A document tree D = (GD ; ) s.t. GD = (ND ; ED ; rD ; lD),
A query tree Q = (GQ; cond; quant; agg ; P )
s.t. GQ = (NQ; EQ; rQ; lQ).
WM(Q; D), i.e., the set of nodes in the witness marking

Output

Queue := ND , ordered by descending depth
WM :=
Initialize sat array to false
While Queue= do
n := Dequeue(Queue)
For all n NQ such that path(n) = path(n ) do
sat array[n,n ]:= Satis es(n,n ,sat array)
If (sat array[n,n ] and n P ) then WM := WM
While there are changes in WM do
For all n WM, s.t. n is not the root do
If there does not exist an n NQ such that
sat array[n,n ] and sat array[p(n),p(n )]
then WM := WM n
Return WM
;

6

;
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Figure 2: Witness Marking Evaluation Algorithm

Theorem 5.2 Given a query tree Q with nodes NQ and a document tree D with

nodes ND , the result of Witness Marking(Q,D) is equal to WM(Q; D). In addition, Witness Marking runs in time O(jNQ j  jND j2).

As stated above, Witness Marking can be generalized to deal with variables
and aggregation. Note that in the general case, query evaluation is polynomial
only if we assume that the query is xed (i.e., data complexity). Adding aggregation alone does not e ect the complexity of the computation. Thus, a query
without variables and with aggregation can still be computed in polynomial time.
Note that when computing a query with aggregation, the grouping variables (i.e.,
elements) must be de ned. To simplify this process for the user, EquiX groups
according to the lowest element, above the aggregation function, that was projected by the user. This is a natural choice for grouping, since it takes advantage
of the tree structure of the document, and thus suggests a polynomial algorithm.
In the result of a query with aggregation, an edge with the aggregation value is
added to the grouping element.
11

Procedure
Input

Satis es(n,n ,sat array)
0

A query node n
A document node n
A partially lled array sat array such that sat array[m,m ]
is true if m satis es m
true if n satis es n and false otherwise
0

0

Output

0

0

If n is a terminal node then
status := the value of cond(n) with respect to (n )
Else
Let M be the set of children of n in Q;
For each m M do:
Let M be the set of children, m , of n in D
such that lD(m) = lQ(m )
Switch quant((n; m)): W
0

2

0

0

0

0

: statusm :=
: statusm :=
: statusm :=
: statusm :=
statusm
9

8

:9

array[m,m ]
Vm M sat
sat
array[m,m ]
m M
W
(Vm M sat array[m,m ])
( m M sat array[m,m ])

:

02

0

02

0

02

0

0

status := Vm M
If (pos(n) and status) Return true
Else If (not pos(n) and not status) Return true
:8

2

:

0

2

0

0

0
0

Else Return false

Figure 3: Satisfaction of a Node Procedure

6 Creating Query Results
The result of an EquiX query is a catalog. In this section we de ne the XML
documents and the DTDs that are the result of query processing. We do not
require the user de ne explicity the structure of the result. Thus, querying is
made easier.
When applying a query Q to an XML document D, a result tree R is created.
The result tree is actually a document tree created by projecting out some of the
nodes from the document. Thus, the resulting document is an XML document
whose parse tree is R. Note that we create the resulting document while retaining
the structure of the original document with respect to the elements projected
onto. Queries are applied to several documents, and thus, a set of documents is
created.
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We now consider the problem of creating a DTD for the resulting catalog,
called a result DTD. A result DTD is a DTD to which all resulting documents
conform. This DTD is based on the de nitions in the original DTD, i.e., the DTD
from which the query was created. The result DTD must contain a de nition for
all elements that might appear in the result. Consider a document D and query
Q with the labeling function lQ and the set of projected nodes P . The elements
that may appear in the result are either labels of each node n in D that satis es
a node n in P or labels of ancestors or descendants of node n . We can nd these
elements in two steps.
We rst extend P to include all the ancestors and descendants of P in Q. We
call this extension P +. Clearly all the elements that are labels of nodes in P +
must be de ned in the result DTD.
Consider a node n that corresponds to a node n in the query. Note that
while the ancestors n correspond to nodes in the query, some of the descendants
may not. This follows since the result tree contains all the descendents of marked
nodes in the document tree, even if Q is not be explored to the full depth of
the document. Thus, our second step is to nd the labels (i.e., element names)
of these nodes. This can be done by recursively examining the original DTD in
the following fashion. We say that an element e is a descendant of an element
e in a given DTD if e appears in the content de nition of e, or if e appears in
the content de nition of an element e that is a descendent of e. (The content
de nition of an element e is ' if e is de ned as <!ELEMENT e ' >.) Thus,
the element names of the descendents of n are the descendents of lQ(n) in the
original DTD.
We can now formally describe the set of elements that must be de ned in
the result DTD. This set is actually the union of two sets that we de ne as:
1 := e ( n)(lQ(n) = e n P + ) , i.e., the labels of nodes projected, or
their ancestors and descendants in Q;
e descendants(lQ(n))) , i.e., the labels of descen2 := e ( n)(n P
dents according to the original DTD.
Then the set of elements that must be de ned in the result DTD is := 1 2.
We must also de ne the attributes appearing in the result DTD. These attributes are exactly those in the original DTD, but all attributes are de ned as
#IMPLIED. For elements for which an aggregation value is de ned in the result
tree, we add an attribute with this value. We add the aggregate value as an
attribute, since the aggregation value can be seen as a property of the grouping
element.
We present an algorithm for creating the content de nition of an element
e
. Intuitively, any elements that will not appear in the result tree of a
query must be removed from the original DTD in order to form the result DTD.
Quanti cation in a query can also e ect the result DTD. Recall that beneath
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negative nodes it is sucient to satisfy only one child. However, we have no a
priori knowledge which child will be satis ed, and thus, marked. Therefore, we
must relax the original DTD to t the result.
The algorithm for creating result content de nitions is presented in Figure 4.
This algorithm uses the apreocedure presented in Figure 5 in order to simplify
the content de nition it creates. The actual result DTD is created by gathering
the content de nitions for all e
and adding the attribute de nitions. It is
easy to see that the algorithm in fact produces a DTD appropriate for the result
and that it runs in polynomial time.
Theorem 6.1 Consider a query Q formed from a DTD and a document D.
Let R be the result tree created by evaluating Q on D. Let be the result DTD
formed by the process described above. Then R conforms to and the process of
formulating is polynomial in the size of Q and .
2 E

T

T

T

T

0

0

0

T

Algorithm Create DTD De nition
Input
An element e
2 E

Output

The extended set P + of projected nodes
The original DTD
The de nition of e in the result DTD
T

/* Let ' denote the content de nition of e in */
If e 2 then Content := '
Else Content := 
For all nodes n P + with label e, (i.e., with l(n) = e) do
'n := '
If n is not a leaf then
For all elements ei in ' do
If there is a child of n in P + with the label ei then
Replace all occurrences of ei in 'n with ei?
T

2 E

2

Else

Replace all occurrences of ei in 'n with 
Content := Content 'n
If Simplify(Content) =  then
Return <!ELEMENT e EMPTY >
Else Return <!ELEMENT e Simplify(Content) >.
j

Figure 4: DTD De nition Generation Algorithm
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Procedure Simplify(')
Input
Content de nition '
Output Simpli ed content de nition of '
While there is a change in '
Apply the following rules to ' or its subexpressions
1.
2.
3.
4.

(t; )
(; t)
(t )
( t)

t
t
t?
t?

)
)

j

)

j

)

5. ()?
6. ()
7. ()+

)



)
)





Figure 5: De nition Simplifying Algorithm
We say that a result DTD is tight ([PV99]) if there does not exists a result
DTD , such that the set of documents conforming to is properly contained in
the set of documents conforming to . Clearly, tightness is a desirable property,
since a tighter result DTD describes more precisely the resulting documents. Our
algorithm does not necessarily create a tight result DTD. However, we show that
there are queries and DTDs for which a tight result DTD must be exponential in
the size of the original DTD.
Theorem 6.2 There is a query Q derived from a DTD , such that if is a
tight result DTD of Q, then is of size O( !).
Proof. Consider a DTD containing the following de nition:
<!ELEMENT r (a1; : : :; ak ) >
We create a query tree with root r and children a1; : : :; ak . Suppose that all the
nodes ai are projected onto and all the edges in the tree (i.e., those from r to ai)
are existentially quanti ed. In all result documents the elements ai must appear.
However, they can appear in any order. Thus, a tight result DTD must consider
k! di erent orderings of the elements, proving the claim.
Note that our algorithm will produce a compact result DTD for the example
in the proof. The content de nition of r will be <!ELEMENT r (a1?; : : :; ak ?)
>. Observe that an exponential blowup of the original DTD is undesirable for
two reasons. First, creating such a DTD is intractable. Second, if the result DTD
is of exponential size, then it is dicult for a user to re-query previous results.
Thus, our algorithm for creating result DTDs actually returns a convenient DTD,
although it is not always tight.
T
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7 Conclusion and Related Work
In de ning EquiX, we created an easy to use query language. We de ned a
form-based language, since in our experience, lling forms is the easiest interface
for naive users. In addition, EquiX automatically creates result documents from
queries, without user intervention. EquiX also creates automatically a DTD
for the result documents. Since specifying the structure of the result is not
an easy task, this is another advantage of EquiX for naive users. EquiX is a
simple, yet powerful query language, that allows aggregation, quanti cation and
negation. The results created t the data model. Thus, iterative querying is
possible ([GW98]). A large class of EquiX queries can be computed in polynomial
time, even when the query is considered part of the input. Thus, querying with
EquiX is an ecient process.
Most XML query languages proposed thus far (e.g., XML-QL [DFF+98],
XQL [RLS98], XQL [IKK98]) do not have graphical interfaces. They have complex grammars, and thus are not suitable for naive users. In addition, they require
either a priori knowledge of the DTDs or querying of the metadata. This adds
an additional source of diculty in the querying process. XML-GL [CCD+ 98]
is a graph-based query language. However, graphs are not well known entities
for non-scientists. In XMAS [BLP+98, LPVV99], querying can be done either
graphically (in a form-based language) or textually. However, even in its graphical query language, the format of the result must be speci ed. In addition,
aggregation and quanti cation are not easily formulated in the graphical interface of this language, and may even require a textual formulation. Thus, EquiX
is noteworthy both in its added simplicity and in its querying abilities.
A natural question is to de ne the exact expressive power of EquiX. Another
problem is to nd a necessary and sucient condition for tractable query processing. We are also planning to incorporate ordering constraints into EquiX
and investigate how this a ects the complexity of querying. Identifying classes of
DTDs and queries for which tight result DTDs of polynomial size exist is another
area for future research.
We are currently in the process of implementing EquiX. The implementation
naturally gives rise to optimization problems, such as indexing and view usability.
We are planning on investigating these problems.
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