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schema-dependent answers. To handle these problems, we exploit the semantics of object, object
identifier, relationship, and attribute (referred to as the ORA-semantics). Based on the ORA-

Keywords: semantics, we introduce new ways of labeling and matching. More importantly, we propose a

XML new semantics, called CR (Common Relative) for XML keyword search, which can return answers

Ke¥ word search independent from schema designs. To find answers based on the CR semantics, we discover prop-

Object . B . . .

LCA erties of common relative and propose an efficient algorithms. Experimental results show the se-
riousness of the problems of the LCA-based approaches. They also show that the CR semantics

Independence

Semantics possesses the properties of completeness, soundness and independence while the response

time of our approach is faster than the LCA-based approaches thanks to our techniques.
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1. Introduction

Since XML has become a standard for information exchange over the Internet, more and more data are represented as XML. There-
fore, XML has wide applications such as electronic business,' science,” text databases, digital libraries,* healthcare,” finance,® and
even in the cloud [3]. As a result, XML has attracted a huge of interests in both research and industry with a wide range of topics
such as XML storage, twig pattern query processing, query optimization, XML view, and XML keyword search. There have been several
XML database systems such as Timber [10], Oracle XML DB,” MarkLogic Server,® and the Toronto XML Engine.” XML keyword search
has also been studied extensively based on lowest common ancestors such as SLCA [24], VLCA [16], MLCA [19] and ELCA [26].

Keyword search is a user-friendly way so that users can issue keyword queries without or with little knowledge about the schema
of the underlying data. However, they often know what the data is about. Therefore, when they issue a query, they often have some
expectations about the answers in mind. Since they may not know which schema is being used, their expectations are independent
from schema designs. If they already got some answers for this schema, it could be surprised if different answers are returned
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Fig. 1. ER diagram of a database.

when they try another schema which represents the same data content. Thus, different schemas of the same data content should pro-
vide them the same answers. However, this is not the case for the existing LCA-based approaches as shown in Example 1.

Consider the database with the ER diagram in Fig. 1 as our running database. There are many ways to represent this database in
XML. Fig. 2 shows five possible XML schema designs for this database. For simplicity, we do not show attributes and values in these
schemas. Each edge in the schemas corresponds to a many-to-many relationship types between the two object classes.

Example 1. Schema dependence

Users may know a university database about courses, lecturers, teaching assistants (TAs), students, and research groups (R_group),'°
but they do not know what the schema looks like, i.e., which of the five schema designs in Fig. 2 is used. When they ask for two students
(e.g., Q = {StudentA, StudentB}), beside information about the two students, they may want to know some of the below:

- Ans1: the common courses that they both take,

- Ans2: the common research groups (R_groups) that they both belong to,

- Ans3: the common lecturers who teach both of them,

- Ans4: the common teaching assistants (TAs) who teach and mark both of them.

They are common ancestors in some schema(s): Ans1 in Schema 1, Schema 2 and Schema 3; Ans2 in Schema 5; Ans3 in Schema 2; and
Ans4 in Schema 3. Therefore, they are all meaningful answers (probably with different ranking scores). Different users may have different
expectations. However, expectations of a user should be independent from schema designs because he does not know which schema is
used. However, all five different schema designs provide five different sets of answers by the LCA semantics. Particularly:

- for Schema 1: only Ans1 could be returned,

- for Schema 2: Ans1 and Ans3 could be returned;
- for Schema 3: Ans1 and Ans4 could be returned;
- for Schema 4: no answer;

- for Schema 5: only Ans2 could be returned.

The above example provides a strong evidence for our two following arguments:

Firstly, meaningful answers can be found beyond common ancestors because all kinds of answers Ans1, Ans2, Ans3 and Ans4 are
meaningful. However, if relying only on the common ancestor techniques, none of the five schemas can provide all the above mean-
ingful answers. For some schema, answers from common ancestors may be better than the others, but returning more meaningful an-
swers would be better than missing meaningful ones.

A final answer obtained by LCA-based approaches includes two parts: a returned node (LCA node) and a presentation of the an-
swer, e.g., a subtree or paths. Arguably, the presentation of an answer as a subtree may contain other answers. For instance, for Schema
1, the subtree rooted at the common courses (Ans1) that both students take may contain other kinds of answers (Ans2, Ans3, Ans4).
However, the LCA-based approaches do not explicitly identify them and it may be hard for users to identify them because this presen-
tation contains a great deal of irrelevant information. Thus, it is necessary to identify and separate them clearly.

Secondly, answers of XML keyword search should be independent from the schema designs, e.g., Ans1, Ans2, Ans3 and Ans4
should be returned regardless which schema is used to capture data. However, as can be seen, the LCA-based approaches return dif-
ferent answer sets for different schema designs in Fig. 2.

In practice, many real XML datasets have different schema designs such as IMDb'! and NBA.'? In IMDb, there are many ways
to capture relationships among actors, actresses, movies, and companies. In NBA, relationships among coaches, teams, and players
can also be captured in different ways. Moreover, due to the flexibility and exchangeability of XML, many relational datasets can be
transformed to XML [12], and each relational database can correspond to several XML schemas by picking up different entities as
the root for the resulting XML document.

Therefore, it necessitates to consider the above two arguments when processing XML keyword search. However, to the best of our
knowledge, no current system satisfies the above two arguments, including keyword search over XML graph.

10 R_group can be an object class with attributes: name, topics, leader, etc.
1 http://www.imdb.com/interfaces.
12 http://www.nba.com.
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