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Abstract 
The traditional keyword-search system in XML data composes 
a keyword query and submits the query to the system. When the 
user has a limited knowledge about the data, he feels confused 
when issuing queries.  He has to use a trial and error method for 
finding out the needed information. Then the fuzzy type-ahead 
search in XML data is examined for avoiding constant problems 
in search. It is a new information-access paradigm in the system 
which searches XML data when the user types in different query 
keywords. It allows users to explore the data as they type when 
the minor errors are present in their keywords. This method has 
three features: 1) Search as you type: It extends Auto complete by 
supporting queries with multiple keywords in XML data. 2) Fuzzy: 
It can find high-quality answers that have keywords matching the 
query keywords approximately. 3) Efficient: The index structures 
and searching algorithms in this method are achieving a very 
high interactive speed. The effective index structures and top-k 
algorithms are achieving a high interactive speed. The effective 
ranking functions are studied progressively to identify the top-k 
relevant answers. This method is implemented on real data sets 
and the test results show that this method achieves both high 
search efficiency and result quality.
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I. Introduction
Traditional methods use query languages such as XPath and XQuery 
to query the XML data. But, these methods are proved powerful 
and successful to non-expert users. These query languages are 
hard to comprehend for non-database users. An improvement 
over the traditional methods is the keyword search[3]. It is simple 
and yet familiar to most internet users because it only requires 
the input of keywords. 
The keyword search is a widely used and accepted search paradigm 
for querying the document systems and also the World Wide Web. 
Recently, the database research community has been studying the 
challenges which are associated to keyword search in XML data 
[1]. An important advantage of keyword search is that it enables 
users to search information without knowing the complex query 
language such as XPath or XQuery, or having prior knowledge 
about the structure of the underlying data.
In the case where the user has limited knowledge about the data, 
many a time the user feels confused when issuing queries and has to 
use a trial and error method for finding the needed information. He 
tries a few possible keywords, goes through the returned results, 
modifies the keywords, and reissues a new query. He needs to 
repeat this step multiple times to find the information. This search 
interface is neither efficient nor user-friendly.
A new and an improved keyword search, a Type-ahead search 
can help users to browse the data, save users typing effort and 
efficiently find the information. The existing methods cannot 
search XML data in a type-ahead search manner and it is not 
trivial to extend existing techniques to support fuzzy type-ahead 

search in XML data. This is because XML contains parent-child 
relationships, and this need to identify relevant XML subtrees that 
capture such structural relationships from XML data to answer 
keyword queries, instead of single documents. In this paper, we 
propose TASX (pronounced “task”), a fuzzy type-ahead search 
method in XML data. TASX searches the XML data on the fly 
as users type in query keywords, even in the presence of minor 
errors of their keywords. TASX provides a friendly interface for 
users to explore XML data and can significantly save users’ typing 
effort. In this paper, we studied research challenges that may 
arise naturally in this computing paradigm. The main challenge is 
search efficiency. Each query with multiple keywords needs to be 
answered efficiently. To make search really interactive, for each 
keystroke on the client browser, from the time the user presses the 
key to the time the results computed from the server are displayed 
on the browser so as to make the delay as small as possible. 

II. Fuzzy Type-Ahead Search in XML Data
There are different ways to define the answers to a keyword query 
on an XML document. A commonly used one is based on the 
notion of Lowest Common Ancestor (LCA). This project proposes 
an LCA-based fuzzy type-ahead search method. The relevant 
answers on top of predicted words are identified. The LCA-based 
algorithm first retrieves content nodes in XML data that contain 
the input keywords using inverted indices. It then identifies the 
LCAs of the content nodes, and takes the subtrees rooted at the 
LCAs for the answer to the query. For example, a bibliography 
XML document is shown in fig. 1.
A trie structure to index the words in the underlying XML data 
is used in the project. Each word in Fig 1 ‘w’ corresponds to a 
unique path from the root of the trie to a leaf node. Each node 
on the path has a label of a character in ‘w’. For each leaf node, 
an inverted list of IDs of XML elements that contain the word of 
the leaf node is stored. Suppose a user issues a keyword query 
“DB Tom.” The content nodes of “DB” and “Tom” are {13,16} 
and {14,17}, respectively. Nodes 2, 12, and 15 are LCAs of the 
keyword query. Notice that node 2 is the LCA of nodes 13 and 17. 
Evidently, node 2 is less relevant to the query than nodes 12 and 
15, as nodes 13 and 17 correspond to values of different papers.
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Fig. 1: XML Document

To address this limitation of using LCAs as query answers, many 
methods have been proposed to improve search efficiency and 
result quality. Balmin et al. and Papakonstantinou [5] proposed 
exclusive lowest common ancestor (ELCA). An LCA is an ELCA 
if it is still an LCA after excluding its LCA descendants. For 
example, the ELCAs to the keyword query “DB Tom” on the data 
in Fig. 1 are nodes 12 and 15. Node 2 is not an ELCA as it is not 
an LCA after excluding nodes 12 and 15. A binary-search-based 
method is proposed to identify ELCAs efficiently.

A. Algorithm
Step 1: Initially all starting nodes are active nodes (assume 
example fig. 2)
Example: It initialize Aϕ = {ϕ(0), d(1), i(1), m(1), t(1), x(1)}
where the number in the parenthesis denotes the edit distance 
between the active node and the partial keyword
Step 2: Then incrementally compute the active nodes when type 
the letter by letter until the typing ending
Example : A m={ϕ(1), d(1), i(1), m(0), m(1), t(1), x(1), xm(1)}
Ami={m(1), mi(0), mic(1)}
A mic={mi(1), mic(0), mice(1),mich(1)}
Amics={mic(1), mices(1), mich(1)}
Step 3: It predicts words and gets the relevant words from XML 
tree
Step 4: Compute the union list
Step 5: Compute the ELCAs and return the subtrees rooted. 

Fig.2: The trie on top of words in fig. 1

For example, the given edit-distance threshold is τ=1. Assume 
that the user types in a query are “db mics” letter by letter. For the 
user types in the keyword “db,” for each keystroke, the predicted 
word “db” is identified and computed the union list as {13, 16}. 
When the user types in “db mics,” the active nodes are found as 
{mic(7); mices(9); mich(10)}. The predicted words of the active 
nodes, “mices” and “mich” are identified and the union list {14, 
18, 26} is computed. Then, we compute the ELCAs of the two 
union lists and get the ELCAs of XML elements 12 and 15 and 
return the subtrees rooted. 

III. TOP-K FUZZY TYPE-AHEAD SEARCH
A new framework to find relevant answers to a keyword query over 
an XML document is introduced in the project. In the framework, 
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each node on the XML tree is potentially relevant to the query 
with different scores. For each node, its corresponding answer to 
the query as its subtree with paths to nodes that include the query 
keywords is defined. This subtree is called the “minimal-cost tree” 
for this node. Different nodes correspond to different answers to 
the query are studied and decide how to quantify the relevance 
of each answer to the query for ranking.
Two ranking functions [4] to compute the relevance score between 
the root note n to an input keyword ki are worth mentioning. The 
first one considers the case that n contains ki. where s in the given 
formula is constant. 

The second one considers the case that n does not contain ki but 
has a descendant containing ki. The relevance between n and kj 
is computed by using the following formula [2]. Where P is set 
of pivotal nodes and α is constant set to 0.8

A. Algorithm
Step 1: Take the inverted list of a query. 
Step 2: If the inverted list is long, take only the partial inverted 
list.
Step 3: Compute the scores of the nodes of the inverted list.
Step 4: The scores have to be sorted out and a max heap is 
constructed with a threshold value which is fixed. 
Step 5: Deleted node with score<=T (threshold) is taken into result 
set and returns the result set. The top k answers are retrieved

IV. LCA Vs MCT
This paper compares search efficiency of the LCA-based method 
and the MCT-based progressive search method [6]. We used the 
10 queries on DBLP data set which are shown in Table 1:

Table 1: The Selected Queries on DBLP Data Set

For each query, the running time on the server to find the top-100 
answers, which included the time to find predicted words of each 
keyword and the time to find the relevant subtrees of queries is 
measured. Q10 is used as an example and the results are shown in 
the following Table 2. The total server time for different queries 
is given in Fig.3. We observe that the MCT-based search method 
is better than the LCA-based method and achieves much higher 
search performance in terms of fuzzy type-ahead search. This is 
attributed to our effective index structures and threshold-based 
computing algorithms.

Table 2: Finding Predicted Words and Predicted Answers

Fig. 3: Total Server Time

V. Conclusion
This paper studies the problem of fuzzy type-ahead search in 
XML data. It proposes efficient algorithms and novel optimization 
techniques to progressively and efficiently identify the top-k 
answers. The LCA-based method is examined in this paper to 
interactively identify the predicted answers. A minimal-cost-
tree-based search method is also deployed to efficiently and 
progressively identify the most relevant answers. The experimental 
results show that this method achieves high search efficiency and 
result quality.
The future work based on the conclusion of the present paper 
proposes a new method covering a number of objects to avoid 
constructing union lists. There is a need to devise a suitable and 
necessary forward-index structure to further improve search 
performance and also efficiency of the xml data. It will eliminate 
the need to visit inverted list and gives the corresponding score 
of element for improving search performance.
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