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Abstract 

This paper describes the process of constructing a 
specialized search engine for city classification 
information retrieval. Compared with the general 
search engine, it can provide more precise in-
formation and domain-specific knowledge for 
users by means of some effective approaches. 
The forward maximum matching algorithm is 
used for Chinese segmentation. The query ex-
pansion method is conducted to the given queries 
based up on the synonymy lexicon. And the 
query recommendation approach is proposed in 
terms of user logs. The experimental results show 
where the proposed approaches are tested on 
corpora of significant scale, showing clear im-
provements with respect to conventional key-
word-based search. 
 
Keywords: Search Engine, Information Re-
trieval, Query Expansion, Query Recommenda-
tion 
 

1   Introduction 
 
A search engine is a system that collects and 
organizes web documents, and presents a way to 
select documents based on certain words, phrases 
or patterns within documents. In the last couple 
of years, search engine technology had to scale 
up dramatically in order to keep up with the 
growing amount of information available on the 
web. Current large-scale search engines such as 
Google have the ability to handle billions of 
pages. But the recall of even the largest com-
mercial search engines is rather low, covering 
50-70% of the web today [1]. As the amount of 
web sites is growing rapidly, the number and size 
of stored documents is growing even faster and 
site contents are getting updated more and more 
often. Centralized systems cannot grow that fast 
and therefore they cover an ever-decreasing 

segment of the web. The large size and general 
focus of their indices entail a rather low precision. 
Naturally, specialized search engines and do-
main-specific web portals have seen an increas-
ing popularity in recent years. They are called 
vertical search engines and vertical web portals, 
respectively [2]. Compared with general search 
engines, obviously, vertical search’s processing 
scope is greatly narrowed down, and with a spe-
cialized index it has consequently a more struc-
tured content and offers higher precision than a 
generalized search engine, as it has been intelli-
gently extracted from the web[3].They are more 
appropriate to classified information retrieval for 
specialized markets and target groups. 

In this paper, we construct a vertical-like 
search engine based on the city catering service 
information. Compared with the general search 
engine, it can provide more precise information 
and domain-specific knowledge for users in 
which the forward maximum matching algorithm 
is used for Chinese segmentation, the user que-
ries are expanded based on the synonymy lexicon 
and the query recommendation is gotten based on 
user logs. An experiment is carried out to vertify 
the effectiveness of the proposed approaches and 
satisfying results come back from the developed 
searching system.  

The rest of this paper is organized as follows. 
In Section 2, an architecture of Web search en-
gine is proposed and three main process modules, 
including Indexer, Chinese segmentation and 
query expansion are addressed. In Section 3, 
query recommendation based on query logs is 
introduced. An experiment is conducted to test 
the performance of the developed search engine 
and the experimental results are discussed in 
Section 4. Finally, conclusions and future works 
are summarized. 
 



 
 
 

2   Architecture and Algorithms for the 
Search Engine  
 

2.1 Architecture of the search engine 
 
 

Most practical and commercially operated 
Internet search engines are based on a centralized 
architecture that relies on a set of key compo-
nents: crawler, indexer, page and index storage 
and searcher as shown in Figure 1.  
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Figure 1. The architecture of search engine 
 

The crawler is a module aggregating docu-
ments from World Wide Web in order to make 
them searchable and passing retrieved documents 
into page storage. Several heuristics and algo-
rithms exist for crawling, and most of them are 
based upon following links. The indexer is a 
module which is designed to handle documents 
and build a searchable index from them. Index is 
a data structure that allows fast random access to 
words stored inside it. Terms are extracted from 
the documents and the index is created and saved 
as files. Common practices are inverted files, 
vector spaces, suffix structures and hybrids of 
these. The core of all today’s web search engines 
is inverted indexes. This data structure makes 
efficient use of disk space while allowing quick 
keyword lookups. What makes this structure 
inverted is that it uses tokens extracted from input 
documents as lookup keys instead of treating 
documents as the central entities. In other words, 
instead of trying to answer the question ”What 
words are contained in this document?” this 
structure is optimized for providing quick an-
swers to “Which documents contain word X?” 
The searcher is working on the output files from 
the indexer. The searcher module therefore is 
responsible for receiving search requests from 
users and analyzing user queries, including Chi-

nese segmentation, query expansion and query 
recommendation. This module relies heavily on 
the index, and always includes the ranking mod-
ule which has the task of sorting the results ac-
cording to their relevance to the given query so 
that results near the top are the ones most likely to 
be what the user is looking for. Systems usually 
run the crawler, indexer, and searcher sequen-
tially in cycles. First the crawler retrieves the 
documents, then the indexer generates the 
searchable index, and finally, the searcher pro-
vides functionality for searching the indexed data 
[4].  

 

2.2 Algorithms of the search engine 

 

2.2.1 Forward maximum matching algorithm 
for Chinese segmentation 
 
Segmentation is applied for both documents and 
user queries. Documents are first segmented to 
yield the index terms that are stored for the sub-
sequent query matching process. User queries are 
also segmented prior to matching. And the results 
of segmentation will influence the precision of 
search engine.  

The Chinese word segmentation is a challenge 



 
 
 

due to the fact that Chinese text has no delimiters 
to mark word boundaries other than the punctua-
tions, while English text uses space as word de-
limiter. Many methods for Chinese word seg-
mentation have been proposed [5]. These meth-
ods can be roughly classified into two groups, 
namely, character-based approaches and 
word-based approaches. The former ones can be 
defined as purely mechanical processes that ex-
tract certain number of characters from texts. 
According to the number of characters extracted, 
character-based approaches can be further di-
vided into single character-based approach and 
multi-character-based approaches. Single char-
acter-based approach divides Chinese texts into 
single characters and is the simplest method to 
segment Chinese text. Multi-character-based (or 
N-gram) approaches segment texts into strings 
containing two (bi-gram), three or more charac-
ters. The latter ones, as the name implies, attempt 
to extract complete words from sentences. They 
can be further categorized as statistics-based, 
dictionary-based and hybrid approaches. Dic-
tionary-based approach is commonly used in 
most current systems utilizing the word-based 
approach for text segmentation [6].  

Forward maximum matching (FMM) algo-
rithm is one of the most popular segmentation 
methods[7][8]. We take the dictionary-based 
forward maximum matching algorithm to seg-
ment user queries. The dictionary contains all 
possible words and phrases used in Chinese texts. 
Before segmentation, some stop words will be 
filtered from the user queries based on the 
stop-word list. Some Chinese words such as 

 without practical meanings are de-
fined as stop words and stored in stop-word list. 
Then the segmentation starts at the beginning of 
the query and proceeds left-to-right finding one 
segment boundary at a time. At each segment 
boundary, it searches for the longest word in a 
lexicon that matches the next few characters from 
the segment boundary. If no word is found to 
match the next few characters, the next single 
character is considered as a word and the word 
boundary moves forward by one character. Oth-
erwise, the word boundary moves forward by the 
number of characters in the matched word. Take 
the query in Chinese  as an ex-
ample where the lexicon contains the words 

 and . The stop word  
will be filtered before segmentation. Then start-

ing at the first segment, FMM finds two matched 
words  and  from the lexicon. It then 
chooses the longest word  and moves on 
to segment the remaining character sequence 

. As there is no word in lexicon that 
matches the character , this character is treated 
as a single-character word. The procedure con-
tinues until the end of the sentence, resulting in 
the segmented sentence . FMM 
algorithm is an efficient algorithm and can be 
implemented easily. 

 

2.2.2 Query expansion based on synonymy 
lexicon 
 
Query expansion is processed by searcher mod-
ule, which is a technique, widely used for ob-
taining additional terms relevant to a given query 
(search keywords). Query expansion is needed 
due to the ambiguity of natural language and also 
the difficulty in using a single term to represent 
an information concept. It is usually used to help 
searchers express their intentions more accu-
rately and increase the precision of search results 
[9]. Krovetz and Croft (1992) observed that the 
most benefit is achieved with high-recall searches 
that depend on matches of single concepts. With 
query expansion, the user is guided to formulate 
queries which enable useful results to be obtained 
[10]. 

This paper realizes query expansion according 
to semantic similarity of Chinese words. But 
quantifying semantic similarity of Chinese words 
is deemed to be difficult and more difficult task 
than that of English words because of the nature 
of Chinese language and lacking large-scale hi-
erarchy organized language resources like Word 
Net. As a matter of fact, efforts in building Chi-
nese semantic lexicon started in 1980s, some 
achievements on semantic classification system 
of Chinese words have been made, such as 

 (An electronic dictionary of syn-
onymy), etc. Our synonymy lexicon is obtained 
from such dictionary which consists of 53,859 
Chinese words. Some words not used very 
common are deleted from the synonymy lexicon 
and some common words are added to the lexi-
con manually resulting in a lexicon of 75369 
Chinese words. The lexicon is used to expand 
query automatically. Every line in the lexicon 
gives a listing of words with similar meanings 



 
 
 

and these words use space as word delimiter. In 
the searcher module, while the searcher segments 
the user query, every segment of the user query 
will be checked whether it exists in the synonymy 
lexicon or not. If it can be found in a certain line 
in the lexicon, all the words in this line are 
viewed as expanded queries. Otherwise, the word 
will not be expanded. The procedure continues 
until all the segments are expanded. Let’s use the 
query in Chinese  as an example where 
the synonymy lexicon contains the 
word  in a certain 
line. After segmenting, the query is divided into 
two words including  and . The word 

 is contained in the lexicon, so it is expanded 
to . As there are 
no words in the synonymy lexicon that match the 
word  , this word is not expanded at all. As a 
result  are 
viewed as the final expanded query. Finally, the 
searcher module will search relevant documents 
from index files according to the expanded query 
and the document containing one of the segments 
in the expanded query will be hit. The returned 
documents will be sorted according to the rele-
vance with the expanded query. The results show 
that query expansion using synonymy lexicon 
has better performance in recall. It can also be 
found that the correctness of word segmentation 
has a great impact on the quality of query ex-
pansion. 
 

3   Query Recommendation Based on 
Query Logs 
 
Providing related queries for search engine users 
can help them quickly find the desired content. 
Recently, some search engines start showing 
related search keywords in the bottom of the 
result page. Their main purpose is to give search 
engine users a comprehensive recommendation 
when they search using a specific query. Rec-
ommending the most relevant search keyword set 
to users not only enhances the search engine’s hit 
rate, but also helps users to find the desired in-
formation more quickly. Also, for some users 
who are not very familiar with a certain domain, 
we can use the queries that are used by previous 
similar searchers who may have gradually refined 
their query, hence turning into expert searchers, 
to help guide these novices in their search [11]. 

There are many methods to get query recom-
mendation, such as the method based on a query 
clustering process in which groups of semanti-
cally similar queries are identified, the method 
utilizing the click-through data, the method 
mining the search engine logs which contain 
abundant information on past queries, etc. This 
paper takes an easy and efficient method by 
searching user query logs to get query recom-
mendation. The algorithm considers only queries 
that appear in the user logs. All the user queries 
are stored as structured data in the database. The 
same query will be stored only once, but the 
times of the query will be added one each time. 
And the returned query recommendations will be 
sorted according to the times of related queries. 
The query data in the database will be indexed by 
indexer module at interval time and stored as 
query index files. The indexing process includes 
filtering stop-word, Chinese segmentation, etc. 
When a user inputs query, the searcher module 
will search relevant results, meanwhile it will 
search related queries from query index files and 
return related keywords as query recommenda-
tion. Let’s take the query in Chinese  as an 
example. The query recommendation can be  

 , etc. The 
user can click these related keywords to search 
the desired information. 
 

4   Experimental Results and Discussions 
 
The three measures corresponding to precision, 
recall and speed are widely used in search engine 
performance evaluation. Speed is the response 
time of the system for the user’s query. Precision 
and recall respectively are defined as 

Precision ＝ %100×
+ lr
r

       (1) 

and 

Recall ＝ %100×
+ br
r

         (2) 

where r is the number of relative documents in 
the result list, and l is the number of irrelative 
documents in the result list, and b is the number 
of relative documents but not in the result list. 
These metrics interplay each other. For example, 
in a specific system, both precision and speed 
drop off with the increasing of recall [12]. 

In order to compare the performance between 
keyword-based and query-expanded methods, a 



 
 
 

case is illustrated. This case uses ten queries to 
measure the recall and precision. It yields dif-
ferent results between the two methods. Figure 2 
shows the return results from both key-
word-based and query-expanded searching 

methods using  as the query. The pre-
cision and recall of the searching system are 
shown in Figure 3.  
 

 
Figure 2. The results of the keyword-based vs. the expanded query searching method 
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Figure 3. Comparison of search performance of two methods 
 

Figure 3 shows that the accuracy increases with 
the recall decreasing. It also shows that the recall 
of the query-expanded method is higher than that 
of the keyword-based one. 

Another important aspect is the response time. 
Although the expanded query method will spend 
some extra time on expanding users’ queries, 
current response time of the developed search 
engine is less than 1 second, which is short 
enough for practical use. 
 

5    Conclusions and Future Work 
 
This paper presents the architecture of a special-
ized search engine and introduces the main 
modules. Query expansion and query 
recommendation are two features of the 
developed search engine. The experimental 
results show that the query expansion technique 
can yield performance that matches that of 
conventional query techniques. It can also be 
found that query recommendation brings good 
experiences to search engine users. 

One direction for future research is the clus-
tering of search results. Clustering can be defined 
as a process of organizing pieces of textual in-
formation into groups whose members are similar 
in some way, and groups as a whole are dissimi-
lar with each other. We will try to devise a 
method to yield comprehensible and grammati-
cally descriptions of clusters, and the method 
should assure a clear, transparent relationship 
between the cluster label and its contents. Finally, 
we plan to carry out several more experiments to 
test the performance of the method and how the 
method affects the quality of document assign-
ment. 
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