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Abstract

A relational database is often operated by
means of a structured query language (SQL).
When composing SQL-queries one must have an
understanding of the SQL syntax to be able to
produce a query the database can execute.
Additionally, one must be familiar with the
attributes and relations in the database to be
able to retrieve the data desired. When one
wants to search the available data stored in the
relational database, these requirements can be
discouraging. In this case keyword-based search
functionality could improve the accessibility of
the data. In recent years, much research on
keyword search on relational database has been
done, and many prototypes. However, there are
still critical problems on the efficiency and
effectiveness of Keyword search systems over
relational database. In this paper, a system that
enables keyword-based search in relational
database (KQRD) is presented. We propose
Best-first (A*) algorithm and Structured Pivoted
Normalization Weighting method to be able to
search and retrieve the document from relational
database effectively.

1. Introduction

While traditional relational database systems
(RDBMSs) store the majority amount of the
world’s enterprise data, they provide only limited
support for keyword search. Specifically, they
only search for single tuples that match all the
query keywords. A few recent studies have
recognized the need to dynamically grouping the
individual matching tuples to form meaningful
results.

Adopting this keyword search on relational
databases brings immediate benefits. First, more
meaningful results can be returned by enabling
searching for keyword matches across relation
boundaries. This is particularly meaningful in
relational databases as normalization is
commonly used that decompose input data into
several individual tuples and stored separately.
Second, it lowers the access barrier for average
users. For example, users can still query the
database without having to know the SQL query
language, the database schema, or data
distribution.

In this paper, we propose a system for
keyword-based queries where the user doesn't
need the knowledge of database schema or SQL
(Structured Query Language). Instead of that,
they submit a list of keywords. The system then
searches for the relevant records, and ranks them
on their relevancy to the query. Our paper

Keyword search provides a simple yetpresents an algorithm based on a best-first A*

effective way for the users to query and eprrgraph traversal to improve the efficiency of the

the underlying documents. The last decade h¥Stem when the number of query keyword
- fjcreases  or the database schema becomes

search technology, and it has become a de factgmPlicated and to generate smaller joining

standard for user interaction on the World WidéuIOIeS and o execution_ time. We propose
Web (WWW). In the recent years, there has be ructured pivoted normalized ranking strategy

a great deal of research and developme o eff_ect|ve keyword se_arch. i .
activites on extending keyword search This paper is organized as follows: Sec_tlon 2
capabilities to handle relational data, theummarizes current related work. Section 3

dominant form in which business data are store .resents the system. overwew_for processing
eyword-based queries. Section 4 shows



experimental results and section 5 is theearch. As more than one result may match any

conclusion. keyword query, it is desirable to assign each
result a score and rank the list of results
2. Related Work according to their scores. Intuitively speaking,

the top results in the ranked list are more relevan
With the advent of the World Wide Web,to the query than those at the bottom. The IR

search engines allow users to perform keyworaommqnity has_ developed theories and practice
searches. However, a great amount df "anking functions for documents [11].
information is stored in databases and cannot be ?lmllart :janl_«ng fu_nctlonsl thavel acIiS? bbeen
indexed by search engines. Therefore, the negapteme”;‘ In m?rj]or re ?tlor;ath "’La asej
for supporting keyword searching over databasey/St€Ms. MOWEVer, he result ot the keywor
as well is growing. Recent approaches extend arch in relational o!atabases 1S 1n gef.‘e.ra' a tree
the idea of tokens to values that may be part tuples (_e.g., a particular movie tple joinshwit
attribute values. Several systems have be other director tuple), rather than a flat and

proposed, including BANKS [1, 2], DISCOVER omogeneous text document. Therefore, IRbased
[7, 8], DéXpIorer 6] and Objechank 5]. A methods cannot be immediately applied, and

different line of research focuses on searc ther - factors, espec;ially those regarding the
effectiveness rather than efficiency [10] structure and semantics of the query results, need

According to the data models employed:[0 b: colnS|deredl.(h identified and daf
existing research can be classified into two Fr€Vious work has identified and used a few
%tper metrics that contribute to more effective

;g?r%ZQES: graph-based approach and relatlonranking functions for such search results, e.g.,

Graph-based approach materializes the entiigin tr?e Zize ([16]’ Pag_eRankan(ée rank_ing [11]’
content in the relational database into a grapﬁ'ormal Ized node prestige and edge weight [11.
where each tuple is treated as a node and ed ortest distance between keywords [2], etc. Of

foreign-key to-primary-key relationship is treated ese,bonly []§’ 9] cons?dherer(]j colrlgbinilng sor‘?(g of
as a link between corresponding nodes. Existin@e above factors with the IR-style ranking
work include the BANKS I/l systems [1, 2] nctions. However, the effectiveness of the

' ’eoroposed ranking functions are still questionable,

Progressive Keyword Search [10]. For th )
relation-based approach, the answer to th@s they have not been thoroughly tested against

keyword query is a set of tuples that collectively@ssive quantities of real data and queries.
contains all or part of the search keywords, and
these tuples can be joined together througR- Proposed System
foreign-key-to-primary-key relationships.
Existing work include DBXplorer [6], 3.1. DataModel and Keyword Queries
DISCOVER I/1l systems [7, 8], and [9].
So far, there has been no formal comparisoRata Model
between the two approaches. Our impression is
that graph-based approach works well for small We consider a database with n relations
to medium sized databases, and has fast qudry....R.. Each relation R has m attributes
processing performance. Relational approach, d.,-.-,.ami , @ primary key and possibly foreign
the other hand, can be easily integrated into tHeeys into other relations. The schema graph G
relational database systems, thus, avoiding issu@é, E), is a directed graph that captures the
such as scalability, data and index maintenancglimary key to foreign key relationships in the
etc. Its performance for complex query and largdatabase schema.s Gas a node in V for each
query results still needs improvement. relation R of the database and an edge-RR;in
The effectiveness of the scoring and rankings for each primary key in;Ro foreign key in R
functions is an important aspect of keywordelationships. Figure 2 shows the schema graph
of DBLP used in this paper.



Keyword Queries

We are given a set of keywords S ={w

Wa,...,Wn} and a database DB with a searchable
interface of I(A, A,,..., A, which relies on

relation R(A, A, ... AY). Our goal is to retrieve

all the records containing all the keywords, more ‘

specifically, an answer set Ans(S), such that

k
Ans(S):{rerRDS U r.Ai}
i=1
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Figure 2. Schema Graph for Database

:gPro InProceedingTitle Page ::(;m 3.2. SyStem Architecture
Graphical Design of Reacti . . .
1 s§2fer:f§ esign ofReactive | 197 | 1 An overview of the system architecture of is
2 Optimization Networks 156 | 262 present_ed in Figure 3. The _proposed system
5 Layering Distributed Algorithms ™ | | works in three phases: Indexing the keyword,
with B method searching the query and ranking the result.
(a) InProceeding
. Serie
Pro P_roceedlng Eld Pub s Ye ISBN User 47
Id Title Id ar = =
id Keyword Query
1 Recent 1 1 1 19| 3- -
Advances 98 | 540- Searching
in 6440 uery Cloaning
De\/elopm 5_9 uery eaning
ent C(I)eaned
uel
2 Machine |42 | 1 | 1 20| 3- Indexing S
Learning 01 | 540- | »|  Matehing o
and Its 4249 / MapTable
pplication 0-3 Tuples
3 Mathemati | 44 1 1 19| 3-
cal Models 87 | 540- D—atabase Candidate Answer
for the 1841 !
Semantics 9-8 SQL
of \ Queries
Parallelism E:
(b) Proceeding
:::jUb PublisherName %erles SeriesTitle Results
1 Springer 1 Lecture Notes in Figure 3. Architectur e of proposed system
5 IEEE Computer Computer
Society IFIP . . .
3 ACM 2 Transactions _We have to buﬂdlthe |r!dex in advantxg
3 IFIP Confere gain the speed benefits of indexing at retrieval
(c) Publisher d) Beries time. When a user keyword query comes
P InProld Pld | Name (Figure 3), the keyword query is cleaned by
1 34854 1 | Didier Bert removing stopwords before searching the
1 34888 2 | Emil Sekerinski tuples. The cleaned keyword is then fetched
5 3910 3 | Jean-Marc Meynadien  to the query processing phase to retrieve the
3 7153 4 Patrick Behm tupleswhich together match all the keywords in

(e) RelationPersoninProceeding

) Pérson

Figure 1. Sample Database | nstances

keyword query The mapping table is used to
retrieve which tuples contain keywordsfter we
find the tuple setswe mustsearchhow the



keywords are related together inside a databadwmve to build the index in advance. The major
To do this, we need to build a candidate answesteps in this are:

set from the databas€&he candidate answer sub-

tables are then transferred to SQL querasg 3.3.1. Keyword Finding

execute them to get the results for the query.

After execution process, multiple consequence !N the first step, we find the unique keyword
result tuples are producedfinally the tuples © be indexed. To do this, we need to collect the

that are the most likely answer for the end usefglations’ fields to be indexed, and tokenize the

are presented to the uséy proposing the text, turning each tuple into a  list of_ token_s.
. Then remove stopwords and do linguistic
resultrankingmethod.

preprocessing, producing a list of normalized
) tokens, which are the indexing terms.
3.3. Indexing

3.3.2. Keyword Indexing
A major concept in information retrieval is
indexing. Indexing (or) index construction is  After finding distinct keywords from each
applied to gain speed in the process of retrievalg|ation, the next step is keyword mapping
An established indexing technique is to creatgrgcess. Each distinct keyword is mapped with
what is called an inverted index. An invertedihe tuples id that each keyword occurs in by

index is a mapping of words to their location in &reating a MapTable, consisting of a dictionary
set of documents. The basic idea of an invertegkeyword) and postings (mapld) based on

index is depicted in figure 4, where the numbergyerted indexing technique.

denote the document id-numbers in which the

terms occur. The terms occurring in thekeyword ‘ mapld (Relation Name Tuple Id)
document corpus are united in what is called oringer | Pu (Publisher) R1 (Tuple Id)
dictionary. Each term in this dictionary points to pring ‘ P

what is called a postings list consisting o= mepld -
. springer |PUR1T PURZE6 PURBS,
separate postings. ) elsevier PuR2.PuR27 PURS36 PURED,

For example, given a keyword query Brutus,,..., |PuRa PuRS PUR27 PuR36 PUR42 PuRSH.
and Ceasar, the postings lists of the terms Brutihgiiand PuR3 PURS PUR27 PUR36 PUR42 PuRS4.
and Ceasar are retrieved and intersected to obtinational |PuR4 PuRS3 PrR4 PrR13 PrR15 PrR23 Py
the document id-numbers that occur in botlinstitute PuR4 PuR10.PUR30,PUR38.PURS3 PuRSt
postings |iStS. |nﬂ:\rmrati|:sr _FuF{{lPuF{ﬁE}.F’uHG‘L

tokyo PuR4,
| Brutus ‘ — ‘ 1 | 2 | 4 ‘ 1 | 31 |‘H ‘ 173 | 174| c:.h.apman_ :_PuFi_G.i?uFEEH
hall PuRB PuRSs1
Cmar | — [T 2] 4] 5] 0[] T TR Kuwer PuR7 SR23.
gl | PURS.PUR38.PUR45, PURS6.PURSE. PURT:
| Calpurnia | — [2]31]54 | 101 | 5ees IPuno PO PR,
; ‘ er PuR1 PuR2 PuR7 PuRS PUR10 PuR11 Py
"—:{f—“ e brandenburg :PuFH1. . . . o
Dictionary Postings technical  |PuR11 PUR30 PURSS,
. . . university FuR11.FPuR12 PuR22.FuR30.FuR41.FPuR-:
Figure 4. A fragment of inverted index o~ o : I
3 hresé .PuFHE.PuFHS PuR21 PuR28 PuR29 PuR:

This approach can be useful when the, ....emen: [PurRis. ' ' '

database has large number of fields of type te.group |Pur1a.

(varchar). Each value in such a field can be
considered as a small text document that can be
used for keyword-based search. To gain the
speed benefits of indexing at retrieval time, we

i:igure 5. M aBp]ng Table generated using
inverted indexing



3.4. Searching The MapTable is used to retrieve which tuples

contain keywords and to construct tuple subsets.

When a user's keyword query comes, th&or example, when user enters query ("ACM
input query is performed as the following steps: Press")

3.4.1. Supporting K eyword Query Cleaning ACM = {PuR5, PuR34, PuR9, PuR65, PrR45,

SR9, SR20}
The query cleaning phase takes a user enterBtess = {PuR12, PuR19, PuR21, PuR28, PuR29,
keyword query as an input, and outputs a “clean” PuR34, PuR41, PuR44, PuR47, PuR48,
query. This is achieved by filtering the stopwords PuR49, PuR60...}

from the keyword.

Keyword queries are often dirty, i.e., they(ii) Candidate answer generation
may contain words that are not intended as part
of the queries. In the context of keyword search After we find the tuple sets that include
for databases, dirty keywords can also b&eywords, we must find how the keywords are
keywords that do not appear in the database. Aelated together inside a database. To do this, we
an example, consider the following query issuefieed to build a candidate answer set from the
by the user: “Performance Analysis of adatabase. The matching tuples in the database to
Distributed Simulation Scheme and Devendr&ach keyword are identified, and the goal is to
Kumar ACM Press” find ways to join tuples from (potentially)

In this query, the only keywords that aredifferent tables. Since each keyword can have
relevant to the database content ar&wultiple hits in the database, different (tuplesyet
“Performance Analysis”, “Distributed Simulation subspaces can be generated, corresponding to
Scheme” (InProceeding title), “Devendradifferent combinations of hits for each keyword.
Kumnar’(Person name) and “ACM Press'The system searches through possible subspaces,
(Publisher name). The rest of the query (e.gaiming to optimize for a certain quality measure.
“and”, “of”, “a”) are part of the natural language. The process of candidate answer set is achieved
One possible approach to handle such a probletifirough a schema graph. So we proposed a
is to filter them out as stopwords. First of ale w candidate answer generation algorithm based on
get the keywords which user submitted, and thef* search algorithm to traverse the schema
we filter out the stopwords such as "an", "a"graph.

"the" and so on. These words may appear many We use a graph to model the database
times in the tuple tree, but they are meaninglesschema. A schema graph consists of all the tables
If we do not filter them out, the answers withinside a database and the relationship among
them maybe returned with great priority and thighese tables, and the distance among tables. We
will not satisfy the users, then we access to theonsider the default distance between two related

database in the query process. tables to be one. Figure 2 shows the schema
graph of the database. The schema graph is
3.4.2. Query Processing represented by using arrows and nodes. The

arrows represent a relation between database
In this phase, the cleaned query is then fethbles. Each node represents the table name.
into the query processing phase where the result
is produced. This phase comprises two steps: Algorithm Candidate Answer Generation
Input: schema graphgGstart, goal

(i) Keyword Matching Output: set of joining network
Begin
This step finds a set of tuples TS} {thits) Q: a queue data structure

which together match all the keywords in  Add initial node to Q
keyword query S, and group them by keyword. Wwhile Q is not empty {



N: a node at the front of the queue decision usually depends on the weights which

If Q is empty, then quit attempt to establish the degree of correlation

[*a path could not be found*/ between the relevant records and the keywords-
Else based query. We construct a weight table to
If N is the goal node, then quit compute the the most relevant answer. The
/* a path has been found*/ weight value is computed using the following

Else expand node and append all itormula:
derived nodes to the end of Q} N
End Weight= Z(ﬂj
We get the candidate answer sets by 1 RN
traversing the schema graph using this algorithmyyhere  KF = frequency of the keyword.
RN= the number of relevant records of

Table 1. Candidate Answer Sets each keyword.

Candidate Answers N = the total number of occurrences of
Publisher keywords inside each relevant record.
Publisher - Proceeding - Inproceeding ) ) )
Proceeding The weight value determines which relevant
Proceeding - Inproceeding records are more relevanant to the query.

Series ,

Series - Proceeding - Inproceeding 3.5. Ranking theresult

The output of this step, the candidate answey Ranking relevant record is the final step of
sub-tables are then transferred to SQL querie€ Systém. After execution process, multiple

each responsible for generating a possible fingPnsequence result tuples are produced. Result
result. ranking process is used to solve which tuples that

are the most likely answer for the end users.
Result quality is one of the most important
factors for keyword search systems. Retrieval

This step executes the SQL statement Chos?ﬁectlveness of the scoring and ranking
u

from the previous step, produces the final resuffUnctions is an important aspect of keyword
and presents it to the user. search. As more than one result may match any

For Candidate set (Publisher - Proceeding Keyword query, it is desirable to assign each
Inproceeding) result a score and rank the list of results

according to their scores. The top results in the
SELECT * From Publisher Pu, Proceeding prranked list are more relevant to the query than
InProceeding | ’ those at the bottom. We propose a pivoted
Where (Pu.Publd = Pr.Publd) normalization ranking method for structured

AND (1.Prold = P.Prold) (relational) data.
AND ~ PuName LIKE "%ACM%" OR ger = 3 1+ln(1+ln(tf)]'m[N+1J

(i) Query execution

"%Press%" KOT (1- ) + dl df
AND [.Title LIKE "%ACM%" OR "%Press%" 1=9)+s avgdl

AND Pr.Title LIKE "%ACM%" OR "%Press%™, \ here  Ti = a result tuple that relevant to

keyword query Q,
tf = the frequency of a keyword k
appears in tuple Ti,
f = the number of tuples that k appears,
| = the size of Ti,
avgd| = the average size of T,

(iv) Calculating the resulted keyword weight

After finding the relevant records, we d
determine which relevant records that have more d
correlation with the query than others. Such a



N = the total number of T, and )
s = a constant usually be 0.2. ® KQRD index method
® Native index method
4. Perfor mance Evaluation 0.9
We used a data set of DBLP database, an 0.8
applied a set of queries on this data to evaluat 0.7
the performance of this approach. We implemen 0.6
our keyword search system in Java Environmen o 0.5
using open source tool Eclipse and MySql 3? 04
Database. To test the performance, we wrote te| g’ (3
different keywords queries that are listed in| & 02 -
Table 2. Figure 6 shows the index execution timg — )
of our proposed indexing mechanism for the 0.1 -
queries. 0 -
Table2. Query used for the test Figure6. Eff_iciency of indexing mechanism
Query comparison between two methods
Number Keyword Query '
Q1 IEEE Computer Society 5. Conclusion
Q2 Electrical ' Engineering  anl As the amount of information stored in
Computer Science datab ) . I h i h
Q3 Institute of Cybernetics atabases 1S growing, all humanity such-as
04 Computer Simulation students, scientists, researchers, reporters may
05 World Scientific want to find the documents relevant to their
. - - need. Thus keyword search systems over
Q6 Pennsylvania State University relational databases have become more and more
Qr ACM Press . important. In this paper we propose a system that
08 Institute of Informatics, Faculty of gnaples querying relational database using
Electrical Engineering keywords which takes into account two
Q9 The Society for Computer measures: efficiency and effectiveness.
Simulation Efficiency is improved during two steps. One
Q10 Cambridge University Press step is by constructing the MapTable. The

second step is through combining relevant
The data retrieving time from the index file iSrecordS from candidate answer sets by using A*
also the core part of the keyword search systerBased answer generation algorithm. In both cases
We test the efficiency between our proposegie can reduce response time of the query.
indexing method and native method by Effectiveness is used to improve the accuracy
submitting 10 queries to both methods. As thef the result when the weight for both keyword
experiment result in Figure 6 shows that ougnd relevant records are assigned. The pivoted
proposed mechanism improved compared Withormalized weighting function gives the
the later ones. indication about the similarity between user
keywords query and the set of relevant records.
Without efficiency there is a waste of time
during searching for the relevant records. Also if
a system takes to long time during retrieved
result the user does not use a system again.
Without effectiveness the user feel that the
requirement for the information does note take



into count. By using the proposed processingeterogeneous xml and web documents. In: VLDB,
scheme, the system will retrieve more relevaritp. 529-540 (2005)
J.: XRANK: Ranked keyword search over xml
documents. In: SIGMOD Conference, pp. 16-27
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