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Abstract: Traditionally, SQL is the main interface to access data from relational databases. However, it is difficult
for inexperienced end users to learn the complicated syntax of SQL. Enabling keyword-based information retrieval
over relational databases will allow users to acquire information from databases without any knowledge of SQL and
the underlying database schema, just like the way of common search engines. This paper describes the design and
implementation of SEEKER, a system supporting keyword-based information retrieval over relational databases.
While there have been some existing systems that support searching text attributes in relational databases, SEEKER
can also search database metadata and numeric attributes. Moreover, SEEKER employs an improved ranking
function and supports Top-k queries. Experimental results show that SEEKER can achieve good retrieval
performance.
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DBLP Jim Gray 1990 Transaction . SQL

SELECT a.Name, p.Title, p.Year FROM AUTHOR a, PAPER p, WRITE w

WHERE a.Authorld=w.Authorld AND p.Paperld=w.Paperld AND

a.Name="Jim Gray’ AND p.Title LIKE “%Transaction%’ AND p.Year>=1990
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n Ry,...,Rn DB, G,DB G
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e(RiR), G (schema graph), 5 DBLP
; ,  SEEKER -
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2 BANKSM DISCOVER® IR-Stylel™ ,  SEEKER
2.2
SEEKER , .SEEKER
3 (1) Keyword;(2) Keyword:Keyword;(3) Keyword:(op)Value. 1
2 Keyword
. , “Author:'Jim Gray’” , “Jim Gray”
“Author” . 2 ) ,
“Knuth Algorithm”  “Author:Knuth Algorithm” , Knuth 4
2 Knuth Author ’ . 3
Keyword ,“(op) Value”
{op) , =><,> < Value e 1 SQL SEEKER
“Jim Gray Transaction Year:>=1990”. 3 ,
3
SEEKER ( 1 ): IR Top-k
! , “Author:*Jim Gray’ Transaction Year:>=1990"
SEEKER
3.1
2.2 , 3 , ,
, , IR . 1 ,SEEKER
, .SEEKER ,
“Jim Gray”,SEEKER . 2
, 1 . 3 ,Keyword,(op) Value ,
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Value, , Keyword
3 , Keyword , . , “Jim Gray Transaction
year:>=1990 year:<=2000", “year:>=1990” *“year:<=2000"
3 o1 “Transaction”; 2 “Author,Jim Gray”; 3
“Year,GE,1990,INT”,INT
> | | Users
=
Keyword queryl
| Parser |
Keywords
Y
Fﬁ—)‘ IR engine |(—

3.2 IR
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3.2.1
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Score tables
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Relation matching table

‘value”

Attribute matching table

3 ,
“value”

TableName Keywords TableName | AttributeName Keywords Type
AUTHOR| writer, ... AUTHOR/| Authorld id, ... INT
PAPER thesis, ... AUTHOR| Name editor, writer, ... VARCHAR
WRITE edit, ...
CITE reference, ... PAPER Year date, ... INT
Fig.2 Matching tables (DBLP database)
2 (DBLP )
3.2.2
Oracle .Oracle (inverse document
frequency) . , .Oracle
[0,100].
3.2.3
Oracle ,SEEKER (24]
e o @
max, freq, ; n,
No¥ K; d; fregi; ki d max; freq; dj N
i ki
SEEKER , ki 3
“Keyword:(op) Value”,d; N i
“(op) Value” .max, freq;=1; “(opy Value”  djfreg;;=1; “(op)
Value”  dj,freq;;=0. [0,100] , ni=1,N=1 000 000 ,a;=100. @)
o; :100x%x freq; ; xlog% (2
i
ni=0, ;=0; ni=N, =1, 2 ®,;>100, @;=100.
3.24
Q(kwy, ..., kwp) kwj, kw; 1
ROWID SCORE IR ; kw; 2
Rowid 1 Score 1 3 ,
Rowid 2 Score 2 ) ( 3 ), 1 Oracle
:ROWID,ROWID ROWID
;2 SCORE IR kw; (
Fig.3 Basicscoretable  gracle ) ).IR 0
3 1
IR ,
R BSTSet{BST(kw'),...,BST(kw';)|0<p<m}, BST(kw';) kw’j R
. R KWset(kw's,...,kw'p) , 2k,
KWsSet;(i=1,...,2P) ST;, ROWID R KWSet;
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STi  SCORE ST, SCORE : BSTSet
R STSet:
ST,= [\ BST(k)-  |JBST(k), KWSet; = @ ®3)
keKWSet; keKWSet Ak & KWSet;
2 R :
S R :
ST, = |JBST(k) KWSet, = & (4)
keKwset
, - . | | | ,
IR :AUTHORimerayd pApERT Trnsaction’}, pApE R vear>=10007},

AUTH OR{“Jim Gray"}’AUTHOR{}‘ PAPER{“Transaction”&&“Year:>=1990"}YPAPER{“Transaction”}’ PAPER{“Year:>=1990”}’ PAPE R{}y
WRITED CITED.

3.3
, G IR STSet Gsr.
Gsr " . G , Ri R; e(Ri.Ry), Ri
STi'p RJ STJ',q e(STiyp,Sijq); i=j, s
e(STi,p,STj,p). ; Gst , . 4
PAPER{“Transaction”&&“Year:>=1990"}
AUTHORYim Gray’}
PAPER{“Transactlon"}
WRITEY CITEY
PAPER{“Year:>:1990"}
AUTHORY
Fig.4 Score table graph of query example
4
3. , Q
Q . CT CT , sizeof(CT).
.SEEKER (BFS)
1. CTSet (BFS ).
Gst, MaxCTSize, Q(kwy, ... .kwp).
CTSet.
V: ,
Q: ,
Begin
1 for Gsr ST;,i=1,...,ndo
2 ST; Y
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3 ST; Q
4 while Q do
5 Q CT
6 if CTSet CT then
7 if CT 3 then CT CTSet
8 if CT <MaxCTSize then
9 for CT ST;do
10 for ST; AdjST, do /* */
11 if CT AdjST, AND V AdjSTy then
12 CT CT’, AdjSTy cT’ CT’' Q
End
1 CTSet 2
; , ’ , 1
1( ). 1 CTSet
sizeof(CT)<MaxCTSize CTeGst( ).

AUTHOR{"Jim Gray”} > WRITE{} >< PAPER{“Transaction"&&“Year:>:1990"}

PAPER{“Transaction"&&“Year:>:1990"}’AUTHOR{“Jim Gray"} > q WRITE{} > PAPER{“Transaction”} 13 (MaxCTSize=4 )
3.4 Top-k
Top-k SQL ) B
341 (scoring function)
SEEKER Top-k ) )
, , , .SEEKER
1 m: 2 sizeof (TT) m
Score(TT,Q) =———m——| — | - Score(T, , kw; 5
(TT.Q) sizeof (TT) (m] ,2:1: é (T low;) ®)
TIT isizeof(TT) TT i T
TT Q m Q kwjeQm'  TT ;a ,
( 10) ;Score(Ti,kw;) T;
kw; . > Score(T; , kw;) Ti SCORE
j=1
1( ). Q TTy  TTy, 1T,
TT, , Score(TTy,Q)<Score(TT,,Q).
DBXplore®®  DISCOVER® AR-Style!"
.BANKS™  ObjectRank™ PageRank
,PageRank ,
3.4.2 Top-k
CT(STy,...,STy) ,
n
MaxScore(CT,Q) = > max{7r ., (ST,)} .7 . , Top-k k
i=1
Scorey, MaxScore(CT,Q)<Scorey, CT Top-k
, ) ST; ,
Scorey , row D Toore (FOW) > Score, —
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Zn: mMax{7 .. (ST;)} - , ST, STq row, rowg
i=Lizj
n
T score (TOW,, ) + oo (FOW, ) > ScOrE, - 1_2 Max{7 . (ST;)} . SQL
i=Li#p.q
2. Top-k
: CTSet, Q(kwy, ..., kwy).
:Top-k
Results[1,...,k]: , ,
Results[k].kws:Results[k] Q , <k , 0
Results[k].score:Results[k] , <k , O
Begin
1 for CTSet CT;,i=1,...,ndo
2 if CT; <Results[k].kws then ’ Results  /* 1*/
3 if CT; =Results[k].kws AND CT; <Results[k].score then goto 1
4 CT; SQL
5 SQL k& */
6 while do
7
8 if Score(TT,Q)>Results[k].score then  TT Results
9 else goto 1
10 Results
End
1 SEEKER Top-5
Table 1 Top-5 results of query example
1 Top-5
No.  Score AUTHOR WRITE PAPER
1 8.33  Jim Gray... Database and transaction processing benchmarks. 1992...
2 8.33  Jim Gray... The benchmark handbook for database and transaction systems (1st Edition). 1991...
3 8.33  Jim Gray... The benchmark handbook for database and transaction systems (2nd Edition). 1993...
4 8.33  Jim Gray... Database and transaction processing performance handbook. 1993...
5 8.33  Jim Gray... Transaction processing: Concepts and techniques. 1993...
4
4.1
SEEKER Oracle 9i , JAVA , JAVACC , Oracle
JDBC. SEEKER, DBLP! DBLP XML
5 4 :AUTHOR 294 062 ;PAPER 446 409 SWRITE
1 000 099 ;CITE 111 357 .AUTHOR PAPER ,
512M Pentium 1V 2.5 GHz , Windows XP.
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AUTHOR WRITE PAPER CITE
Authorld > Authorld Paperld > Paperld
Name Paperld | Title Cited
. . Year
Primary key —> Foreign key Type
Fig.5 The DBLP database schema graph
5 DBLP
4.2
(precision) (recall) SEEKER ,
ion - Rl
Precision :W (6)
R
Recall = @)
Rl
|Ral JA] IR
421
10 SQL , SQL
3 SQL ,
: SQL Rl. 2 3 SQL
, 2 1 , 3 1 2 .
Table 2 Keyword queries without metadata Table 3 Keyword queries with metadata
2 3
Knuth algorithm Dijkstra programming Author: Knuth algorithm Author: Dijkstra programming
Turing article “Jim Gray”Article Author: Turing article Author: “Jim Gray” article
Codd relational Salton “Information Retrieval” Author: Codd relational Author: Salton “Information Retrieval”
Fagin proceeding “C. J. Date” database Author: Fagin proceeding Author: “C. J. Date” database
Hartmanis NP “Marvin Minsky” article Author: Hartmanis NP Author: “Marvin Minsky” article
SQL . b6 Top-k ,
) ) ! Top-k
, 2 )
100
& 80+ 2
S —4
2 00 g
8 e
5 404 <)
o o0 —e—Only text attributes g —e—Only text attribute
@ [
8 —=— Also metadata Z —=— Also metadata
< 00— O S
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
. Top-k Top-k
(a) Average precision (b) Average recall
(@ (b)
Fig.6 Metadata’s impact on query effectiveness
6
4.2.2
10  SQL , SQL
. SQL Rl. 4 5 SQL
, 4 1 , b5 1 3
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SQL .7 Top-k ,
, 3 , Top-k
3 ; ,
SEEKER .
Table 4 Keyword queries over Table 5 Keyword queries over text and numeric attributes
text attributes
4 5
Dewitt database Foster grid Dewitt database year:>1990 Foster grid year:=2003
Molina ‘peer-to-peer’ Stonebraker object Molina “peer-to-peer’ year:>=2002 Stonebraker object year:>1993
*Jennifer Widom’ database *Jennifer Widom’ database Year:>1995
‘Jiawei Han’ ‘Data Mining’ ‘Jiawei Han’ ‘Data Mining’ Year:>=2000
Bernstein concurrency Bernstein concurrency year:>=1970 year:<=1985
Ullman database Ullman database year:>1980 Year:<2000
‘Rakesh Agrawal’ ‘Data Mining’ ‘Rakesh Agrawal’ ‘Data Mining’ year:>=1997

‘Juris Hartmanis’ complexity ‘Juris Hartmanis’ complexity year:>1990

10 10
g 801 —e—Only text attributes 80
s 60" —=— Also numeric attributes g 60
R, ] —e—Only text attributes
5 4071 g 40 o
o - —#— Also numeric attributes
< 207 2 20
] ]
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
Top-k Top-k
(a) Average precision (b) Average recall
@) (b)
Fig.7 Numeric attribute’s impact on query effectiveness
7
43
3 SEEKER ”
DBLP
431 MaxCTSize
8 , 500 )
2,Top-k k 10. , MaxCTSize , ,
,  MaxCTSize 1 23 45 6 ,
, DBLP : 1
- 3000
—&—Response time
40001 —=—Results generator g 250
@ - 2000
£.3000 2
© = 150
EZOOO E 100 —e—Response time
1000 4 500 —=— Results generato
il . . - 0+ - T .
1 2 3 4 5 6 1 5 10 15 20
MaxCTSize Top-k
Fig.8 Effect of maximum allowed CT size Fig.9 Effect of Top-k
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432 Top-k Kk
9 Top-k k , 500 , 2,
4.k , 2
SQL
4.3.3
10 , 500 ,
4,Top-k k 10. , ,

Time (ms)

43.4
10
IR

Transaction
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