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A Relational Database Interface to Search Engines
for Processing Web Aggregate Queries

HIROAKI OHSHIMA," SATOSHI OYAMAt and KATSUMI TANAKA®

We propose a relational database interface to conventional Web search engines for process-
ing “Web aggregate queries”. Whereas the purpose of a Web search is usually to find specific
Web pages, the purpose of processing a Web aggregate query is to obtain aggregated infor-
mation from the overall Web. To process Web aggregate queries, we need several functions
such as (1) Web searching, (2) natural language processing for text extraction, and (3) ag-
gregation of data. Because a relational database system has a robust aggregation capability,
we implemented a relational database interface to conventional Web search engines with a
natural language processing capability. Using SQL through the relational interface, users can
formulate and execute several ad hoc SQL queries. Local databases can also be joined with
Web search results through the relational database interface. We describe the design and
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implementation of the relational database interface, and its applications.
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0 1 SELECT * FROM Search.url_title_snippet(’Kyoto University’, 2) 0O0ODO
Table 1 Example result of SELECT * FROM Search url_title_snippet(’Kyoto University’, 2).

row 1 | rank 1
url http://www.kyoto-u.ac.jp/index-e.html
title Kyoto University - HOME
snippet | The Kyoto University Website: an overview of
academic programs, campus life, research,
education, news, general ...
row 2 rank 2
url http://www.bun.kyoto-u.ac.jp/phisci/English.html
title Philosophy and History of Science, Kyoto University
snippet | Dept. of Phil.Hist.Science, Graduate School of Letters,
Kyoto University. Sakyo, Kyoto 606-8501, JAPAN ...

0 2 SELECT * FROM Extract_word_length(’Kyoto is a beautiful city’,
extractPattern) 0000 extractPattern 0000000000000
Table 2 Example result of SELECT * FROM Extract_word_length(’Kyoto is a

beautiful city’, extractPattern).

extractPattern

’Kyoto is <term>’ ’is <term> city’ ’<term> a beautiful city’
word length | word length | word length
a 1 | a beautiful 1 is 1
a beautiful 2 Kyoto is 2
a beautiful city 3
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OO0 <term> 00000000 O0OCODOOOOO
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OO0 length 0000000 20000000<term>
O extractPattern 0000000000 O0OOOO
10000020 0000000000300000O
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0 3 SELECT * FROM Cooccurring word_pos_location(’Kyoto
is a beautiful city.’, ’beautiful’) OO0
Table 3 Example result of SELECT * FROM Cooccurring_
word_pos_location(’Kyoto is a beautiful city.’,
’beautiful’).

word pos location
Kyoto NNP -3
is VBZ —2
a DT -1
beautiful JJ 0
city NN 1

2

gbooboooobooobooooooooobooo
gooo0oo0100000000000wWHERE OO
length = 1 00000000000000O<term> 0
extractPattern 0000000 0O0O0OOOODOO
gooooob100000

Cooccurring word_pos_location(value,
targetWord) 0000000000 O0O00O0O0O0OO
goooobooooooooooooooooooo
ooobooooboooooon valuedoooogad
targetWord OO0 O0O0O0OO0OO0OOOOOO
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gooooooooosoobooooooooooo
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SELECT cw.word, COUNT(cw.word) c
FROM Search_url_title_snippet(’Shibuya’, 100) ws
CROSS APPLY
Cooccurring_word_pos_location(ws.description, ’Shibuya’) cw
WHERE cw.pos = ’JJ’
AND cw.location >= -10
AND cw.location <= 10
GROUP BY cw.word
ORDER BY c DESC;

020000000000000000000 SQLO
Fig.2 SQL for obtaining typical impression of “Shibuya”.

04 DO0O0ODOODOODOODOOOOOOO
Table 4 Example result of typical impression of
“Shibuya”.

word

[¢]

trendy
special
new
Japanese
famous

‘M[\Dl\')ww%
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0000000 MtHeightFunc(@query) 00000
OoOoOoooOooo sSsQLuooooooodoood
OoODOD0O0OO 8s48000no

SELECT dbo.MtHeightFunc(’Mt.Everest’);

O0000O00OD0OO Mt.Everest height 000000
OWebOOOOOOOOODODOODODOOOODOO
metersd metresd mtrs D00 0O0000000O00O0O
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CREATE FUNCTION MtHeightFunc (@query varchar(50))

RETURNS int

AS

BEGIN

DECLARE €@h int;

DECLARE @sr TABLE (snippet NVARCHAR(1000));

DECLARE @wex TABLE (height float);

-- Web Search

INSERT INTO @sr (snippet)

SELECT snippet

FROM Search_url_title_snippet(@query + ’ height’, 100);

-- Word Extraction by a Lingistic Pattern

INSERT INTO @wex (height)

SELECT dbo.ToNumerical(word) FROM @sr CROSS APPLY

Extract_word_length(snippet,
’<term>(meters|metres|mtrs|mts| [mM] [\s\)1)’)

WHERE length = 1;

-- Aggregation

SELECT TOP 1 @h = height FROM @wex

WHERE height > O GROUP BY height ORDER BY count(height) DESC;

RETURN (@h)

END

03 000000000 0O0O00000ODOO0000DoDDo00
Fig.3 User-defined scalar-valued function for obtaining
height of a mountain.

05 OJ000O0O0OO0OO0ODOODOODOODOODOOOOOOOOO
Table 5 Part of extracted words and the numbers
converted from the words.

word ToNumerical(word)
8848 8848
in 0
2,500 2500
k 0
8848 8848
kilo 0
8844.43 8844.43
8,848 8848

0 5 0 ExtractedWordLength DO OO OODOO
OODODO ToNumerical 0000000000000
ocoooOoOooooooOOO00000o0000000
ocoooOOoOoooooOO00o0ooooooOooO
O000o000oo0Oo 8&Loooooooooon
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OO00000000000000000 Mountains O
OooDO0O0OD0O0O0000000D0 name 00000
ooooO0o0o0oO00oooobo0o0ooooobDoooo
ocoobOooooooooOOO00o0o0ooooobooooo
000000 SQLOOOOOODO MtHeightFunc O
0000000 SQLOOO0O00D0DODODOMountains
ooooOoOoOoopooooOoOooooooooood
ooooo
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06 OO0 Mountains O OO0OOOOO0OO0O SELECT
name, dbo.MtHeightFunc(name) height FROM Mountains
ORDER BY height DESC 000000

Table 6 Mountains table (left) and result of SELECT name,

dbo.MtHeightFunc (name) height FROM Mountains
ORDER BY height DESC (right).

name name hight
Aconcagua Mt.Everest 8848
Carstensz Pyramid Aconcagua 6959
Mont Blanc Mt.McKinley 6194
Mt.Elbrus Mt.Kilimanjaro 5895
Mt.Everest Mt.Elbrus 5642
Mt.Fuji Vinson Massif 4897
Mt.Kilimanjaro Carstensz Pyramid 4884
Mt.Kosciuszko Mont Blanc 4807
Mt.McKinley Mt.Fuji 3776
Vinson Massif Mt.Kosciuszko 2228

CREATE FUNCTION CoordinateTermsFunc (Qquery varchar(50))
RETURNS @Results TABLE (word nvarchar(100),
ca int, cb int, v float)

AS
BEGIN
DECLARE QagAfter TABLE (word NVARCHAR(100), ca int);
DECLARE @agBefore TABLE (word NVARCHAR(1000), cb int);
-- Web Searching / Word Extraction / Counting the Appearance
INSERT INTO QagAfter (word, ca)
SELECT word, count (word)
FROM Search_url_title_snippet(’"’ + Qquery + ’ or"’, 100)
CROSS APPLY Extract_word_length(description,

Qquery + ’ or <term>’)
GROUP BY word;
INSERT INTO @agBefore (word, cb)
SELECT word, count(word)
FROM Search_url_title_snippet(’"or > + Qquery + ’"’, 100)
CROSS APPLY Extract_word_length(description,

’<term> or ’ + Qquery)
GROUP BY word;
-- Return results
INSERT @Results
SELECT ta.word, ta.ca, tb.cb, SQRT(ta.ca * tb.cb) v
FROM QagAfter ta, QagBefore tb
WHERE ta.word = tb.word
RETURN
END

04 0O0O0ODOCOOOOODOOOOOODOOOOODODOOOOO
goooo
Fig.4 User-defined table-valued function for obtaining
coordinate terms.

SELECT name, dbo.MtHeightFunc(name) height
FROM Mountains ORDER BY height DESC;
Ooo0ooDoCb 280000000000000 Web
oooooooooooooooooooooooo

ooboOoooboooooooooog
53 0D0OO0ODO0OOODOOO
0400000000000DODODODODODOODODOO
O00000000O0D00ODO CoordinateTermsFunc
(equery) 00 OO00O0O000O0O0O00OO equery O
OO0 Ferrari 0000 “Ferrari or” 0 “or Ferrari” O

OO0 200000 WebOOOOoOooooooood
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0 7 CoordinateTermsFunc 0000
Table 7 Example result of CoordinateTermsFunc.

Ferrari

word ca cb v
Porsche 11 14 12.4
Lamborghini 8 10 8.9
McLaren 5 2 3.2
Renault 3 2 2.4
a Porsche 2 2 2.0
Aston 3 1 1.7
Paris
word ca cb v
London 8 23 13.6
Frankfurt 4 4 4.0
New York 2 5 3.2
in 2 3 2.4
Amsterdam 2 2 2.0
Venice 1 2 1.4

0000000o0o00Oooooooano Ferrari or 00
O0O00000or Ferrars OODO0OOOOOODODOO
gO00o00ooOobOOoOooObDorObOODOODbDOOO
goooobooooobooOoobboOoooobooo
ooooooooo
0 7 0 CoordinateTermsFunc DO O OOOOO
00000000000 cald or000O0O0ODOOO
co 0 or00000O0DOOvOOOOOODODO
ooo
54 WebOOODOOOOOOOOOOOOOOO
0000ooooo0oooooooooooooo
O00o0O0O0O Ferrer OOOOOODOOOOODO
O0o0o0O0o0ooooo sQLOoooogoooooog
SELECT docid, title
FROM UserDocuments
WHERE title like ’%Ferraril,’;
08000 SQLUIODDODOOOOOODODO
CoordinateTermsFunc 0O 0O 0O O 00O Ferrar: O O
00odooDoo0ooooooobOooooogon
00o00d0oooooDoooooooooooooo
0000 Ferrari OO0 O0O0O0O0ODOOOOOODOO
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08 Ferrart 00000000 O0DOOOODO
Table 8 Example result of searching for documents about

Ferrari.

docid | title
1 History of Enzo Ferrari

4 Scuderia Ferrari- Formula 1

09 Ferrart 0000D00000D0O0DOODOOOOOO
Table 9 Example result of searching for documents about

rivals of Ferrari.

docid | title
2 | The Excellence of Porsche

8 | Lamborghini Gallardo Superleggera Coupe Specs
5 | McLaren MP4-21 Formula One car
7

Renault Sales, Servicing and Used Cars
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Table 10 Difference between related works and our

system.
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Table 11 Difference of code lines between a programming
language and our system.
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