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Ontology Extraction Based on Interpretation of Table
Structures
Masahiro TANAKA

Abstract

The most of documents on the current Web are provided for humans, but
not for agents. Agents cannot understand web pages described in HTML and
keyword search is used for information retrieval on the Web To solve this prob-
lem, the concept of Semantic Web is coming up. Semantic Web enables agents
to understand the meanings of contents of web pages and make it possible to
search for web pages based on meanings. However, Semantic Web has not been
spread yet because of the high cost of metadata creation. Therefore it is useful
to translate existing data into ontologies using the structures of the data.

We propose a method to extract ontologies from tables using table struc-
tures. Tables are widely used because they are easy to construct and under-
stand. A large amount of tables such as price lists and timetables are available
on the Web. So it is profitable to extract ontologies from tables using the
structures of the tables.

Tables contains various structures. The structures of tables of Relational
Database are quite simple, but some tables have complex structures consisting
of cells which vary in size. Table structures represent relations between data
in the tables However, extraction of ontologies from tables on the Web have
problems as follows:

Ambiguity of table structures The relation between data which a table
structure represents depends on each table. The interpretations of table
structures are determined by the semantics of data. It is the reason ap-
proaches based on lexical features of data or a table cognition model extract
detailed relations.

Diversity of contents Domain-specific knowledge bases enables us to un-
derstand meanings of data in tables in order to extract detailed relations.
However, tables available on the Web often contain diverse range of con-
tents. It is the reason approaches using knowledge bases are not effective.

To solve these problems, we propose a method which consists of three steps



v

shown below:
1. Give an interpretation of a table structure
2. Generalize the table structure which is given an interpretation
3. Extract relations from the whole table

Giving an interpretation to each table by humans enables us to interpret
the table structure in each table differently. We give relations between some
data in tables as interpretations of the structures which contain the data. The
structures which are given interpretations are generalized in order to extract
relations from the whole table. On the basis of the observation of table struc-
tures, we generalize the table structures, which represent particular relations,
focusing on the adjacency of cells and iterative structures.

The contributions of this work are as follows:

Extracting Relations Based on Given Interpretation Our method ex-
tracts relations using interpretations of table structures given by humans
in order to interpret table structures differently in each table. This make
it possible to extract detailed relations which are available as descriptions
in RDF/OWL.

Applicability to Tables in Various Domains Our method is easy to ap-
ply to tables in various domains because it uses interpretations given by
humans and instead of a domain-specific knowledge base for understanding
meanings of data in tables.

We applied our method to many kinds of tables in order to show its use-
fulness and to clear up possible issues. As a result of our experiments, it was
clarified that our method can mainly extract relations between a property and
a property value and relations between a class and a instance. Additionally we
confirmed that our method can extract detailed relations using interpretations
given by humans compared with the automatic approach based on prior knowl-
edge such as table cognition model and features of types and location of data.
This shows that our method is suited to extraction of various relations which
are needed for descriptions in RDF/OWL such as property-property value pairs,

class hierarchies and property hierarchies.
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AMD
AMD2G4XPB |AMD XP 2400 2GHz $145.00
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INT2G6C1A |Celeron 2600Mhz $155.00
INT3GOP1B  |Pentium 4 3Ghz $479.00
INT32GOP1B |Pentium 4 3.2Ghz $699.00
CASE COOLING
FANG0BB Fan 60mm Ball Bearing $8.00
FANSOBB Fan 80mm Ball Bearing $8.00
FANL.RNI N "Antar" /1 1SAY ROrvm | I Fan ®14 NN
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Drives

Maxtor 3.5" IDE

40GB Maxtor Diamondmax £42.00 £40.25
80GB Maxtor Diamondmax £57.00 £54.63
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Rate(%) | Regular | Float
Regular Fixed Deposit Items & Period | Regular| Float
1 Year 5.25 5.25 3 Months 4.4 4.4
2 Years 5.35 5.35 6 Months| 4.95 4.95
3 Years 5.35 5.35 Fixed |9 Months| 5.05 5.05
Fixed Deposit Deposit | 1 Year 5.15 5.15
3 Months 4.4 4.4 2 Years 5.25 5.25
6 Months 4.95 4.95 3 Years 5.25 5.25
9 Months 5.05 5.05 Regular| 1 Year 5.25 5.25
1 Year 5.15 5.15 Fixed 2 Years 5.35 5.35
2 Years 5.25 5.25 Deposit | 3 Years 5.35 5.35
3 Years 5.25 5.25
(a) (b)
Tour Code DP9LAXO01AB
Valid 01.05.-.30.09.04
Class/Extension Economic| Extended
Adult| |[Single Room 35,450 2,510
- Double Room 32,500 1,430
=3 Extra Bed 30,500 720
Child| B[ Occupation 25,800 | 1,430
= No Occupation| 23,850 720
Extra Bed 22,990 360
(c)

0 18: Complex TableO O OO O

gbbogbogbobobooobboobboobbuooboboooboood
gobbboooobbbuoooobbbuooobobboooobobobooan
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gbbogboobbobooob-ogbboobbuoobboooboon
gobbooogbbobuoooobbboooboboooobobobooan
gobbobuoooobobobuoooobobon
5.1.2 000000
O00000O0000o00o0ooo0oooooooog2, 0)joooooo
gbobobooogbbbuoooobbboooobbogo
1-dimensinal table OO00O0O0O0O0O0O0O0OO0O0OOOOOOOOOOOOOO
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000000000000 0D0000D00 100000Db0b0000
2-dimensinal table 000000 0O0O0OOOOOODODOO1-dimensional table
00000000000 000O0O000O00o0ooOoo0oboOOoOooooOog

Jo0ooooooooo
Complex table 0000000000000000O00O0OON200000
O000b0ooooboooboooboo3sgooooboooboon
Partition label 0000000000000 OOODOOOOOOOOO
0000000000000 000O00D0DOO00DOO000O00DOn
0000000000000 000D00000D000DO00DO000O0d
0 18(a) 0000000000000 0ODODOO
Over-expanded label 0000000000 DOOOOOOODOOOOO
000000000000 00000000000D0oO0obOoood
000000000000 00000000000D0oO0obOoood
00000000000 ®h)ooooooooooooooooo
Combination 0000000000 D0O0OO0OO0OODOOOODOODOOOOO
0000000000000 0000 18(c)000000D0O0ODOO0
0000000 18(c)00D01200039000000000000O
Oooooo
000000bO0os0000000D00000O00bO0ODOoDOooOobooog
000000000000 000D00DO000o0ooooDooDooOOooooog
00O00,0000000,0000003000000000DO0O00000
0000000000000 0D00O0000bOooono WebOOoooooGo
000000000000 000D00DO000o0ooooDooDooooooog
000000000000 000D00DO000o0ooooDooDooooooog
000000000000 000D00DO000o0ooooDooDooooooog
000000000000 000D00DO000o0ooooDooDooooooog
0000000000000 000000ooooOoOO0OOOO RDF/OWLODO
000000000000 000D00DO000o0ooooDooDooooooog
0000000000000 00O0000bOo00Do0ooooooooooond
0000000000000 00000O000O00oo0oo0ooooooood
000000000000 000D00DO000o0ooooDooDooooooog
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000000000000 00O0DO00DO0000D0O0DOoDODOobOOobOOooOoDgd
O0O0000bO0oOWebODOOOOOOOODOODOOODOOOOODOOODOO
000
O00s5000000000b00sSo0oobOooobooog20b0nog
030000000000 b0000oboboog w»woooboobooooon
DO00DO0DOO00ooooo
5.1.3 0000
0000000000000 000000000000040000000
0000000000000 00O00000D0000 1-dim, 2-dmO0000 1-
dimensional table[] 2-dimensional table O 00 O O

U4 00000000

00 1-dim | 2-dim | Partition| Over- expanded | Combination
labeled | label

Ooooo 75 47 36 33 36

Opoooo(@Oo |5 30 21 20 10

000000)

goo-oood | o 0 33 2 4

0o

goooo 0 0 2 0 0

gooooon 0 0 2 3 0

040000000000 000000O0O0O00O0O000O0O0OOO0O00
o300 000ooooooooooooooooogn
0oodooooooooooooooooooooooooooooood

0oooooooooooooooonoooooooboooooooooo
0100000000000 o0oooooooonoooooonooon
sU0donioonoonooobooouoooog

dooooboooooooooooooogsogoog sgoooooon
0000000000000 0000 “Monday”, “Tuesday, “Wednesday” O [
0odoooooooooooodooooooooooboooooogd
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OO0000oOooOo 007, “0c0’00000D00DODOO0OO0ODODOOO0DOOgd
000000000000 000D000O0000DOO0DODO0oDOD0obOOoOooOonDd
O000b0o0ob0o0oboobgoo sbo0booboobooboobOon
000000 DO 2-dimensional table 0 O O O Over-expanded label O 0O 0O OO

gboobog

U5 0uogagbbobooagn

Monday | Tuesday | Wednesday
Morning | Clemens | Aaron Celine
Afternoon | Aaron Celine Clemens

OO00-0000000000000A0 Partition labeled 000000000
gbbodgugboboobooobboobo120bbooboboooboon
gobboooobbbuoooobbbuooobbboooobbbooan
goobbob 12000000000 b000000oobbobobboouooa
gobbbuooobbobuooooboboobbbuoooobbboooon

goobog

Over-expanded label 0 0 0O O Combination 0000000 O0O0O0O0OOO
000000000000 000DO00O0000DO0DODO0oDODOobOOooOooOonDd
O000o0obo0oooboooboooboooboobobooob ebbOlO
0000000 “Storage”, “Software” 000D O0ODO0ODO200000000
0 0 “Hard Drive”, “DVD ROM/RW”, “Zip”, “OS”, “Utility” O 000000

gbobboooooboodago

U6 0uooobboogogboo

Storage Software
Hard Drive | DVD ROM/RW Zip 0S Utility
Dimension8300 80GB DVD ROM 250MB | Win XP | Premiere
G310 Series 40GB DVD ROM 250MB | Win XP | Acrobat
PCV RS220 60GB 12x DVD-RW None | Win 2000 | Acrobat
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0000000000 000000O00oO0oO00bOOoooOooooOooooOog
goooooo7O0b00o0ooobOobOobooobooboobobooooog
00000000 v0b00Ol1goooooogn “Processor”, “Memory” O 0O 0O O
O000d20000000000 “Type”, “Frequency”, “Size”, “Characteristics”
000000000000 00O000D00bO0000D0DOO0oDOoDO0O0O0

O7no0boooboobooboobob

Processor Memory

Type Freqency | Size | Characteristics
Dimension8300 | Pentium4 | 2.6GHz | 256MB | DDR SDRAM
G310 Series Celeron | 2.2GHz | 128MB | 184pin DDR
PCV RS220 | Pentium4 | 2.4GHz | 512MB | DDR SDRAM
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1-dimensional table 10 1
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000000000000 00000D00bO0000D0DO0oDOoDO0O0O0
0000ob00oobooboobooboooboob0ooeboobooDOn
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0000000000000 000O000O0000DO0O0DO00DoOoooOooODn
(12000 00000000000000000OO0DODODOOOOOOOOOO0
000000000000 00O0DO00DO0000D0O0DOoDODOobOOobOOoooDgd
000000000000 00O0DO00DO0000D0O0DOoDODOobOOobOOoooDgd
000000000000 0D00000DbO0DOO0OD0OD0O0 420000000
000000000000 00O0DO00DO0000DOO0DOO0oDODOobOOobOooOoDg
000000000000 00O0DO00DO0000DOO0DOO0oDODOobOOobOooOoDg

Over-expanded label 0 0 0O O Combination0 0 OO0 O0O0OO0OOOODOOOO
O0000000000000000000000000000000O0[[12]00
000000000000 000DO000O0000D0O0DODO0oDODOobOOoOoOoOonDd
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o booggbbobuoooobboogogon

Storage Software
Hard Drive | DVD ROM/RW | Zip OS Utility
Dimension8300 80GB DVD ROM 250MB | Win XP | Premiere
G310 Series 40 GB Acrobat
PCV RS220 60 GB 12x DVD-RW None | Win 2000
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<rdf:Description rdf:ID="1i00">
<ex:hasName>OptiPlex240</ex:hasName>
<ex:hasCPU>P4 1.7GHz</ex:hasCPU>
<ex:hasRAM>512MHz</ex :hasRAM>
<ex:hasHDD>60GB</ex:hasCPU>

</rdf:Description>

<rdf:Description rdf:ID="i01">
<ex:hasName>Dimension8300</ex:hasName>
<ex:hasCPU>P4 2.4GHz</ex:hasCPU>
<ex:hasRAM>256MHz</ex :hasRAM>
<ex:hasHDD>80GB</ex:hasCPU>

</rdf :Description>

<rdf:Description rdf:ID="1i02">
<ex:hasName>Pavilion505</ex:hasName>
<ex:hasCPU>Cel 2.4GHz</ex:hasCPU>
<ex:hasRAM>256MHz</ex :hasRAM>
<ex:hasHDD>40GB</ex:hasCPU>

</rdf :Description>

2. gggbobooogon

“ex:hasCPU”, “ex:hasRAM”, “ex:hasHDD” OO OO0 O0OO0OOO0OOOOOO
Ooo0 «CpU”, “RAM”, “HDD” 0D OO0 30000000000000 “ex:” O
O0000000000000D000000000 “has” 0O00O0D0OOOOOODO
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