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Abstract We present a wrapper generation system to extract contents of semi-structured docu-
ments. In addition to input documents, our system receives a set of symbols with which a delimiter
string must begin or end. We assume that input documents contain instances of a record. Wrapper
generation is done automatically. The system outputs a set of pairs of left and right delimiters
each of which surrounds instances of a field. Our system treats semi-structured documents just as
strings so that it does not depend on markup and natural languages. We show experimental results
on text files markuped in HTML or XML. Contents of them are written in four natural languages.
Some of them are dynamic pages, that is, produced by a search facility, and the others are static
pages. In addition to usual contents, some generated wrappers extract useful information hidden
in comments or tags which are ignored by other wrapper generation algorithms. Some generated
delimiters contain whitespaces or multibyte characters.
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procedure CreateRules (var D:

E = (E1,E): B81Y XFESR);

var i,n,a: integer;
var R: /I—EE;
var r: T XA MES;
begin

n,a := FindOptimal(D); {2.2 %}
r := DD (n,a) IZBIT DLV VOHESE;

for i := 1 to |D| do
r[i] := D[i] ? (n,a) ICBIF DL Y,
end;

R := rule(D,r,E); {2.3fi}
REORE2N—NEHEHIRR; {2.48 }
N—Na i {2.4 8}

R&ZH;

end;
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#£1: ERICHAWEZ 1394 FDY R b

ID | URL (858 | #[%47
HTML
altavista http://www.altavista.com/ REE 17 | BR#&E
freebsd http://docs.freebsd.org/mail/ o 49 | A=
ftd http://www.ftd.de/ FAYEE | 101 | ==2—2A
java http://java.sun.com/j2se/1.3/docs/ KR 30 | v=aTn
lycos http://www.lycos.com/ W 50 | MR
peopledaily | http://www.peopledaily.co.jp/ FEE 127 | =a2—2
redhat http://www.redhat.com/mailing-lists/ BEE 50 | A—
reuters http://www.reuters.de/ FAYEE | 50 | =a—2A
sankei http://www.sankei.co.jp/main.htm B AGE 108 | =2—2X
yahoo http://www.yahoo.com/ WE 45 | Bk
XML
kyushu-u - A A<GE 50 | T—#N—2R
mainichi http://www.mainichi.co.jp/digital/newsml/ | HAZE 470 | =2 —2R
sigmod http://www.acm.org/sigmod/record /xml/ BEE 50 | 7F—FX—2
K 2. EBHER
D | 74— F (HiE) | Bvi | Ev,
R —
ftd ZA FVv(0%). RHL (100%). LFEH (100%), &< (100%) | 6 5
java 7 7 A4 (90%). BAT (100%). &Y & (100%). A3 (100%) 1 2
mainichi | L U (100%). B{T(100%), ¥—7— K (100%). AX(0%). | 1 | 0
BOEEEE (100%). (Bld) R L (100%)
peopledaily | #4 kv (100%). B (100%). RH U (98.4%). A3 (99.2%) | 4 2
reuters RH L (100%). B{FiT (100%). A<3C (100%) 4 3
sankei RHL (100%). 7 RHL (100%). A (100%) 0 0
BEYN—
altavista Z4 bV (100%). EE (100%), URL (100%) 7 4
lycos ZA bV (100%). EE (95.5%), URL (100%) 5 3
yahoo Z 4 kv (100%). EE (100%), URL (100%) 7 |11
freebsd Date (100%), From (100%), To (93.9%), Subject (100%), | 0O 2
Message-ID (100%), A<3C (100%)
redhat Subject (100%), A3 (98%) 3 8




% 3: “mainichi” 7 —4% v hMhOLAERINKET v /38—

[74—WF XE Y F (LBRABE, TERAERXYEY XF)

B 1 < /HeadLine>\n\t\t\t\t<DateLine> .
< /DateLine>\n\t\t\t\t</CreditLine_xml:lang="ja" >
ulu

A2 </p>

PR \n\t\t\t\t<KeywordLine>
</KeywordLine>\n\t\t\t\t</NewsLines>

S D— 9 <midasi>\n\t\t\t\t\t\t< /kanrenmidasi>
< /kanrenmidashi>\n\t\t\t\t\t\t< /midasibun>

EHRLTLTHEDIELN THAEAXTREEN
TWBZ ERDND, ZDEIRA—NMT, T ysS—
A A7 5 SCOOP [9] bESH T, DT »v/3—4
BT AT XAATEEDZ EBRTERN,

INHEDOAL—=NF 200 Rf, 2200F—U—FK
T 4= REREEETH, AXEMHT L —1 524
RT&TW2w, ZRHIE “mainichi” DAL % FHTeC
FHE, BaBRALET v —0ERICRERH B,
ZOF—FEy b T, AT “\n<p>" & “\n<p>”
KHERLTWS, ZRLIIRILXES|ITHEID, 7
NIV RALZLVEVWRG Y XFEROIT LI &
%, LML, BRI XFERELLLIETHE, 7
BRREAINEL ., BY LRV XFTEROITS
TEBTERY, FHN—CORER (R 2) IKBNT,
BENO/ Ak b EeRoTWH L ZAIRFEL LS 22
FERTH .

# 41% “sankei” F—F vy FbERENT-T v
R—THB, “sankei” T—HF v MIFHHATIHENO R
D, FRETEFTIIRHE L EAINERSB, 2L,
PT7RHLEHZ LD LR EDLHD, 26774
MIFTRELEREE RV, ZOBE, RikEzARK
I XFELFELTHWARNOT, HMARBALR 5 v /i—
TIRIDOEDIBRANERD ZENTERN, £t T
RHLAHIHETH, BEISEDYHD, 21774
I 20V TRHELEHY, 27 74 ME32DH
TRHLBHY, BODT 7 AMET1>OF7RHL
Bhpd, THAITYXAZ, S7RELEZRALNV—LE
ROF2ZENTETND, LT, A VRAZVAD
B ER T, A VR ABRLRVEE LRI <
IW—IVDERBRTEB I ENGID,

B AT ANA PXFETHY, RH LTI
FLLTHEDRTWS, ZOL 2, ¥ 7 DESIET

SEBRICIZAGT -4,

TR, AT UYEIOXFTH-TH, BREST
HET 2 EROXFININ—LO—EIZ2 Y 5 5, 12
RBURAT A, EECEEE T2y T YO
FIO—EEL—NE LT ZEMNTE B,

3.2 BMN-—O

B R— L LT3 2DFLRKE P20
DA—NT—HA T DY A bERANWTERETRoT
(& 2BM), REZ I O/RIZIT, RO Tz~_—
oA b, URL, R—V OB~ NEEN
Do oy A=NT—=HA TDESR—=JITIFA—NLD
AX, BTV b D (A—ND)~y FBEEN
b, R21Z, INHOBHR—U R E LI-EBRD
BRETRT, RETELRVLOD, FRLLEVEES
RLTWS,

fiiZ “sigmod” & “kyushu-u® &9 2 2DF—%
Ty bEHAWE, ZhbiEEBLE XML 7741
T b, “sigmod” 7—#t v bk “ACM SIGMOD
Record: XML Version” MHUE L, 1 La— Rk,
RMIXDEA PN, BEL (BEROBELH D), &5
F, HBRUKRTRX—VESTHD, BRETALIY X
LT, TNHFTRTOT7 4 — FEfi+ 10— %
ERRTE, Fi-, FEA LB b5 ID 55 XML
DE IO, Eiz, 77 ANVOERBERB AL b
DOPRIZENTHo7=2, Zhb bR HTE -,

“kyushu-u” 7—# v MIAMKEORET — %
NR—=2Z2D XML 77 ANVTHD, 1 A3 (1 va—F)
B1T77ANTHY, 4L, R, FAL, A—NT K
VA, (R OF—4BEEND, ZOT77ALD
B L LT, 27 DARINBARFEBEEATNDZ LN
Fifond, XML TiE, 2O LS ICBRIZY 7%2TE
FTEDOT, RIZFZ T LR RWE I R2T vr—

-



X 4: “sankei” T—HFt vy b OLAERINTLT v/3—

[ 74— F [ REIY XF |
B L <font color="#8b0000"> M </font><b>
< /font><b>
. \n<b>
rZAML <BR></b>
i <BLOCKQUOTE>\n\n
A
<p>\n\n\n

ERTNTY ALATHEERLBZEETH D,

4 BHYIc

ERETIE, FoX—ERTNVITY XLEREL,
ERTHT v —d, RLMEHEARLR 7 v /35— X
N5L0OT, ELHAEDEYY XFTarrryzHE
DR TH D, KUY XFOKY) & REDOIFEUSNMC
X, AHTFA MIBET2MBIITRE T, EEDOEHE
BT X2 MOERFRETH D, AFETIE, XML &
HTML (283 5 EBRERE BN L,

ERENZT v =2k ), BINR—TFET T
2 DT =T NTY RAPREF LT B
M7= hbbars oY OREBRTSR S 2 &R T
-, EBZ, AV MREZ ZONEMNS bIEHRMH
MARETH -1,

S5 XAk

[1] N. Ashish and C. Knoblock, Wrap-
per Generation for Semi-structured Internet
Sources, Proc. of Workshop on Management
of Semistructured Data, 1997.

[2] D. Buttler, L. Liu and C. Pu, A Fully Auto-
mated Object Extraction System for the World
Wide Web, International Conference on Dis-
tributed Computing Systems, 2001.

[3] C.-H. Chang and S.-C. Lui, IEPAD: Infor-
mation Extraction Based on Pattern Discovery,
Proc. of the Tenth International Conference of
World Wide Web (WWW2001), pp. 4-15, 2001.

[4] D. W. Embley, Y. Jiang and Y. -K. Ng, Record-
Boundary Discovery in Web Documents, Proc.

[5]

(6]

[7]

[9]

(10]

— 14 —

of ACM SIGMOD Conference, pp. 467-478,
1999.

D. Ikeda, Y. Yamada and S. Hirokawa, Elim-
inating Useless Parts in Semi-structured Docu-
Proc. of the
Fourth International Conference on Discovery
Science, Lecture Notes in Artificial Intelligence,
Vol. 2226, pp. 113-127, 2001.

ments using Alternation Counts,

N. Kushmerick, D. S. Weld and R. B. Dooren-
bos, Wrapper Induction for Information Ex-
traction, Intl. Joint Conference on Artificial
Intelligence, pp. 729-737, 1997.

N. Kushmerick, Wrapper Induction: Effi-
ciency and Expressiveness, Artificial Intelli-
gence, Vol. 118, pp. 15-68, 2000.

K. Lerman, C. A. Knoblock and S Minton, Au-
tomatic Data Extraction from Lists and Tables
in Web Sources, Adaptive Text Extraction and
Mining Workshop, 2001.

Y. Yamada, D. Ikeda and S. Hirokawa,
SCOOP: A Record Extractor without Knowl-
Proc. of the Fourth Interna-
tional Conference on Discovery Science, Lec-
ture Notes in Artificial Intelligence, Vol. 2226,
pp. 428-487, 2001.

edge on Input,

Y. Yamada, D. Ikeda and S. Hirokawa, Au-
tomatic Wrapper Generation for Multilingual
Proc. of the 5th International
Conference on Discovery Science,

Web Resources,
Lecture
Notes in Computer Science, Vol. 2534, pp. 332—
339, 2002.



