0000 (2000) 00O 000’0000
048 0 0O 20 289-310 oooooo

gobobogdbogbobodn

ooood0O0O0oOOoo
oooopoooBO0OO0O0O0O
ooooooooEO00O0O000
ooooB 000000000000

(0D 20000 50 20000 20000 80 210)

goooo

gbobooobooooooooobobobooboobobobooooboobobobo
gboboooooobooobooboobooboboboboboboooboooooboboboon
gbboooooooooboooooooboooobooboboboboobobobooooonn
gboooooooooboboboboboboboooooooooooobobooboon
gbobooooooboooobobobobobooboobooboooooooooboban
gbooooOobobooboobobooobobooobogo

gboobOobooooooooooooooooooobooobooboooobOoboDbo
gbobooooooboooobooboboboboooooooooooooboboban
gboboooooobooboboboboobooobooooooooooobobobobon
gboooooooooobooboboboboboobooboboooooooobobobon
gbobooooooboobobobobobooboooooooooooooboboban
ooboobooooboobooooooooobobob 2000000000000
00000000000000(1) 000000000000 0ooooooooooooo
(200000000000 0O00O0O00DO0O0OO0OOO0OOO0O0OODOOOOOODOOO
000@3) 0000000000 oO00o00oU0L0Oo0DUOo0oUoOO0DoOOooooOooo
gooooooooobobobobobobobooooooooooooboboobon
gboboooooobooobooboboboobooooobooooooooooooobobon
gbobooboobooobooboboobobooooboooobobooonog

obOobobooobooboooobobooooobooooboon

1. 0000

go0og8bOoO4s00d0fbooooopoooooooogoooceb-rOMOOOOOOOO
gboboooooobooobooboobobobobooobooobooooooooboboboon
oooooooobooo

‘D000000000000000812-8581 0000000 6-10-1.
*0DO00008380141 00000000 2409-1.
**0popoD0os815-8510 00000000 1-1-1.
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gboboooooooobooboboboobooooooooooooboobobOooooon
gbobooooooboooboobooboboboboboobooboooooooboboban
gboboooOobooboobobooboobooooonoo

e NUUDOUOODLOODLODOODODO
e NUUODOUODODLOOODLDOOOOOONO
e JJ0O0OOOUD (CO)ODOO

o000 ooo
Jooodoooooobbbobbbobododoooooooooobbooboboobog
Jooodoooooobobobobbobbboobdodooooooooboobobobo
goboooodoobbooooooobuooooooboo
gooboddddoooooooooooboobobbobobobobbobobboooood
goooooobbobobobobobobododdooooooooobbooboobobobbog
gobdooboooobooobuoobooob bbb ooobuoooon
gooodoooooobboboobbbobododoooogoooobooboobobobog
gooooooobobobbbobbbotbdodooooooobooboobobobobog
goboooobooobboooobooobb oo booobuoooobooao
Jooooboboboooooooboboboooooobobo
gojjooooooobobobobbdddooooobobobbbbooood
goooddoodoobbooooooooobododdd0oUUuoboobo
Jooobooobodbboobbooooobboooobooboboobboooboo
O000O00000000000000000 (learning by examples; e.g. Laird (1988))
gobbodoooobbooooooobuoooooooo
goooooooobobbooooobboooooooob oo
Jgoooooboobooooboooboooobboooooooobooobooboboon
gooboooobooobboooobooobbooob oo ooboboooao
gobdoobboobobooooobooobbooobooooobooobuooon
gooodoooooobbbobbobobotbododdooooooobooooboo
bbb uoooobuoobbooooboooobooobuooon
0000000000 @O0000000000o0oUooO0oUooooooooooOo
oo oobobboobooboobo
0000000000000 000000o00oooo0ooooooooooo
gboooooooooobooooboooboooobooobobooooooa
oo obobobobbobbobbbbobbboobobbbo
gbooobooooobuoobooobboobbuooboooobooobooon
gobodooooboobbuooooobbooooobbuoooooon
gl oboobbobboboog
gbooobboooobooobuoobooobboobboooboooonbuooon
goboooooobuoooooooooobooboooooboooooooog

1. 000obOooocooOoboooobobooooboooooboobooogon
2. 00ooboooboobOoboOooobOoboobOobooboobDOoboooooon

ugbooaobooaod
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ggooobooooboooboooooboobuoobboobuoobbuoobuoobboa
100000000 5rS-r-700iobooboouooobooboooooooooonboon
gboboooooooooooobobobobobooooboooooooobobobon
0000 (regular pattern; Shinohara (1982)) 000D 00000000000 OODOOO
gboboooooobooooboboboobobooooooobob 2000000000
gbobooooooboooobooboboboboboooobooooooooboboboon
(order-free pattern) 00 0000000000000 0OOOOOOOOOOOOOOOO
gbobooos3goboooooooobob 200000000000 000000000
boboboboboboboboboobooboooooboooboobooooobooobooobon
gooooobbobogd

gboooooobobonooobooboooobobooooboboooooobo
gbobooooboooobooboooobobooooboboo

e NUUDOUOODLOOOLODOODOODLODLOOO
o NULNDOUOOOOOOODLOOUODLOOODLOOODLDOOOLOODOOUODLOODOOOOODDOO

gbobooooooboooobuobobobooboobooooboooooboooooobOobon
gbobooooooooooooboboboboooooooooooooboboboon
gboboobobobo3sbooooooboboooooboboboboobooboobooboooo
gbobooooooooooboobooboboboooboooooooooboboboon
gbooobooboooooboood

gbobooboobooooooooboboboboobooboobooboobooboOoboDbo
bobooooooooooooooooooooooooooooooooooon
gbobooooooboooobuoboboboboboboboOmoobooobole2b oo
oooOooooosssmoboooboobooooooboooooobooboooobooon
(0O (20002))000000000COOOODOO0OOOO0OOOOOOOOOOOOOOOO
bobooboooboooooooboooobooooooobooboooboOoboooag
0000000000000000 (00 (20000b)00000000000000O0O00O0O
goooboooooboboo

goo0opoooooooooocecb-rROMOOOOOOOODOOOOODOOOOOOO
oboboboobooooboooooboooooobooobooboobooboobooboooooboon
goooo

2. OO0OOO

gbobooobooooooooooooboboobooboobooboobobobobo
gboboobooboboobooboobobooooooboboooooobmoooon
gboboooooobooooboobobobobooboooooooooooooboboon
oobobobobobobobboboobobooooboboobobbobobobobooboobDoon
gooooboobobooboooooboboooobooooobooooooboooboooon
bboobooboooooooboooboobooboooooboooboooboOobooonoag

goooboobooboooooooboboobooboooobobooooboboOooobobobooo
000000000 0oO00oOo0U0Oo0oU0OoOo0oOoO0DUoOOoUoOOoUoOOO (DoOooo
0)000000o000O000O00OUOU0O0O0O0OO0O0OO0oOOoUOoOooUDOoOO
ooboooooobbooboooooobobooboobo0ooooboooboooon
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ooboooboobbooobobooboooooboooboboooboboobooooooOo0s-7-5-7-7
boooooooooooooooooooooooooooooooboooboOobon
gboboobooboooooboooooo

0oooo0/o0o0o00/o0o0o/ooo0o0/ooooooo
gooooilio20

0000000000000 0O0000D 8rr-933) 0000000000 OOOOOO
gboboooooooooobooboboboboboooboooooooooobobon
gbooooOooooooboboooboboooooobooooobobon

0000/00000/Oo000o0/o000000/o00oooo
goooosss O

00000000000000000000000
oo...)0000-.-0/00000/---/---000

goboobooobOooboooobooboooobooobooomobomooomobooon
00000 [{ij00000000000000000000000000000OOoUo
do0o0obobooboobooobogsss oo ooooooooboon
gbooboooobooboobooboooboobooboOooooboobooooon
bobooboooooobooooboboboboobobobooooooooboooooboon
oo obobbobooooooooobooooobobbobobbobo
gbooooobooooboboooobobooooboobobooooobooon
gboboooobooobooooboboooboooooooooooooooooooooo
000000000 (0)000000000oo0oooooooooO (OO0 O (1999),
Yamasaki et al. (2000))000000+00«00000«000000000000000O
000000 O (1999), Yamasaki et al. (2000) 0000000000 (Rissanen (1978))
000000000000 (Brazmaet al. (1996)) 00 0000000000000 0O0O0O
gbobooboobooboooobobooboooooooboobooboOobooboOobooboOonoon
gbooobOobooooboooobooooog
gogodooooooboobooboobobbuotbdooooobbobobbbbbuobouoda
goboobbOobooobooobobooobooobobooobooooboooooboooooan
gboboooooooooooooooobobobobooboooooooboooboooboon
goooobobobdodooooonbbobodooooooooobbbbuoooobbbo
gbobobOoobooboooooobooooogsssbbonoooooooobonon
gboboobOoboobooboboobobooobooonoo

3. 0d

3.1 00OO0OOOODOOO

gbobooboooooooooooboboboooboobooobooboooboobobono
000000000000 (tagged corpus) 000000000000 OOOOOOO
(1999) OO08O0O0OODULDOOOOUOLDODOOOOODOOOOOODOODOOOOODOOO
gboboooooooooobuoboboboboooboobooooobooooooooboon
gboooooooobooobooooboboboobobooooooooooobobobon
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ooboooobooobooooboooboooboboo 4000000000000 0D0DO00D
gboboooooobooooobooboboboboboobooobooooboooobobobon
gboboobOobooocoblioboboooboobooboobooooobooboooooonbo
gbboooboabbooboooboboobooboboobooboobboooobooan
gbobooooooooooobooboboboboooooobooooooooboboboon
goood
ggbooboooboobooboobbobboobooobgoobooboan
gboboooooooooooboobobobobobobooboooobooooooboboon
00000 (ambiguity) 000000000000 0ODOOO0OOOOOOOOOOOO
gbboobooobooboobboobuoobooobooboobboooobooan
gbobobooboobootbooboobobooooooboobooboobooboobooobon
gboboooooooooooboobobobooboooooooooooooboboboon
ggboogoboogboboobooobooboobboobooobooboobbaa
gbboooboabbooboobboobooboobbooboobboooobooan
goooo
ggbooboooboobooobbobbooboobboooboobooboan
gbgbobobobobooboboobooobobobooooboooooooood
bobobobobobooooooooooooobooobooboooooboooboooboon
gbbooboaoobooboobbooboobbooboobbobbooobooan
gbboooboaoooogobooboobboobooobodoboaoboboooooan
bobooboboboboboboooboooobooboobooboobobOoboobooboon
ggbodabooaboooboooboobbobbooboooboobboooboa
gbboooboabooobodabbooboobooobodobbobboabogan
gbobooooooboooooobobobobobOooooooooooboooooboon
000000000000 0000U0o000Uo00o0Uo00ooooUooooooo
gbbooboaobooboobobooboobbooboobbooboaoboan
000000000000 0o0oO00OooOO0oOoUooOooUooOOoooooOoD
gboobgbgbboobaboooooouobobboobobobooooooboban
gbboogoboooboobooobboobuooboobobooboobboooobooan
gboboooooobooooboobobobobobooooooooooobobobaoon
gbbogoboaoobooboobbobboobooobooboobboooonoan
gboobobobooboooooooboobbooboboboboboboboboan
gbobooooboobooboboobooboooooobooboooboobooooobon
guooboobobboooboaobbooboobobooboobbooboobobad
ggbooooboobobboobbooboooboobboobboobbooobgaa
00000000000 (1999,2000) 00000000000 OOOOOOOOnOOO
ggbooooboobobboobboogobboooboobboobogooboobbgad
000000 (1999) 00000000000 0000000O0OO0O0OOOOOOO0
gooooooo

e JOODOODODOODODOODOOD

e JODOOOOOOOODDOOOOOOODDOOOOOOODOOOOOOODODO
e JOODOODODOODODOODOOD
nO00000000000DO00O00O0000000bO0000000bO00AO0
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gbooboooboobobooboo000000O0OO0ODOODODODODODODODODO
gbobooooooboooobooboboboboboooooooooooboboboon
bbb n0dbOO0OO0OO0O0ODOO0ODOOOOOODOODOOOOOOOODOODOOOODn
obobobooooooooooobobobobobobobooooboooobooooon
gboboooooobooooboooobobobobooobooooooboboboboon
bobobobobobobobobobOobOobOobOobooboOobooboooboobon
O (stringology) 00 0000000000000 ODOU0O0O0OOOOOOOOOOOOON
gboboooooooooboooboobobobobobobooboboooobooooooboboon
goooooooo

3.2 00OO0OOOODOOOOOO

00000000000000000 (learning by examples; e.g. Laird (1988)) 00O
0000000000000 00000000000000 (O)ooooooooo (O
0)00000000000000000000000O00000000O00OooOUoOoOo
gboboooooobooooboobobobobobooboooooooooboboban
gogooobbboooooo

1. 00OoOoO0ooooooooooobooooobooboooooboooooooboobooooo
2. ogoooooboooooboooboboobooooboboooobooobobooboOooboOoon
gboooood

lgbobooobooboboboboooobooboobobobobooboboboba
gboboooooobodgbobooboobboboooooobobooboooooood
bobobooooobooooooooooboobobOoooooooooboooooboon
gbbogoboabbooboobbooboobbooboobbobbooobooan
gbboooboabboobooobbooboobbooboobbobbooobooan
0000000000 000O00D0O00D000000 (weighted edit distance) 000 00O
gbboooboaoobooboobbooboobooobodoboobbooobooan
gbboooboaooboobooobobobbooboooboobbobbooobooan
boboboboobooooooobooooboooooobobooboobooobooboon
gbboooboaooboobooobobobbooboobbooboobbooobooan
gbboobobooooboboboboboboobooboobooogad
gbobo20000000000000000O000O0O0O0OO0OOOOOOOOOODOO
ggobbooobuoooboooboboobboobooobboobbooooboboaa
gbboooboooboobooobboobooboooboobbobbooobooan
gboboobobooobooooboobooblcooobbooboooobobooobognn
obooo0o0owobobooooobooboobobooooooooboboboboobooogon
ggbbooobooboobooooboobbooboobooobooboobbaa
gbobooooooboooobuoboboboboobooboobooooooooboboboon
gbboobooboobgoboboaoboaoboaobooobooogaoon
ggboobobooboobooobbobbooboobbooboobbooboan
gbobooooooooooboooobobobobooboooooooooooooboon
gbbooboaooboobooobbuooboobooobodoboobboooobooan
gbooabooan
gbobooooooooooboboboooobooboobooboobobobono
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ggboobooabboboboobboooboobbooboobbooboobbaad
gbobooboooooboobooooboooon

4. OO00OO0OOOOOOOOO

gboboooboooooooboboboboobooobooboobooboobobobo
gbobooooooooooboobooboobobobooooooooooooobobon
gboboooooooooobooooboboboboobooooooooooooobon
goooooooboooboooboboboboboboobooboboooooboobobobon
bobooboobooboooobooboobooooooooooboobobooboooboobon
gooooood

000000000000 00000 (Co0oO0)ooooOOoUoooooooooooo
000000000 (Tamariet al. (1999))0 0000000000000 0O0O0OO0OOOO

e NUUDOUODLODLODODLDODLDOLOODLOODLOODLOODLOODLOOO

e JO00ODOODOOOOOODODOODODLODOOLOOOOODODODLDODOOODOO
ooooog

0000000000000000000000000000000000000000
00000000000000000MIDIODOOOO000000000000000
0000000 (00 O (2000)0

4.1 00000

gbobgbgboboooooboboboaboobobooboooooobaono
gobooooooooobooobooobbooobobooobooobooooooobon
gboboouobooooboooooooboooooooooooogbooaoaood
gbgbobaboboboobobobooobobobobooobobobobaoona
0000000000000 00000000000000000000 (edit distance)O
gboaobooaboobogoogn

ggbooboooboobooobbobbooboobboooboobooboan
gbooobOobooooboboooobobooooobooonoo

e 0 O0OOO (insertion)d
e 00000 (deletion)d
e 0000 (substitution)d

00000000 acdebal abdac0 0000000 400000 (a)DOODOOOO
gtoooooooooooobooboooooooobooooobooboooooooooon
ggboooobgobooboboobbobbooboobobooboobbooobaa
0o0o000b0o0O00bO00bO00boO0b00O0o0bbo0o0b0DD acdeball 40000
00000000000 abdec000O00O0OOOODOOOO 1(a)0000000O0OOO
00000000000 (alignment) D000

gbobgbgboboboooobobobooobooobooboobaobaoban
00000 2000000000000 1(b)D0O0OOU0OO0OODOO0OODOOOOO 1(a)
000000000000000O0 ¢, p00 (M) 0000000 0OO0OOOOOOOOO0
gbogbooogboooobobbuobooboboboooaobosbuobgoooan s
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acdeba ac deba acdeb a

[ [ I |

abd ac a bd ac a bdac
(a) (b) (c)

01 00000000

000000 s5000000000000000000O0O0O0O I(c)bOOOOOOO
0000000000000 000000O0eald0O0()0 (b)00O0O0O0O00OOada
doooooobbobbbbbbibbbiOb abal adaD 000000000 acdeba
abdac 000000 (common subsequence) 00 000000000000 O0O0O0OOOO
000000 (longest common subsequence; 00 LCSOOO0OO0O0)00000000O0OO
goo00doOoLCcSOobo0opooDOooooooboooDOooOoooonoooooogon
gooooO0oO0O00O00OoOoOoOoOO00O0O0OooOoOooooOOoOoOoOoooOog Leson
20000b0oo0booboobOoobuobobOo0obOoobOooboobUoobUoobon
ggoooooooobobobobbotoodddooooooobobobboboboboo
000 (Hamming distance) 00 0 0000000000000 0O0O0OOOOOOCOOO
good

000000000000 0000o000o0oo00oDoOO0o0o0o00  DNAODODDOOO
000000000 (eg. Gusfield (1997)) 000D 0O0O0OD0O0OO0O0OOODOOOOOOO
goooobooobobooboooboobooboooboobboboboobnoboon
gogooooooobooboobobobbbotbdoooooobbobbbbobboo
0000000000000 00000O000000O00DO000DOD00DDOD eO0ODO B
000000000 0(e,b)0 00 «O0O00O0OODO0OOO 60(e,e) 000000 «O0OOO
000000 é(e,) 000000000000 0OO0OOOOO0OOOOOOOOOOOO
0000000000000000000000000000 (weighted edit distance) O
o00o0ooOoooooOoUooDooOo d00oO0UDoOoDOoUDOOoOooDOon

00O0ODNAOODDODOOOOODOODOODOOOOO0OO0O0OoOoooooooooo
000000000000000000000 1(¢)00000000 cde0 0000000
000000000000 0000000000000000000000O (gap penalty)
goboobodbooboooboobodbuoobooboobuoobbobboooo
00000000000 (affine function) 00 00O (convex function) 0000000

4.2 0O0OOO0OO

gbobooboobooooooobobobobooboobooobooboobooboOobobo
oboobooobooobooooooboobo4100b0b0obooobooooboobogon
gbobooooooooooooooooooobooboobooboboobooboobon
obooooooooooobobobooobo 1bobobobooobooboooboooboOoon
gooobooooon

gbobooooboooboooooooooooooooobooobooooboooooa
gooooobooooboboobobooooooboooooboboboonog

e JO0ODOODOOODODLOODODOOD O
o I00D00DODOODODOOLODOODOLODOODOODO o0
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00000000000000o0o00o0oo0o0oo0o0oo00ooU0O (oooooo X
O000«x0 000000000 YOOOOOUoOoOooooo)boooooooooo
gooooooooOoOoOOO0OOOOOOOOOOOOLCSOOOOOOOOOOOO
000000000000 acdeball abdac 0000000 axdxax0 000000000
gboooooooon

YoooooooooooXooooooooooo x>»o0oopooooo eb0nooog
Yt=x*-{c}0000000000 XY00000 ‘00 (description) 00000000
O-00000«00000 L(rO0ODOOOOOOOOODOOO0OOO0-0000 weX*
O0000000weL(r)00000O000. 00000000000 z,yeX*00
00000000000« 0000000000O0D0000O0z,ye L(x) 0000000
0000000000 ROUOOUOODODOUOOOODODOOUODOO (OODOOO)ODoOoO
goooooooooo

001 YOOOOOoOoooOoOooooooo JL,e)00o0oooooongooooo
0000000000 #re 0000 XO0O0O0O L(m)U0OOODOOOOO®O0 OO R
gboooooboooobooboooobaoon

002 00000 (1,¢)00000000 z,y€X*0000 SIM;74)(z,5) 000
ooooooo

SIM (17,4 (7, y) = max{®(r) |[r € I OO x,y € L(m)}.

ggbgoboboaoboaoboaobooboobobooboaboa

goooooooo XYoooooooooooooooooooooooooDoDbDbDboo
gbgbobobobobooooooobooooobooobobobgabaobad
ooooooobooob100b04000000000

0000000 (0)OooUooOoOoooUO0oO0oOoUOoOoOo0oooOoooOoooooo
oooooo ¢, :II;, - ROOOOOOO

D;(uwv) = D;(u) + Di(v) (u,v € X*)

gbooooobooooonbo

LCSO0O000000000000
0000000 I = (ZU{*})*.
0000000000 &y(a)=1(aeX)0 &(*)=0000000000 &,:1; — R.

ooooooo
0000000 I = (ZU{})*.
0000000000 $y(a)=0(ac X)0 $r(¢)=1000000000 &, : 11, — R.

01 0OO00O0OO0O0OO0o

* . ¥00000000000000000000
é . ¥000000000000000000
[w)] . 0000 e«0000weXtO0O0O00O0O0OOOOOOOOO
dur] - Jug) : D000 wy,...,up € XT000000000000000O0
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goooboboobod

0000000 I3 = (SUA3)*. 0000A; = {[d] |a € Z}U{¢(alb) |a,be SO0 a#b}.
00O0o0oooood @s([a)) =d(a,e), Ps(éd(alb)) = 6(a,b), P3(a) =0 (a,be X) 00O O
N00000000 & : Ils — R.

guoboooooobooooooooo

0000000 I = (SUA.)*. 000 0A; = {[w]|w e Z+}U{o(alb) |a,b e 200 a #
b}.

0000000000 &4(jw])000 |w000D0000000000000084(4(alb)) =
5(a,b), Ba(a) =0 (a,be X)00OO0O00D00 by : 1Ty — R.

gboobooobobooboobooboooooboooOooboooooboooaon

5. Uoboooaboan

gbobooooooooooooboboboboooboobooboboobobono
ooogd

e ]J00O0ODUDOODUDDOOODUOOOO(UOD)ODOOUODO
e N UOOUOOOODLUODLOUOODODLOODLObOODLDOLODbOOLDOODLObOOOOO

gboboooooobooooboobobobobobooooooooooboboboon
gbobobogodgbooboboboboboooooooobobobobobobaoona
000000000000000000000000000000000000 O (1998)
goooooooooo

5.1 0000000

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
(1162-1241) 000000000000 (00 (1971))0

e JOOOUDOOODOOODOODOOODDOOODLDODOOOOODOODOOODDOO

gooooooooooobooo goooog
e JO00ODO0ODOOLOOOLOOOODOODODOOOOOODODODODODLDOOOO
oooooooono goooog

gl1ob00obooboobobooboooooooboobobobooooooboooboooboann
obooooooooobobooboooooooobooboboboboboob 2000
obobobobooooboooooooooooonoboboYroobooooooogo
gbobooboooooobz2e0b00b0O0O0OOobOO0ObOObOOobOOoOb0O0DbOOobOn

01 (0OO0)
00000/0000000/000000/000000/000000
000001470 (0O0O0O0O0)
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oooo0/o0oooo/Oo0/oo0o0o/oooooo
O00oooo2160 (DOOO)

5-7-5-7-7000000O0000O00O0OOO00O0O0OOR =12000000000000
ooboobooooboooboooo3gobooooooooooooobooooooon
gboooobooobooooooboobooboooooooboooobbooboboobooon
goboooobooloboobobooobooobooboboooboobooooboooon
gbobooooooboooobuobobobobobooboooooooooboboboon
gbooobooooooooobooboboobobooobooobooboooboboboobooonoog

5.2 OUbO0OOobOoOo4obOoOaodg

0000000 O (1998) DoooooooLcSsoooooooooooooooon
gbgbobabooooboboboboboboboboboobobooboobobon
gbobooooboooobobooobooboooogd

02 (QOO0)
000/000000/00000/00000/0000000
000003150 (000)
00000/00000/00000/000000/00000
0000035280 (00)

00000000000000000000000020000000000000000
0000000000 1000000000000000000000000 100000
0000D000000000000000000000000000000000000
0000000000000000000MO0040000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000

000000000000000000000000000000000000000
0007 =*a*bexd* 00000000001,2,1000000000000000000
00000000 f00000000000000000 &)= f(1)+f(2)+f1)00
00000000000000000 f(0)=¢(¢>000000¢(x)0 x000000
0000000000000000000000000000000000000000
000 n,mO000

(5.1) fn+m) > f(n)+ f(m)

000000000000000000 fO0000000O0O0O00OO0OOf0OY0O1
gbooabooan

(5.2) fl)=t—s (0<s<1)

0o0bO000b0o0b00d s s=090000000000000000000000OO
oo0oooooobooooboboboboooooboonono 3472000 35710000 10000
gboboboboboobooob 1oobobobobobobobaobobogsoeodn
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gbboooboaboooboobobooboobooobooboobboooobooan
gooooobao

00 O (1998) 0000
0000000 II=(XU{x})*
0000000000 0000000&:11 >R

k
Bluk--*ug) = > f(lwl)  (u,..up € 87k > 1),
i=1
0000f0 (5.2)00000000000000f(0)=00000

5.3 000000000
000001,11100000000200500002200000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000DO0O00000000O0
0020 (000 (1979000000 (1992)00000000000000000000
000000 200000000000000000000000000000000O0
00000000000000000000000000
00000000000000001100000730000500000000000
00000002300000000000000000000000000000000
0000000000 1300000 1500000001300000000000000
0000000 200000000

02 00000000 (OO0 0O (1998)000;00 A)DDOODOODOODOD (1992)000
0 (1979) 0000000000000 00O00000DO00O0OO0O0O0O0O0DOOO0OO0
ooooooo

HLLE L PR
16- 17 2( 1) 2( 1)
15- 16 1( 1) 3( 2)

14- 15 4( 4) 7( 6)
13- 14 8( 6) 15(12)
12- 13 26(18)  41(30)
11- 12 32(20)  73(50)
10- 11 77( ) 150( )
9-10  137( ) 287( )
8 9 332 )  619( )
7- 8 1066( ) 1685( )
6- 7  3160( ) 4845( )
5- 6 10089( ) 14934( )
4- 5 35407( ) 50341( )
3- 4 134145( ) 184486( )
2- 3 433573( ) 618059( )
1- 2 873904( )1491963( )
0- 1 717547( )2209510( )




ooooooooooooo 301

03 (0O0O0O0O0O000)
000000/00000/00000/000000/0000000
000007080 (DODOOOO)
000000/00000/000000/0000000/000000
0000015920 (0D0D0O0O00)

04. (00OOOD0DOO0)
00/000000/0000/0000000/0000000
000006840 (0O0O)
00/000000/00/000000/0000000
00000014480 (0DOO)

gbbooobooabbooboobbooboobbooboobbobbooobooan
gbgboboboboboboboboboboboouoooooboooboooobaoa
goboooooooboooboooooooooooboooboooobooboobooon
gboooooobobooooooboooooooboboooboobooboobobooooboon
gboboboboboboboobobooboboobobooooboooobobooa
gboboobooboobooboboobobooooobooooobobboe2b000b0000
ggboaboboobogbooobbooboobooobooboobooboan
gbbogboooboobgoboboobbooboaobad

05 (000O0O0D00O00)
0000/0000000/00000/000000/000000
000008260 (D000)
00000/00000/000/0000000/000000
00000016360 (00O0D00)

00000000000 ---0000000000000000000000000000
00000000(00)0000(000)0000000000000(@0O0)0000 ---0
000000000000000000000 (1992)00000000000000

00000/0000000/0000/000000/0000000
000003470 (D000)

obooo0ooooboobobooooo e0000oooboobooboobooooobogn
gbooooOobooboobobono 11s00b0uogssbaooon
gbobooooooobgoBoobosobobooboobooboobobooboooobo
ggbooobgogoboobbooboobobobbooboooboobooobbad
gbobooooooboooobuoboboboboboobooboooooooooooobaon
ggboooobooboboobboobbooboobboaoobooobboobgaa
gbboobooboobooboobobooboaoboaobaan



302 000000 48000 2002000

6. ODooboobOoaoo

gbobooooooooooboboboboboooooboobooboOoboboOonbo
gboboogoboaboboobooobbooboobbooboobbooboaboan
oboooooboobooboooboboboooooobobooobooobobooogoon
goboooboboooooboboboobooooooboooobooboooooooooon
gbboogoboabbooboooboobbooboooboobbobbooobooan
gbbgobogboooboobooboboobbooboobboobooobbaa
oooobo0o40000000D0000DOO0O00O0O0O00DODOOOODOOODOOOOOO
gooo

6.1 UOdObOoOabOoaboodood

6.1.1 0O O (1998) U0OOOOODO
00000000 O(1998)00000oooooooooooooooon

e OO S T7THrvrO0OO0OOOODOODOODOODOOOODODOODOODOO

e JO0OODODODOODODODODODOS=1200000000000000000000O0O0O
gbooooobooogooobo

e JO00OD0O0OOODOOLOOOLUOODOOOLOODODOOLOOODODOOOODOO

gbboobooobuoobooboboaobooboaoboobooong

06. (0OOO)
0000/00000/00000/000000/000000
000008520 (0O0)
00000/00000/00000/00000000/0000000
0000006740 (0OODO)

bbooboooboooooboobooooboooomooboboooboooboon
gbboooboaoobooboobbooboobooobooboaobboooobooan
gbbooobooaooboobobooboobboobooboboobooboboobbaan
gboboooooooooobuoboboboboooooobooooooooboboboon
oobo0obOoooooooboobobD oe00b00O0DbDDOOO020000000000O
gbboaobooobouoobggobooboan

07 (QOO0)
00000/00000/00000/000000/0000000
000001250 (000000)
00000/0000/00000/0000000/0000000
00000011620 (D00O0)

gboooooboooooo9rhobolei0oonboonbn



ooooooooooooo 303

6.1.2 0O0O0OO0OUOOOO

gbooboboooboosigoboooobooooooobooooboooobo
goooooooooobobooooboboooon

003. 0000000000 {uy,...,u} (u,...,ux € X5, k>000000000
O (order-free pattern) 00 0 On(uq,... ,ux)000000000000000 w(uq,...,ux)
goodooboo

L(m(u1, ... ,ug)) = U L(*ug(1y* - -+ *Ug(p)*)
ceSy

ooooooooosS, 000 {1,...,k}00000000000O0OO

goooboouobooobooobbooboo oo oooboooo
000000000 (uy,...,u) 0000000000000 00000, £(jul)
goooo

00000000000« 0000000000000 f(n)=n(p>1)0000000
gob1l1000b0o00oboooboobooobbooboboooboOoobooooon
goooboboooboooooobbooboobobooooooooboobobooooooooo coon
0000000000 n(x)000000000 2,y000000Y%, min{n.(z),n.(y)}
gooooao

0000000 fOO0O0O0OOoOoO cOoOO

max{n.(z), nc(y)}!
[ne(z) — nc(y)|'

ggboooobooobboobooobboooboobboobooobooobobgaad
00000oO00000o0o0o0oooo0oo0 000 OR)ODOODDODOOODOODOOO
oob0o0obooobOnO31000000000000O00O0O000O0DOOODOOODOOD
ugbooaobooaooagod

Ooo0oooDo fOoOO

0, n=1000
fmy‘{m n>1000

gbobooobooboolooooboobooboooobbooboobooboo200
obooooooooooboboooobobooobooboooooon

0000D00000000000
0000000 I={r|X0000000000 }.
0000000000 0000000 é:11— R

k
O(m(ur,... up) =Y flluil)  (ur,... up € 57,
i=1

0000f(1)=0, f(n)=n(n>1)000.



304 000000 48000 2002000

6.1.3 0OU
gbooooooboboobooboboooboobooooboboooooboobo
obooooooboobooobooobooobob 20b0000000D000000 210
good

08 (0OOO)
00000/00000/00000/000000/0000000
000006890 (DOOOOO)
00000/00000/00000/0000000/0000
0000006360 (D000)

09. (OOOO)
0000/0000000/00/000000/0000000
000001080 (DOOO)
000/00000/0000/0000000/0000
0000001090 (000O000)

gooooesyonoobOooboobooooboobooooboobe3se0ononooon
gbboobooobooboobbooboobooobuodgbbobboaboan
gbbooobooaoboabbobobooboobbooboobbooboobbaa
goooO11s01050000000000550012100000000000 600 70O
oooooooooooboboo vooobobooooos0b00o0oon
gbobooooobobooooboboooboboboooboboboooooDbo
bobooboobooboooboobooboooooboooboOobooobooboOobooonog
ggbooooboboobboobboooboobbobboobboobboaobobgad
gbboagbooobooboooboboobboaoboaonbad

6.2 U0O0OO0OO0OO0OO0OO0OO00O40d

6.2.1 0OO0OOOOO
gbobooogoboo

010. (00O0D0DOOO)
00/000000/0000/0000000/0000000
000006840 (0OO)
00/000000/00/000000/0000000
00000014480 (0DOO)

oobooooomoooobbooboooboboobooboboooboooobooobooboooon
gobdob1200610000000000000000O000O00 16e000000OAO
gbooooooboboooooooooooobobobooooooboobobooooboon
gbbogoboabbooboobboobooboooboobbobbooboan
gboboooooooooobuobobobobooboobooboooooooooobobon
gbboobooboaooboobobobboobooobodobbobbooboan
ubboobooaobooobogoboboaboab



ooooooooooooo 305

6.2.2 0OO0O0OO0OOOO

gbobooooooooooboboboboboooooobooboooboobOobobo
ooboobbDel1b00D0000DOO0O0O0OO0ODOOOODOODOOOODOOODOOOOD
boooooobooooboboboobobooboboooooooooboooboooan
gooooao

SO X T0000000000SO000000000000000000000000
0000 SOO000O0O0OO (rarity) 000O0O0O0OO0OOOOO

004 000070 SO00000000 Pr(r;$)000000000
log,(1/Pr(m; 5))

000000 x0 SO000000 (rerity) DO0OO

ggbobboobooboboboobobboboboboboobobbooboboooban
tbobooboooobooboooobooobooooobooboboboooboobooonoag
gboboooboaboboobooobobooboobboobodoboobboooboan
ugbooaboaboogogadn

gboboooooooooobobobobooboobooobooboboOoboboOono
goo

gooooboboood
0000000 O={r|70 ¥0000000000 ).
oooooo0o0oob oooooo0 @:II—- R

&(7) = log(1/Pr(m; S)) (me ).

oooooOoooooooooooooooo o(w,...,u,) JOOOOOOOOOOO
oooooooo

Pr(m(ur, ..., un); 8) = [ ] Pr(us; S).
i=1

O000OPr(u; S)OOOD w0 SO000O0O0O0OOOOOOOOOO Pr(u;S)00

S O L(*ux)|

Pr(u; S) 5]

gboooooboooooobooood

O(m(ur,... up)) =— > log(Pr(u;; S))
i=1

0000000000 10000 «00000000 logy(Pr(u;S))=00000



306 000000 48000 2002000

6.2.3 00O

goooooooooooooonooooooooooooOoOoOoOoOOOOOO0O0 S
obooobooobooboboobooooobo,b0o0bobob0obooobes4abnbooODO
0014480 00000000000000DODOD 9300000000000 00O0DDOO
Ulebooooboooboobooboooobobooooboooonog

0Os500000000A,6100000000 B, 00000000 COOOO0O0O B,
ciiioooooooooooooooooos3oo40000

020000000000000000 (1992) 0000 (1979) 000000000000
oboooooboooboooooooooooooooooooooooooooobooon
gooooooooOoOoOoOoooBOCOOOOD AQODOOOOOOOOOOOOOODOO
bboooboooboooobooboooooooboooobooboooboobooonoag

00 COO0O0O0000D00oUooUoO0 A,BOODODOODODOOOODODOOOOOO
gooooao

03 00000000 (oO0O0OOobDoOoOoo 04, O0O0ODOOO0OOO(UODOOOODOOO;O

370354( ) 610130 12- 14 54444( ) 107063
10- 12 97295( ) 204358

8- 10 171823( ) 376181(

75323( ) 685453

9
8

7

6

5 70713(
4 (
3 (
2 792725( )1478178(
1 (
0 (

000; 00 B)0OOO0OOOO0O00O00O 0 C)D000000000000 (1992)0
0 (1992)0000 (1979) 00000000 000 (1979) 0000000000000
00000000000000000000 00000000000000000000
00000000000000000 000000000000
UL % RREERL HLEE B PR R
21 2( 2) 2( 2) 46- 48 1( 1) 1(1)
20 2( 1) 4( 3) 44- 46 1( 1) 2( 2)
19 4( 4) 8( 7) 42- 44 2( 2) 4( 4)
18 7(5)  15(12) 40- 42 4 2) 8( 6)
17 1(9)  26(21) 38— 40 403 12(9)
16 22(11)  48(32) 36- 38 8(5)  20(14)
15 54(20)  102(52) 34- 36 17(11)  37(25)
14 10 ) 212( ) 32- 34 31(18)  68(43)
13 247( ) 459( ) 30- 32 55(18)  123(61
12 608( ) 1067( ) 28-30  117( ) 240(
11 1506( ) 2573( ) 26-28  256( ) 496(
10 3534( ) 6107( ) 24- 26 547( ) 1043(
7847( ) 13954( ) 22- 24 1285( )  2328(
20744( ) 34698( ) 20- 22 2850( )  5178(
30312( ) 65010( ) 18- 20 6285( ) 11463(
104053( ) 169063( ) 16- 18 13624( ) 25087(
) 239776( ) 14- 16 27532( ) 52619(
) (
) (
)
)
)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

0( )1478178 6- 8 253714( ) 629895(
731332( )2209510 4- 6 368142( ) 998037(
2- 4 480141( )1478178(

0- 2 731332( )2209510(




ooooooooooooo 307

011. (0O0O00)
00000/00000/00000/0000000/0000000
00o0O00O10850 (0D0O0OOO)
0000/0000000/000/000000/0000000
00oooO07100 (DOO)

OO0 A, B, CO0000000O0O0OOOOOOOO9600213003600000000O
cOoOoooOoOooOoOoOoOoUOOoOooOoUoOooooooooooooooooDooOoCoooo
gooooooboooooboobooogoobon

r(0000,000,000,00)

oobooobO0o20000000000000000DOCDOO0O0DOOODOOODOOOD
gbboooboabbooboooboobbobbooboobbooboobbaad
gboboooOoboooboobobooboobooooonoo

012. (00)
000/0000000/00000/0000000/0000000
000002240 (000000)
0000/0000000/0000/0000000/0000000
0000003330 (0000)

000000 A, B,CO0000OO0ODODODOODOOOOG2000213003800000000
gbooooobooooboobooobooboo

r(00,00,00,00,000,00)

obooooooobooboooboobooooobooooooboooooooboooobOoooon
oboooobooboboooboobooooboooobooooobooboboooon
boboboboboboboboboboooobooboobOobObobOOobOoboOoboan
(0000000000000 O0OOD)0000000DO000DO0O000OooOOooDOooooo
gboboooobooooboobooooboboooonbo

013. (0O0O0O0)
00000/000000/00000/000000/0000000
000006430 (DO0ODO)
0000/000000/00000/0000000/0000000
00000011720 (000)

000000 A, B,CO000Q0O0OO000000O0O0O5R29970010680067000000
OO0 AQ0OODODODOOOOOOOOO0O0O0O000000000000000000

#(00,00,00,00,00)

oboooboobooobOomoomoooobooooobooooboboooobooooon
gboboobOoooooooboobooooo@muooboboobboob@moomobooon



308 000000 48000 2002000

0000000000000 000000000000D (DooO0)ooooooooo
gboboooOobooooboboobobooooonoo

gboboboooooooooboboboboboooboooboobooboobobonbo
gbbooboaboooboobbooboobooobooboobbooobooan
gooood

7. OO0

gbobooooooooooboboboboobooooooboooboooboobobobo
gbobooooboboooooooboboooooboobobooobooooOOoboooon
oo000oOoOopoooOoOoopoooOoOoocb-rROMOOOOOOOOOOOOOOOOO
oboooooboobooooooobobooooobooboboooooOobobooooon
o004 0000000000000 000DODODODDOOOOOODODOOOO0OOOOO
gbobooooooooooboobooboboboooobooooooooobobobaon
ooooo
gboboooooooboooobobobobobooooobooooobooboOobobo
gbobooooooooooboobooboboboooobooooooooobobobaon
oobobobobobobobobobobobobobobbobobboobooobDobooon
gbobooooooooooooboboboboboooobooooobooooboboboon
gbobobooooobooobooooboooobooboboobooooooboooooann
gboooobooooboooboooobobobobobobooboooooooobobobon
gbobooooooboooboobooboboboboboooboooooooobobobon
bboobooobooooboobooboooboooooooboooboooboOoboooag
gboooobooooooboooobobobobobooboobobooooooobobobon
gboboooooooooooobobobobooboobooooooooobobobon
gboooooooon
gbobooooooooooboboboboobooobooboooboooboobOoboDbo
tbboooobobomooobooboboooooooboobooooobooooban
gbobooooooooooboryoooboooobooboobobobooboooooboon
gboooboobobooboos3sgoboobooboobooboo1gbooo0oboooobooobooo
0000000000000 000oooooO«00000ooooo«x0000oooooon
goboobobooboonoobbooo@mooooooboboobooooooobooboon
0000000000000000000000 0 (19Y)0ooooooooooooo
bobobobobobooboboobooooooboobobooboobooboooboobonn
gboooooooooooooboooooooooooooooooooooooboonn
oboooooboooooDo
gboboooooooooobobobobobooooooboboobobono
goboobobOooooooooboobooobbooooooboooboooooboon
oboobobobobooboos0obob yObOobOOobOOobOOoO0OOobOOobOoDbOobDOD
oo s0b0b0o0ooboobooboboooooboobobooooo=xO«xgooonoon
bbooboooobooboooobooobooooooobooboooboobooonoag
ob0onoooooomoboobobooomooooo@mobooboooomoooogon
gboboobooboooboobooobooooooboooboobOooooooobooon
gboboooooooooooboooboobOoboobooooooooooboboboboon



ooooooooooooo 309

obooooobooooDooo

gbobooooooooooooboboboooboobooobooboooboobOobonoo
boboboboboboboboobooooobooboobobobooooboooboooboon
oboooboo0ooboboooboooobooboobobobooboboboOOobonoDo 45
gboboooooobooooboobobobooboooooooooooooboboboon
gbobooooooooooboboboboboboooooooooooboboboon
goooooooobooooobooboboboooboboooooooooooobobobon
oo00o0oO0oooooo0O0oooOoOoOo0Ooooooooooooocb-rROMOOOOO
bbooboooobooobooboobooobooooooobooooboobooonoag
ooooooboooooboo

gboooao

Brazma, A., Ukkonen, E. and Vilo, J. (1996). Discovering unbounded unions of regular pat-
tern languages from positive examples, Proceedings of the 7th International Symposium
on Algorithms and Computation (ISSAC’96), 95-104, Springer, Berlin.

0000 (20002). DOOOOOOOOOOOOOO oooooooo— (ooo)Ho

0000 (2000p). OOOOO,000000 460000000000

Gusfield, D. (1997). Algorithms on Strings, Trees, and Sequences: Computer Science and

Computational Biology, Cambridge University Press, New York.

0000 (1971). 00D0D0 DMUODO0OOD0O,000000000
Ooo0oU0oO0oooU0oOoooUoOooo (20000 DOOODOUOOOOOOOODOOOOOOO
0000000000 mOooo0oU0o0oooU0ooooOnn2000(49), 15-24.

o0ooo (1979). DoO0oO0oUoO0oUoOoooUoUooooUoo

00000 (1999). 0000000000 UOO0DDOOODOOOODOUDODODOOUDOOODOO
000000000000000000 (A)DDOD0OUD0OOUO0O0OD1998 00000
0000068-77.

O0O0oo (2000). nO000O0OO0O0OO0OOOOOOOOODOOOUODOOOOOOO—HOO
0000000ooooooooo—Oooooooooo?29, 187-238.

Laird, P.D. (1988). Learning from Good and Bad Data, Kluwer, Dordrecht.

0000000000 (1999). 000000000000 00000000000040(3), 774-782.

Rissanen, J. (1978). Modeling by the shortest data description, Automatica, 14, 465-471.

Shinohara, T. (1982). Polynomial-time inference of pattern languages and its applications,
Proceedings of the 7Tth IBM Symposium on Mathematical Foundations of Computer
Science, 191-209.

000000000000 00000000 (1999). DO0OD0D0DOODODOODOODODOOOOOO
00,000000000040(3), 783-795.

Tamari, K., Yamasaki, M., Kida, T., Takeda, M., Fukuda, T. and Nanri, I. (1999). Discovering
poetic allusion in anthologies of classical Japanese poems, Proceedings of the 2nd In-
ternational Conference on Discovery Science (DS’99), 128-138, Springer, Berlin.

000000000 (1992). 0000000 OD0O0O0DODO0ODOOODOUOODOOOD

0000000000000 0000000 (1998). DO0OUDO0ODO0O0DOODOOOO0DOOOOOO
000000000000 oO0oUooo0oooUoOoooU9s(9n), 57-64.

Yamasaki, M., Takeda, M., Fukuda, T. and Nanri, I. (2000). Discovering characteristic pat-
terns from collections of classical Japanese poems, New Generation Computing, 18(1),
61-73 (Preliminary version in: Proc. DS’98 (LNAI 1532)).



310 Proceedings of the Institute of Statistical Mathematics Vol. 48, No. 2, 289-310 (2000)

Discovering Similar Poems from Anthologies of Classical Japanese Poems

Masayuki Takeda

(Department of Informatics, Kyushu University)

Tomoko Fukuda
(Fukuoka Jo Gakuin College)

Ichiro Nanri

(Junshin Women’s Junior College)

Mayumi Yamasaki and Koichi Tamari

(Department of Informatics, Kyushu University)

WAKA is a form of traditional Japanese poetry with a 1300 year history. In this
paper we attempt to semi-automatically discover similar poems in anthologies of WAKA
poems. The key to success is how to define the similarity measure on poems. We intro-
duce a unifying framework that captures the essence of string similarity measures. This
framework makes it easy to design new measures appropriate for discovering similar po-
ems. We proposed three types of similarity measures. Using them, we report successful
results in finding similar poems between Kokinsh@i and Shinkokinshti, which are known
as the best two of the twenty-one imperial anthologies. Most interestingly, we have found
several instances of poetic allusion which have never been pointed out in the long history
of the WAKA research.

Key words: Classical Japanese poems, analysis of expressions, similarity measures, similar poems,
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