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0480 0 20 271-287 oooooo

Joodoodooboodoogn
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oooooooBO0OO0O0OOO

(DD 20000 30 310000 20000 90 180)
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obobooooobooooobooooooboooboooooboooooboooooobobooon
gboooboooooobooooooboobobobobobooooooobooboobann
oboboooooooooooooooboobOoboboobobooobooooooobogon
oboobooooooooboooooooobobobobobooboooboobooooobooon
gboboobOobooooboooobooboooooboooobobooobooboooon

gbooboobooo,0obooobog,boobooboo

1. 0000

gogbooogbbooboobobooboobooboooboobooboobobad
0000000000000 0000000 (Zipf (1932)00000000000000
oboboooboobooooooooboobOobOobobobobooooooooooooon
0000 (Mendenhall (1887))0 000000000000 0OCOOOOOOOOOOOO
gobooboboobooboooboobobobobooboobbuoobooobboo
oboobOoooobooooboooooboosooobooooboooooobooooon
ugbogboobodobooboboobobuoobobbooboobobooboboan
goboobobooboobboobooobooboooboobobooboboooboo
bobooboboobooooobooboobooboOooobOoOooOooOooOoOoOoooooon
gboobodgbogboobooobodoobobooobooboboboboboooaod
goboobooobooboboobooboboboboobuoobooobooboon
oboocoooboooobooboooooboobooon

goboogbboobooboboobooboobboobooboobbooooban
gobooboboobooboooboobobobbooboobbuooboooboboo
gbobooboooooboooooobobobobobobooooooooboooooboaon
gbboagbooabooobooboooooboaboa
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2. OgOoOo

gooboodbboooboobbuoobobooboooboobobooooooooboo
Jooooooooooboboobobbbobobbdddooooooooooooooo
gooooobooobbooooobooobbooobboooobooobooan
Jdooooooooobobobobbbobbobobddoooooooooooboobooo
Joodooboobooooooobobbooooooobbooooooo

ooooooo,200,300,...,n0000000000000000 2-gram (bi-
gram), 3-gram (trigram),... ,n-gram 00 00000000000000 ngram 000
Jooooobooooooooobbo0ooooobobboooooooobooo

gdbooooboobooboboobooboon 2gram 00 qUOOOOOOOOO
Jdduwdoooooodgb bbb wooobobbbbbob o
goooooood

goooboodd ngram OO0 0000000 0OOOO0O0O0ODOOODOOOO0ODOONR=1
000000 S={s,82,...,8,...,,} 0000000000
(2.1) SEz—Zp(si)long(si)

i=1

D000D0000000000 (bit)0DDO0000 p(s) 0 Y, p(s;) =1000000 s
0000 (00)0D000DSEOOOOD SO0O00 1000000000000 (entropy)
J000ngram 0000000000000 On-gram 000000000 0OOOOOO
gooooobooobbooobobooobbooooboooooooobuoooan
000000000000 00U000 26000000 1/26000000000000
00000oo0oooooooog SE=470000Shannon 0000000 OOODO
oo 41400000000000DO00000O0O000O0OODODODOOOOOOO
000000000000 0000000 (PnYnOOODOOOOOODOO)OOOO 26
00000000000 0000000 411 000000000000DO00DO00O000O00O0
d0doooboboboboobobuoooobgdn=2,30 ngram0O0OoQooog
00000000000000000000 (0000 (1992), 0 O (1992))0 n-gram O
Joooobobobooooobobobboood

(2.2) SE:—ZZ--~ZP($Z-1,3¢2,...,sin)logzp(sil,siw...,sin)

gooboobbooobodngram 0000000000 OOOCOODOOOOOOOO
obooooobooooobooog

00000000 (0000)0000000000000000000On-gram O
boboboboboboobobobobobOobobobooboobooobooobooon
obobooooooooooooobooboobobOoboboooooooooooon
000 n-gram (n=1,2,3,4,5,6) 000000 400000 (1996) 0000000000
0(1999) 00000000 10300000000000000OO

negram 0000000000000 O0O00O0O0O00O00OO0OO0DOO0OOO0DOODOO0D0OOd0
gbobobobobooooooobooooobd nrgram0 000000000000
gboooooboooobobooogooo

000 (00000000 »ngram) 00000000 O0OO0OOOOOOOOOOOO
0000000, Cornew (1968) O 0 0O O, Harmon (1972), Riseman and Hanson (1974),
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Hanson et al. (1976), Hul and Srihari (1982), Shinghal (1983) 00 O OO . Suen (1979)
J00d000o0o0oooooooooooooesyooo19y8ooooooooooon
000000000000 00D0000D0000 000 Yannakoudakis and Angelidakis
(1988) 000000000000 ngram (n<5)000000000000000O0O

0000000001970000000 ngram00000000000O00OO (Jelinek
(1976))0n-gram 00 0000000000000 OOOOOOOOOOOOOOOOO
dooooooooooo oo obooooooooooooon
0 (1984), 00000 (1984)00 0 (1987,1990) 000 0

000do0o0o0o0o0o0ddngram00000D0DO0ODOOODOOOOOOOOOOOO
gobooooooog

00 (1999) 0000 n-gram (n =3,4,5,6)000000000000000O0O0OOO
O0000s500000000000000negram 0000000000 OO0OODDOO
dooooooboodn=40000000000000O0O

00000019990 0000 3-gram0000 3-gramJ0 000 OCROODOOOODOO
Ooooooo0ooooooooonono 9290000900000 94000000000
000 0O (1999) 0 2-cram 0000000000000 OOOOOOOOOOOOOOO
00000 Wnn60O 91.12000000 95.0700091.170 00000 93.940 00000
OO0000oo00ooooOoUooooooooooooooo

0000 (1998a) 000 0000000000000000On-gram0000000000
OO0 (corpus) 00000000000 O0O0DDOO0OODOUOOOOOODOUOOOOOODO
0000000000000 0O00C00000O00O00oOOo0OOoooooog (1998b)
Urngram 000000 ODOO0O0O0O0O0OODOOOOOO0OOODODODO

00 0 (1998) 0000 2 gram D0 0000000000000 OOO0OOODOOODO
0000ood0ooo00oo00ooDo0ooDoOo0oo0oooooooooooooon
doooooobooogee.oldoonooooog9s.2eddnnooooa

godooboooooobooooobooooboooooooooboboooooooa
000000000000 00000OOLeeetal. (1999) 0000000000000
00oooooooobooboooooou 2-gram00000000OO00OOOOOOOO
O00000000000000000000Nieand Ren (1999) 0000000000
00000ooooooooooD 2-gram000000000CO0O0OOOODODOODOO
OO0oo0oooooooooooooon

000 (1999) 00000 2gram 000000000000 OOOOO0OOOOODOOO
0000000ooO0o0ooo00ooo0oooooooUoooooooooooOoooo
0 (1999)00ngram 0000000000000 O0OOOOOOOOOOOOOOOO
o000 13000000 oooo 20000
ooooood

00 Nagy (2000) OOIEEE-PAMIOOUOOOOOOOOOOOOOOO ngramO0O0O
oo ooooooooooooaao

ngram 00 0000000000000 O000 ngramO00000000COO00ODOOO
0000000oooooooooooooooooDooooooOoOoOO0O0O0O0o0n 2-gramO
dddnrngram 0000000000000 DODODODOOOOODLDDODDOO

000 84,5865,--458, , 000 s, OO0OOOCO

p(silvsigv .. '7sin)
p(SilaSiza ey Sin,l)

(23) p(szn ‘ Siy1ySigy - sin—l) =
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0000000000000000 p(s;,,Si,,...,s,) 0000 s;,,8i,,...,8, ,,s, 00
0000000000000 00000000000000000000000000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000000000000000000 “Time flies like an arrow”
0 “fies’0000 “y’0000000000000000000000000 00 “like’D
000000000000 0000000000000000000000000000
0000000000000000000000“lies’" 100000000 “Time flies like
anarrow’ J00000000000000000les’ 100000000 “Time flies like
anarrow’ 00 0000000000000 O0000000000O00000000000
0000000000000000000000000000000000000000
0000000000000000000000000000

000000000 wi,we,...,w,...,w,000000000000000 hy,he,...,
hi,...,h, 000000000 hy,ho,....hs,...,h, 00000000000000000O
ooooooQ

(2'4) p(h17h2""7hi?"'7hn|w15w25""w7;7"'7wn)

gooooboboboooooo
p(hq,hg,...,hi,...,hn) xp(wl,wg,...,wi,...,wn|h1,h2,...,hi,...,hn)

2.5
(2:5) p(wy, wa, ..., Wiy .., W)

00000000000000 plw,ws,...,w,...,w,) 00000000000000
p(hi ha, ... hiy... hy) 00000 ngram000000000000000C000000
00000 p(hy, he,...,hi,...,h,) 0000000000 000000000r0000
000000000000000000000000000 (2gram)000000000
00000000000 2gam00000000000000000

n

(2.6) p(hl,hg,...,hi,...,hn)ng(hHhi,l)

i=1

000 p(ha|ho) 0 R OOODOOOOODOO0OOODO0OOOODOO0OOODOOODOOOO
gboooooboooooobooon

n

(27) p(wl,wg,...7wi7...,wn|h1,h2,...7hi,...7hn) %“Hp(wl\hl)

i=1

gbodoooobooooooboooono
(28) p(hl,hg,...,hi,...,hn) xp(wl,wg,...,wi,...,wn|h1,h2,...,hi,...,hn)

= [ p(hi | hi1) x p(w; | hs)
i=1

00000000000000000000000000 (Hidden Markov Model, 0 0 O
HMM) OO0 0Op(k; | hi—) 000000000000000000000p(w;|k)000
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3. OobooOan

gbobobooooooooboobobobooooboobooobooooboobonbo
boboooobooooooooobOobobobobobooooooooooooon
ooboboooboooooobooboboooooooooobooooboobooooon
oboooobooooooooobbbboooooooooboooooboooooobooooonooa

3.1 0O0OO0OOO0OO0OO0O
goobooboboooboooooboobobobooboboobooboooooDobobobo
oooooo0ooooo0ooooobo0ooooobo0oooobOoOo0o0 Xoooooooooo

Cl C2 PR CJ PR Cm
ty [T11 T2 - T o Xim
to |21 o2 - T2; - X,
X =
i |®Tin T2 o0 Tyt Tim
tn | Tnl Tn2 e Tnj e Tnm |

XDDDDDtl,tQ,tg,,t“,tnDDDDDDDDDDD 61,62,63,...,Cj,...,cm|:|
goooooooooooobodez,; 00000 ¢, 000000000 ;0000000
googoood

gooooo0obO0o0oO0o0oOOoOoOoO0bU00obDO00obDO0O0oDbDOoUOobDOoDOo Xboooo
oo oobobobbbbbobobboobooooooobo
000000000000000000000 ¥?000000000000000000
obbooboboobob0obooooooobooooboobooboobOoboboboboboo
gooooooooobobbobobbbobbobobodddoooooooobbobo
o0bo0o0O0o0ooO0ooOoOoboo0o moobooboobooooboooboooooo
ooboobobooboobobooboobDbo0obUoobooobuoobooooboo
goooooouoboobobobobobbbbbobdooooobbobbobo
gbooobooobooboobobobobbooboon

gdbooobobo0obooboooobooboobobooobooboobooooboo
00000000 Cox and Brandwood (1958), Mosteller and Wallace (1963), O O (1965),
O O (1993b), Burrows and Craig (1994) 000000 (1999) 000000000000
goboobooboooboobboooboobboooboobooobuoobooboboo
gooooogooooobobobbbobbbobdddooooooobboboboobo
000000000000 0O0000O00O0 (1990000000000 0O0000O0OO
00000000000 Tweedieet al. (1996) 0000000

goddoogooouooobobbbbbooodooooobobbobbbobooboood
0000000 (1998)0 Chouchoulas and Shen (1999) D0 D000 D0 (DOOO (1998))
oobooboooboboobboooboobobo0obooboobobuooboooboo
goooooooobobbbobbbooobddddoooooobbobboobo
ooooooobooboooan

goboooboboobooboooboboobooboboobuooboobobuooboo
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gobooboboobodoboooboobboobooboobboobooboban
goboobobooboobbooboobboboboobooobuooboooboboo
bobooobooooooboooooobobooboboboboooooooboooooboan
gbbooboooobobbobooboobooboobooogab
goboobooboobooboobogon

(3.1) Sim(t;, tr) Zx”xkj
ooooood

Z; 1 LijTkj

\/ZJ 1Lij \/Z] 1 Th?

(3.2) cos(ti, tg)

oooooooooo.

00o0oo0oooo0oo0o0o0oOo0oOooooOooo0oooo0ooooo0o0oDo0n
00000000000000000000000000000000000OSibson (1969)
O Kullback-Leibler 000000000000 OO00OO0OOO0O0OO0OOO (McLachlan
(1992))0 000000000 K-L-SOOODOOOOODOOOO

1 — 224 221

= Tij + Tkj Tij + Tkj

O000z; =0000 a5log L m— zr; =0000 ay; log 2 —0QOoO0

Tij+Tr; Tij+Trj

godddoooooobobobobbboddddodooooobbbbbboood
bobooobooooooboooooobobooboboboboooooooboooooboan
gogooooooobobobobbobobbobbodooooooooobobbbobbobo
gooooooobobobbbobbbotbbodddooooooobbobo
bobooooooobooooooboboboboboboooooooboooooboann
gogodooooooboboboboboboboboobdddddooooooboobbobboobo
goobboobobooobboooobboobbuooobbooobboubb,o0obo
gboboooooooobooooooboobooboboboboboooooboooboooboaon
00000 (0000000)0000000 pUOOODUOOOUDOODOOOODOOOOOO
O0000000000000000000000 CcO0000000000 (Cophenetic
correlation coefficient) 000000000 (00000 (1992))00 O (1993b), Jin and
Murakami (1993) 000 000000000000 O0O0OO0OOOO0OOOOOOOO
gooooooooobobbobobbboboboboddooooobbobo
OO00o00D0O00000DO0O00000DO0ObO0000DODO0O0O0000D0OD0 Mantel
00 (00000 (1992) 0000000000000 0O0O0O0OOOOUOOOOOODOO
gooooooobobobbobbbotbotbodooobD bbb bobo
gbooooooooboooobooboooooooooooooobooooboonoooboan
000000000000 00000000 Jianetal. (200000000000000

goooobobbbuooooobbbbuoooooo

Ua 0OOO0bOOOOOOOOOOOOO
Ob O0OO0OO0ODOOOOODOOO
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ggodoooooooboboboboboboobdddddoooooooobbobbobo
goooogoooobobobbobbbobbobtboooobooobboboboobo
0000000000000 00000000O000OMendenhall (1887) 0000000
000000000000 000000DO000D00D00 Science0O0O0OO0OODODO
liooogobbooooobboobbooooobobbooobbooobboobo
000 (Fucks (1952)0 Williams (1956, 1975)0 Herdan (1958), Brinegar (1963))00 0 O
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gooooooooobobobobbbobbbboboodddoooboobbobbobo
gobooobobooboobbooboobboobuoobbuoobboobooooboo
00000000000000000000000000000 (O (19950 1996))0
goddoooooobbobbbbbotdooooobobobbobbbbooood
000000000000 (O (199501996)) 000 0000000000000 OOOO
gogodooobobooooobbobobbodooooobobobbooooobnbobooboo
goddooooouobobobobbbbooboooooobobbbbbbobboooo
gobooboboobooboboobuoobboobuooboobobuoobooboboo
doobdbooobooobuooboobooboobo b4 bobboboooboo
gooobobboooubbooouobboo 20bbooobbboobbboooobo
goooboboooooboobobobobuoboooobobobobooobobooooooa
0000000000000 000000000000000000000ooan (1997
goodbobbbtooooobobbbtoooooobbobooooo Yuooooooo
gbooobdobooobuoboboboooobooboboobobooooobg 2000300
gooogoo
00000 (1999 0000000000000000000O00O00O00D0O0O0OOD
oooooobooooOobobobo4000b00b000DO0ODOoOOObDObOOODODO
000000000000 00000000000000000000000 (Mosteller
and Wallace (1964)0 Morton (1965)0 Burrows (1987), Burrows and Hassal (1988)0 O
D000 (1992)0000000000 (Yule (1944)0 Efron and Thisted (1976), Thisted
and Efron (1987)0 Tweedie and Baayen (1998))0 000000 (0DODO0O (1965000
(1999))0 0000 (Yule (1939)0 Williams (1940)0 Wake (1957)0 Morton (1965))0 O O
D00 (0DDO0O0 (1965)000000 (00000 (1965)0000000000000
O (OO0 (1958, 1981, 19940 2000))0 0000000000 (Cox and Brandwood (1958),
Milic (1967))0 00000 (Fucks (1952, 1954))0 000000 (Potter (1989)) 000 0
gboooboooboobooboooo
0000ooooooOoODO0OCOCOOO000000000000OoOoOooooon Holmes
(1994), 00 000000D0O0O0OO0ODO0O O (1998b,1999) 000000000
ggboooobuoobboooboobuooboobboobobuoobooboboobooboo
gooooboobobooboobbo0obooboboobooobooboooboo
goooooooooobobobbboboobbbbdddoob bbb obo
D00000D000D000000 (O (2000))0

3.1.2 0OO0OO0OO0O0OO

gbobooooooooooooboboboobooooooobooooboobobo
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(3.4) wik = fir log <%)

o000 f000D000000DODO0CO0000D ¢,000 ¢, 00D0O00OO0OONDO
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00000000000 ODOLeeetal. (1999)0 1280000000000000000O
oboboooobooooboooooobooooboobooooon
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On Natural Language Statistical Information Processing
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This paper describes the work done on statistical natural language processing. It is
organized into two parts. Part One explains symbol and word-centered work in language
processing with n-gram and Marcov models, etc. Part Two describes text processing: text
classification (or categorization), authorship attribution (or stylometry) and information
retrieval (or extraction), etc.
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