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A method to analyze a set of documents besed on Bayesian statistics
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Abstract: In this paper, we consider the Bayesian approach for representation of a set of documents.
In the field of representation of a set of documents, many previous models, such as the latent seman-
tic analysis (LSA), the probabilistic latent semantic analysis (PLSA), the Semantic Aggregate Model
(SAM), the Bayesian Latent Semantic Analysis (BLSA), and so on, were proposed. In this paper,
we formulate the Bayes optimal solutions for estimation of parameters. From the simulation experi-
ments, we can show the effectiveness of the proposal. Moreover, we apply the proposal to analyze the

questionnaires with free forms.

1 0000

gbooooooboboooobooboobobo
ooboooooooobooboboboboooooo
oboobooboobobooooooooooboobon
gbooooooboboooooobooboooo
gbobooooooooboboboboooooo
oooooobooooooooooboobbooooooooo
boooooobOobooooooobooboooo
gbobooooooooboobooboobobobooo
oboooooooboboobooogoooboobooo
oboooobooobooobooooooobooooobooo
WebOODOOOOOOODDODOOOOOOODOO
obobooooooobooooboobooooooo
oboooooooboobooooooooboobooo
gboobOobooooboooooao

oboooooooboboooobooooobooDbo
ooooooooopLSID0OdOOOOOOOOOO
OO0ooooooooboo0oOooooooDoobooOoPLsS
gboooooobobooooooboboooo
oboooooooboboobooooooboobooo
obooboooooboobooooooooboooo
gbooooooobobooooooboboooo
obooooooooboboobooooooboobooo
oboooooooboobooooooooboobooo
gboooooobobooooooooboooo
gboboooooooooobooboobooooooo
oboboooooooooooooboobooboboo
oboooooboooon

gootoboooooooooooooooooad
obooooooobooboooooooboobobooo
obooooooobOobooooooooboooo
gboooooobobooooooboboooo
oooooobooooooooooobooobooogooo
gboooooboooooooboooooboon

2 0OOooOooooo

Oo00oOoOoOoo pLSIOOOOOOOLSIOOOO
Oo0oO0oOoooopLSIOOOOOOOOOOOO
oboobooooobobooooooobooboboo
oooOoOOoO0 PLSIOOO0OOODOOODOOODOO
gboooooobobooooooboboooo
oooooooo

goooooboz2e3b000obooooooon

21 0OO0OO0OO0OO

LSIO PLSIOOOO0O0O00OO0O00O00O0O0
0000000000000000000 ceC =
{c1,¢2,--,¢,} 00000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 weW =
{wi,ws,---,wg} 00000000000000000
0000000000000000000 n00000
000 de X = {di,do, --,d,} 000000000
ooooo

X:(d13d27”'7dn)T (1)

goooooooooocooooorooooooon
00 d; 0

di = (wi1, %52, 2iq)"
goo dDDDDDDDDDDIEi)jDDD d; 000 j5

gbooboooooboobooboooooooboboo
goooogoo

2.2 LSI

S. Deerwester 000000000000 OOOO
LSIO Latent Semantic Indexingd 0 0 0 0O [3]0 LSI
000000000 X0O0OOoooo (svb)yoooo

X =uxv" (2)

goooooOooooooobooboOoooDoD k0O
ooo

X =Up s VE (3)

obooooooooxokkoO0oOoooooooooo
ooooooooooooooooobobooo X0 X
g2000000b0bo0oooboboooog
goopooLsSIobooooo0ooo0oooboooooog
0 X0O0idfO0OO0OO ad-hocOOOO0OOODOOOO
gobooooooooooboo

2003.11.102 000



JAS2119

1A-20000000000

2.3 PLSI

O0O0T. Hofmann OO OO OO00O00OO PLSI (Prob-
abilistic Latent Semantic Indexing)[2] 0 OLSIO OO
ugbboobooabouoobooobobooaboan

pPLSIOOOOOOOOOOO ¢ (I =1,2,...,k)
0000000 d; (6= 1,2,...,n)000 w; (j =
1,2,...,d)0000000000000d; 0 w; 00

}:Pdm

ooooobooo0o0onD ;000000 w; 00
0000000 n(d,w;) 0000000000000

L:ZZn(di,wj)logP(di,wj), (5)

P(d;,wj) (wjler) P(ar), (4)

00o0oog P(g)OP(d;|a)0P(w;|le)D00EMOOO
0oodoopDodoodoooooooooooooooon
E-step

P(c1)P(d;|cr) P(wj|cr)
> Plev)Pdiler ) P(wjler)

Plaldi, wj) =

M-step

Sl )Pl )
P(wj|cl) - Zi,j’ ’I’L(di,wj’)P(C”di?wj,) (7)
Zj n(d;, w;j)P(c|d;, wy)
P(d2|cl) = Zi’,j n(di,7 U}j)P(Cl|di’a U)j) (8)

- 2T di,wj P(c di,wj
fm>=z”§ﬂ&$>) ©)

(6)~(9)0000000000000000000D
Tempered EM 000000 [2]0

24 PLSIOOOOODOOOODOOO

PLSIDODOOD qOO0OOODOODOODOODOOO
00000D000000S. Hirasawa and W.Chu[7] 0 O
qO00000000Q0O00OO0OOO SO0O0Ooooo
ggooobbbbooooobooboobog

[Dooooa] (7]

= SO0000EMOOOOOOOOO P(g)O
P(d;|c))0 P(w;]e) 00D DO
2.000 d; O 0max; P(gld;) =
oooooo
3.0 ¢qgO00000000DO0O00DOO0O0O0O Ssooag
ogoOooood

0000000 BUUPLSIDOOOOOOOO EM
obooooooboobooooooobooboooo
gboooooobobooooooboboooo
oooooboooooobboooooooboooooo
oboooooboobobobobobooooboooo
obooooooobobooooooobobooooo
go

P(C[|dz) oo C[

[Doooooo] (8]
00000000000000 0000 d;0

$0000000000000000 4,00d;, =
(tia,ti2,...,tq) 00 0000000000000

goooobz2e0300000000D0O0O0

>, P(wile) = 0000 ¢ 0000 (6)00000
000000000000000000000000

- t1; +a
P(wj|cl) - Zj/(fl,j’ —‘rOZ)’ (10)
P(dile) = 1/n, (11)
P(e) = 1/k. (12)

cold0000000O0OO0O0OC0OOOO

[Dooooo] (8]

1.S0000000000rk=S00000000
oooo

2EM 00000000 00P(e)dP(de)d
P(w;le) 00000

3.000 d; OOmax; P(gld;) =
oooooo

P(C[‘dl) ooo Ci

25 0OO0O0OO0O0OO0O0ODOOO0O

00000000000000000000000
0000000 d; 0000 max, P(gld) 00000
000000000 ¢00000000000000
00000000000000P(qld)0 0000
000000000000000000000000
0000000000000000000000000
0000000000000 0000000000
0ooooo

gboooooboooooboooobooon

P(ci|d;)

I(d;, dj) j{:f)cllog_P(q|d) (13)

U000Kmeans DO OOOOOO0OOO0OOOOOOO
ooooooobooooooooobobobobobononoooo

000P(¢ld) 0 EMOOOODO0000O0O0O0

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O00000O0PLSIOOOOODO0O0O0O0O00O0O0
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

gboboooooboobobooooooooong
oboooooooogo

3 BPLSIOOOOOOO

BLSA (Bayesian Latent Semantic Analysis) 0 O O
00000000000000000000o0O0 3]0
gooobooooooono eMOOOODOO0ODODOO
ooboooOo0ooO0ooOoOoDbOoOo PLSIDODOOO
Oo0OO0oOooOooooopLSIOOOOOOOOOOO
goooooobobbbbbotooouooooooobo
gbooooooboobooooooooboobon
gooo

2003.11.102 000



JAS2119 lA-20000000000

3.1 00000 ¢ 000000000000001{} 000000
PLSI0O00O0O00O00O00OO0OO0 4 (i e 000000 (00
{1,2,,7’1})':' n
.y 2l =Y 1{l =1}, (16)
=1
P(d;|0,\) = Z H (2441015, ¢F), (14)

=1 000oooooz()oolooooo!oooooo

0qO000000000000000(3|,1)0
00000000000000000000000

00 x;; € {0,1} 00000 P(d,]0,\) 00DODODO 2L = > @i, (17)
00<6,<1,5,x=10000 =L,
ko d 0ooooO
P(di]0,)) = Z::H@lﬁylfﬁﬁlﬂﬂ 0000000000000000000000
=t P(X|0,)) =
Dmmmmmmmmmmmezwh%~wﬁyﬁz 4
(0[71, 9[72, cey, Gl,d), A= ()\1 /\2, /\k) oooo )\ z(I1) z(j|1,1) 1 .y z(l|)—=z(4]L,1)
0o0oo0o00o0o0 <HXWA) Z%yg 2 [1 L) ’
n 00000000000000 (9,A) 00000000
pxo,n) =] X)qjm]%wywmfmf ©%)
i=1 (1=1  j=1 fONX) =
k d 1,j 1.7
k k n d 1 Z{ (H z(l [0+ — 1) H H F(ﬂzlj‘ + ﬂQl]')
= Z Z H H 01,,5)77 (L= Ou,,5)" " 0 K lec U\r=1 1=1j=1 L6 (B57)
I1=1 l,=1 =1 Jj=1
0 (15) _(elj)wUUJ)+ﬁ?j—l(1__elj)dfl)—xUHJ)+Béj—l}_
ooooooo
0000000000000000000 KO
3.2 000000000
0000000000000000 f(6,,]c)0f(A) K— E:Ilfl (I'|t) + aw — 1)
00000000000000 X0000oo0ooo = L(n+ ar)
00000 f(6,AX) 0
z(j |zl) 1 (U -z, —1 /. j
(X|9)\ ()f()\) HHH ' ( )H, ! (ZJFﬁé])}
f(0,0X = .
J6,204) = Iy Jo P(X10,0) f(0) f(N)dfdN’ =151 [Ty (48 +67)
00000000000 00000000ononooo ooooooo
0000000000000000000 O0O00KN() O Ky, ;(1) O
~ ~ k l ;) —
(6.3) = [ [©.2P0,Ax)d00x rey(p) = L= TEED v = 1)
0Jx I'(n+ay)
goooooo HI(JU -1 ( _,_ﬁi,j) Hz(l'”)*ﬂ?(j”vl)*l (i—i—,@’é’j)
1=0
33 0000000000 JIIE 1) (i + 87 +67) ’
00000 P(U,AX)000000000ADOOO !
0ooooooo 0000000000K O
f()\) _ F(al + O‘k))\alfl/\ogfl . /\ak—l K= Z K)\(l)Kg(l)
T(ay)---T(ag) ! 2 ke lec

0000000000 0Doooooooooen  LUOODDOOODODOOOOOO0
Oo0oo0ooooo ooo0oooooO0ooooOoOooobooooo 6,0

000000 6,0

c i<9,3>ﬁ’1’""1<1—o,ﬁé""‘l, ) 2(j s
YTy l al,j;z{&(l)mu)(W)}.

ter n+l817] +/327J
0000000000 000000000000q; =10
Y=gy =10000000 (18)
ooool = (b)) 000L = gpopgppoa0o000oO0 &0
(I, 0o, L) € {1,2,---,k}} O0O0DODDODO i !
O0000l=40 000000 (0000000 \ =

f0;

gooooobz2e03b0000bo0oooooon 2003.11.102 000



JAS2119

lA20000000000

)}

1 2(1) +
E Z {KA(l)Ke(l) <n+a1 +ag+ -

lec

gooobooobooon

ZH l|l +Ozl)K9l](l)
= Fn+ar+as+ - +ag)
goooooooooooooooooboooooo
Oo0ooooooooooo

000000000 l000000000000a0o
00000000l 0oo000b00obO000ob00o0o0oon
pgoooooooouoooooooboooboonod

4 00000

00000000000000000000000
0000000000000 EMOOO0O0O0OO0O0
0PLSIDOOOOOOODODOOOOO 30000 10
000000000000000000000000
0000000000000000000000nO
000000000000 00000000 1000
000000000000000000

0000D000000000000000000
P(dil¢) 00000000 P(dle) 0000000

k
> Ple){P(diler) — P(difer)}”
=1

000000000 Pwle)
P(wilq) 0000000

k d

> Ple)Y {P(wila) -

=1 i=1

gbooooooboboooooboobooooog
oboooooooboboobooooobobooooog
oooooobooooooon
obobooobOooobooobooob nOO0O0O00O0
k0000000000000 O(k™)000ooooo
o0 nO0O000000O0O0O0OCOO0OOOODOOO0O
oboooooobobooooooboobooooo
gboooooooboboooobooboboooog
oboooooooboboobooogoobobooooog
obooobooooooooobobOooooooo
oboooooboooooobooon

5 000

ooooooooboboobooooooboobo
O PLSIODOOODOOOOOOODOOODOOOOO
gbooooooobobobobooooooooog
ooooooooo

oboobooooobobooooboooboboDbo
oboooooboooobooboooog

good

[1] M. Hearst, “Untangling Text Data Mining,” ACL ’99
Proceedings, pp.3-10, 1999.

[2] T. Hofmann, “Probabilistic Latent Semantic Index-
ing,” Proc. of SIGIR’99, ACM Press, pp.50-57, 1999.

[3] S. Deerwester, S. T. Dumais, G. W. Furnas, T. K.
Landauer, and R. Harshman, “Indexing by Latent
Semantic Analysis,” J. of the Society for Information
Science, 41, pp.391-407, 1990.

gogogooood

P(wiler)}?

gooooboz2e03000000000000

FHoRRE

AN
0.008 Yy
0. 006 St
0.004

0. 002

(XEWHEE)
0.01

0 T T T T

1 2 3 4 5 6 1 8 9 10
XEH

01 0b000ogboooood

Y _RRE
(BGERER)
2.4
—= PLSI

[10]

11
[12

[13]

1.8 i i S

1.2

0.6 = "% ~ °

1 2 3 4 5 6 1 8 9 10
XEH

02 000000000000

gooooooooo«“cooOoboboobbooooooo
0000000000C0QOO Interactive Education, ”
000000000 3000 100pp.37-42, 200000

gooboooooOooooooboooobooboooo«“oo
goooooobobooooooooboooboboooDrbo
goooz2003000000000000000pp.182-
185000020030 600

goooooooooooooooooooooo«g

goooooooOooooooooooo pCcoOOO
gooooboooooboo20030 800

S. Hirasawa and W. W. Chu, “Knowledge acquisition
from documents with both fixed and free formats,” to
appear in Proc. of 2003 IEEE Int. Conf. on System,
Man, and Cybernetics, Washington DC, U.S.A., Oct.
2003.
J0ooooo0o0oooooooogooooo“PLST
0O00DOO0o0bOoOooOOoOoooor20030 FITOOOO
vol.2, pp.83-840 00020030 900

gooooooooooooooboooooooo«“d
gboooooooobO"oboooboobo 200300000
goooooboooobooonoz20030 1100

goboooooooooooooboobooooboo«d
gobooooooobooooooboooooori1son
goo00o000000pp.144-145000020030 900
gbooooooooooooobooooboboz2o0100d

ooooooooooooooobooo«“cbobooon
gooooooooooobooooor20020 FITODO
O0Opp.83-84000020020 900

Nando de  Freitas and Kobus Barnard,
“Bayesian Latent Semantic Analysis,”

http://elib.cs.berkeley.edu/papers/clustering/bayesian/
, 2000.

2003.11.102 000





