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SmEETILY

e BEEERZITWLWZWEFIC, ENDIEMRE?

W1 = Taro visited Hanako

W2 = the Taro visited the Hanako
NEBIIEFZ=anfE LT

W3 = fat visit ro flower child

W, = XBB I& £ Z &nafd LT
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SEETIL?

e BEEERZITWLWZWEFIC, ENDIEMRE?

‘ W1 = Taro visited Hanako ‘

. /

W2 = the Taro visited the Hanako

ABSI3fEFZanE LT

W3 = fat visit ro flower child

W, = XBB I& £ Z &nafd LT

s ERETIVE [E2&EHL LW XZEATINDS
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EXRMNEEZETI
¢« SETETILDIENICHEEXRZEZ 3

W, = taro visited hanako P(W)=4.021* 107

W_ = the taro visited the hanako ~ P(W,) = 8.932 * 10™
W_ = fat visit ro flower child P(W,) =2.432* 10
W, = KB I EF & Lie  P(W,)=9.124*107%

« P(W,)>P(W ) >P(W,)>P(W,) 5" & L L
. (BFRBOHBEIEPW,)>PW,), P(W), PW,) ?)
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R DET
. XD
T ITx] PME la] Z#ENBHESR
P(x="a") P(y="b") P(x) P(y)

- [EIRFHESR \
T Ix] & Tyl PEABIC Tal & bl Z#E5HE

P(x="a", y="0b") P(X, Y)
o ST EHER \
ZH Ix] D Tal EWHEHEIAEAONGE. B
[yl »° Tb] ICARBHESR

P(y="0"|x="a) P(y | X)
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TNTNOHEROREMR

. FIBSHEsk & A X Fek D RR
P(x, y) = P(y | X) P(X) P(y | X) = P(x, y) / P(X)
. e
P(X, Y, Z) = P(z | X, y) P(y | X) P(X)
. RAZDOFEE (R XA

P(y | x) = P(x|y) P(y) / P(x)
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X DERETE
o NODMERMNMERL L

W = taro visited hanako
« THTUTDLIICEKT

P(IW| = 3, w ="taro”, w_="visited”, w_="hanako”)
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X DERETE
o NODMERMNMERL L

W = taro visited hanako

¢ BHTLUTDLDICRKY (EHDEAZRHWT):

P(IW| = 3, w ="taro”, w_="visited”, w_="hanako") =

P(le“tarO” | WO —_ H<S>”)

* P(w,="visited” [ w_ = "<s>", w ="taro”)

* P(w3:”hanako” | W = f<g>" le“taro”, WZ:”visited”)

* P(w,="</s>" | w_ = "<s>", w ="taro”, w_="visited”, w_="hanako")
5I ;E 10
NEE T <s> ;) &K T </s> 5 iE5 P(Wo =<s>)=1
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HER DENRBSETR

s BIDAZM ROBZLLTD & D IC—HRIE

W+ 1
P<W):Hi:1 P(w|wgy...w, ;)

« UTDRGMIWERODROAIL?

P(Wi‘w()“'Wi—l)

11
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RALEEICK DR

e O—/N\XDEEINZMZ LEIFTEHSZZ ETEE

c(wi...w)

P(Wi‘w1°°-wi1):C(W W)
1- i—1

| live In osaka . </s>
| am a graduate student . </s>
my school Is In nara . </s>

P(live | <s>1) =c(<s>1live)lc(<s>1)=1/2=0.5
Plam | <s>1)=c(<s>1am)lc(<ss>1)=1/2=0.5

12
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i L HEE D [El RE

o« SAEDEKWIHRICTIL :

o | live In osaka . </s>
8- | am a graduate student . </s>
my school Is In nara . </s>

<s> | live In nara . </s>

d

HRTE: P(naral<s>ilive in) =0/1 =0

d

P(W=<s>Ilive iInnara.</s>) =0 14
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1-gram €7 )b

c BEZHAWVWLRWI ETCEEEDIRKRZFH O

C(Wi)
P(wlw,...w,_,)~P(w,)= -
2., cw)
i live in osaka . </s> P(nara) = 1/20 = 0.05
| am a graduate student . </s> P(l) =2/20=0.1
my school is in nara . </s> P(</s>) = 3/20 = 0.15

P(W=llive In nara . </s>) =
0.1 *0.05*0.1 *0.05*0.15*0.15 =5.625 * 10~

15
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R FEE DX Iy

« RFEBNEENDFZEIT 1-gram TIZAEHHEEH Y

i live in osaka . </s> P(nara) = 1/20 = 0.05
| am a graduate student . </s>  »P(j) =2/20=0.1
my school is in nara . </s> P(kyoto) = 0/20 = 0

« L DizH Bl : EFFH) . RABIMEEHEIND
o BDERRIE

- DU DHRERMEFICEIVHETS (A =1-A)

s RKMEBZESUEB=EHZNEL, U TOX THEEXRSE
1
P(Wi>:7\'1PML(Wi>+ (1_7¥1)W

16
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2 AIEEOL]

+ AAEZSUE=H: N=10°
. RHNGEREE : A =0.05 (A = 0.95)

1

P(Wi):kl PML(Wi)"' (1_7\1)N
D(nara) = 0.95%0.05 + 0.05%(1/10°) = 0.04750005
D) =0.95%0.10 + 0.05%(1/10°) = 0.09500005

b(kyoto) = 0.95*0.00 + 0.05*(1/10°) = 0.00000005

17
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n-gram €7 )L & &1L
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1-gram ETIIVIFEEIEZZEE L 2L
o LITOERIZFASF

P (w=taro visited hanako) =

uni

P(w=taro) * P(w=visited) * P(w=hanako) * P(w=</s>)

P _(w=hanako visited taro) =
P(w=taro) * P(w=visited) * P(w=hanako) * P(w=</s>)

19



V/QANAIST ALAGIN #HEIR I+ — - SZEEFI

1-gram €T JUIXEFED
ERMEZERE LWL
. CEMIAY : (BEEERL—)

P (w=iam) = P (w=we are) =

uni uni

P(w=i) * P(w=am) * P(w=</s>) P(w=we) * P(w=are) * P(w=</s>)

e MUEHITHRWX : (REETFRALVFE)

P _(w=we am) = P _(w=lare) =
P(w=we) * P(w=am) * P(w=</s>) P(w=I) * P(w=are) * P(w=</s>)
v v

LML, BRI LEON EEF

20
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YkZ=ZREY 5 & THOR
e 1-gram ETFIILIEIXIRZEZEE L AL

P(Wi‘Wo---Wi—1>NP(Wi>

o 2-gram & 1 BEEDXIRZEE
P(Wi|WO°°°Wi—1)NP(Wi‘wi—l)
e 3-gram & 2 BEDXIRZEE

P(Wz"wo- . Wi—l)NP (Wi‘wi—ZWi—l)

e 4-gram. 5-gram. 6-gram 7R ERE

21
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| live In osaka . </s>
| am a graduate student . </s>
my school Is In nara . </s>

P(osaka | In) = c(in osaka)/c(in)=1/2=0.5
P(nara | In) = c(in nara)/c(in)=1/2=0.5

n=2

2
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{K5EE n-gram DREE

e n-gram $AEH* 0—n-gram FEEXE 0

P(osaka | In) =c(inosaka)/c(in) =1/2=0.5
P(nara | in) =c(in nara)/c(in) =1/2=0.5
P(school | In) = c(in school)/c(in) =0/2 = 0!

e 1-.gram EFILERULK., HEERZAWS

2-gram:  P(wi|w;_ ;) =My Py (wilw;y)+ (1=2,) P(w;)

Lgram:  P(w; )=\ Py (w;)+ (1_7\1)%

23
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B R EL D

« A, &N Dik7REZE L. L

A,=0.95,\, =0.95
A,=0.95, A, =0.90
A,=0.95, A, =0.85

A, =0.95,A,=0.05
A,=0.90,\,=0.95
A,=0.90, A, =0.90

2

—

L o

A,=0.05,\,=0.10
A,=0.05,\,=0.05

_)jEJ

EIREA 2
> ERICEBRAHIH B |

EIRE 7Yy NEXR

Ehmtm< A5 LD I0ER

o) &8
93

27TDn-gram [CXF LTE U A

EHAEECIIRES L) !
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NHk7ZEZRE L 7cmE R DER

JAEDSVVEEE: Tokyo SAE DKV VEEE: Tottori
c(Tokyo city) = 40 c(Tottori is) = 2
c(Tokyo is) = 35 c(Tottori city) = 1

c(Tokyo was) = 24
c(Tokyo tower) = 15
c(Tokyo port) = 10

F & A ED 2-gram HERERE KEVAID 2-gram AB 1\
> RETBADHRBE S5 INESRANEE

s FMEIRHDEBRICEXRZERE :
P(Wi‘wi—l):kwi1PML(W1"W1’—1>+<1_7\'W1.1)P(Wi) 2
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Witten-Bell 3E&1t
° 7\'Wi_17§: ENFIED 1D

U(Wz’—1)
u(wi_; )+ c(w;_y)
u(wi—l) W 0)1£|L-:JL<$; DOEII)E

A, =1

W, 4

o BIZIE,
c(Tottori is) = 2  c(Tottori city) = 1 c(Tokyo city) = 40 c(Tokyo is) = 35 ...
c(Tottori) = 3 u(Tottori) = 2 c(Tokyo) =270  u(Tokyo) = 30
2 30
7\'Tottori::l 7+ 3 =0.6 }\'Tokyo:1 =0.9

30+ 270

26
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o B Z X :

d=0.5

c(Tottori Is) = 2 P(w,=is|w,_,=Tottori )= 1>, 2%0.5 P(w;=is)
c(Tottori city) = 1 3 3

c'(Tottori is) = 1.5 1.5 2%0.5

c'(Tottori city) = 0.5 P(w,=city|w,_,=Tottori)= 3 + 3 P(wi:City)
u(Tottori) = 2

27
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Kneser-Ney Y&k

. HHEIR TR YL < FIE
C EREIEIEEELL P(w,) OAELE
AT

« LEIELINIEEETILTIE 1-gram 2flE [ 2-gram
§3\7FE75‘1_$E’C%73\,\E#J [ Fl R

e s1-gramIiEFLWXARTIHEN YT WEEZEHRIAE

- BEORDY, 1-gram ZXIROERY B x (w, ) TEHE

c(Barack Obama) = 50 c(John Smith) = 7

c(President Obama) = 20 c(Mary Smith) = 4
c(Fred Smith) =3

X(Obama) =2 c(Obama) =70
X(Smith) = 20 ¢(Smith) = 50 28
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. WL AN LDHDRUDT—4 & BE

—EE I—“_ Q

I live in osaka

| am a graduate student £ T)l/
my school is in nara - ??:“:f :E T)l/

\

CEFN
i T — 4~ =i
| live in nara \:E T)LE:F1ME
' haviea}(r)rlsaosi"tﬁgfnnetwork j'-_" rﬁ_
| SRS
I>VkOE-

IN—=TLF*+>7 4
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.
 REBETLMAERSNABORISNET—5
(FET—5 W) DR

PWolM)=T1,.,_PwM)

Mt

 live 0 nara P(w="i live in nara”|M) = 2.52)’;10'21
i am a student P(w="i am a student”|M) = 3.48*10™"
X
my classes are hard  P(w="my classes are hard”|M) = 2.15*10™*

1.89*10°"°

31




NAIST

'jljJ

EILE

° jﬁ%@ﬁ?ﬂ:@é

lOg P(Wtest‘M): ZWEWW lOg P(W‘M)

EET)L

DEMNIEEICNHNI L, HI D LIELITE 3
Bd 5T & CRIBEMAR

| live In nara

| am a student

my classes are hard

log P(w="i live in nara’|[M) =
log P(w="I am a student”’|M) =

log P(w="my classes are hard’|M) =

-20.58
-18.45

-33.67

-72.60

32
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v hOE—
« IVMOE—HIZEDEKE2 DR LEXBEHTE S
/={E 1
H( test|M) W ZW 17% _IOgZ (W|M)
| test | et
1 (v i v log, P(w="1 live in nara’|M)= 68.f3
i am a student log, P(w="1 am a student”|M)= 61.32
+
my classes are hard  log, P(w="my classes are hard"|[M)=\111.84
/
EHZE: 1
20.13

F<ls> BEEE LTRABCEEH BN, COTIRARTLAL
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I hMNOE—¢155kEHE

YhAOE—HRESAONLT—Y2ERT 2D
BREY MITEH D (Vv / VOFEHRERICLY)

e T
oh
%=
1
H=
| W st
a bird a cat a dog a </s>
a -1
~ bird - 000
Encoding cat -~ 001
dog - 010
</s> - 011

i

1000100110101011

Zwewmest _10g2P<W‘M)

P(w=
P(w=
P(w=
P(w=
P(w=

“a”) = 0.5 -log, 0.5 =1
“bird”) = 0.125 -log, 0.125 = 3
“cat”) = 0.125 -log, 0.125 =3
“dog”) = 0.125 -log, 0.125 = 3
“</s>") =0.125 -log, 0.125 =3

34
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N—=TLFT4

e 20DTY bOE—ZE

ppL=2"

« —HRDMDIFZEIF. BIRROBICHS

1 _
V=5 H=-log,z PPL=2"=2

35
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jj/\l/ \\\

o T —HICIRN/ZEFE (n-gram) OHF T, ETI
CEFNTWBEE

a bird a cat a dog a </s>
/

“dog” IR EN5E
HINL—=2:7/8*

* YRS ERVEIZEEIE - 6/7

36
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n-gram

o BE T 90% OHEMENRS AT LI E

I FE

ST T IVLADFE

e TDMDEE (FVWIEWATDKEIE?)

° 771\ IIIIIIn__||:||:||:|:ET)|/
e Za—JI)LRYy NBEETI

« MRERTERIC:

LD EEBETI

¢ TDMDZERES

« BEISEETI

= 16

« T—HDH (X
e EETTI DM
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1
J,
A\
]l][
il
OH
M
|
N—
<

72 Al
=2] E 7&771‘\-%”Uéf%
ZO)SREHMELTIHILEBEEATET S

P(W):H|-M_/|1+1P(Ci‘ci—1>P<Wi‘Ci)

1 =

taro met hanako

ot

<S> 20 15 20 </s>
\v/&\//\v/ﬂ\//

meAt LS ITBEEFNICERINAL I S A ZHE 39
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E‘énno)a 71&'“3

« Brown 7 2 X %1t [Brown+ 92]

« KEDY T R%E=MEY F-WNGE
« SHEDZWEEKEZRDYI T R I
c MYDBFAMEDRIBICNIEL, EEETIHERD
—HFE= <R3 ZRITEN
o HTILT ) XL [Martin+ 98]
« 7 77\9 ML (S 4% L, Brown 2 ET)
« BEZ1ETONEL, FEDI SR BE
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N MIRBRICEDCEEZEET I

¢« VP ATIAZRL, &

EFRIED N ML TRIR

taro

T

met hanako

T T

<s> {20.4,30.2} {15.9,12.5} {32.1,9.2} </s>

A N A N

e —“a1—JJ)LRvY F‘;:i’)<?ﬁ/£/f7b\
[Bengio 06, Mikolov+ 10, Lu+ 11, Niehues+ 12]

BEDRLIELZEE A8

o BRATEICHITBHE

Nw.cy
it
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BEFRICEDCEEETIL
e BEDEFELITTIHELS, RYRZITEER [Shen+ 08]

M

taro met hanako

P(met) *
P(taro | met-as-head) *
P(hanako | taro, met-as-head)

42
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« ZROBREREZFET—FIC. RWngram] &
[ n-gram | ZEHTE TEH

c(visited Hanako)++
c(Taro visited)++

pA W1 = Taro visited Hanako Good!

mro T

W_ = the Taro visited the Hanako Bad

c(Taro visited)-- c(the Hanako)--
c(the Taro)-- c(visited the)--

\

c(visited Hanako) =1  c(the Taro) = -1 c(visited the) =-1 c(the Hanako) = -1
43
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EEEFTIVICE>TRWT—4 T

. LY — 0.44 | y
AEL 0.51BPIX2, oyt
— s E +0. 15BPfx2
2 04z ¢ & ¥ +0.39BP/x2
LL +0. 568Pf}(2
w oy
0.4 | -n
~— .+0 70BP/x2
o
W 0.38 [+0.62BP/x2 .
e e target KN ——
- +ldcnews KN -
*_é—'g 0.36 —/ - +webnews KN -
FKH = target SB @
- +0.66BP/x2 +ldcnews SB ---=-
034 | +webnews SB - e~
1 1 L . 1 L . 1 L . +IWQI|3 S.B ““.-‘”.--I-
10 100 1000 10000 100000 1e+06
=2t 7 )T —% (100 FEEE) [Brants 2007]

o /A XEEZFERL
e RLIZWTFFRMERULDE
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[Jelinek+ 80]
« HETE37—49&LT
« Web R ED—MBOFDKRFET—%
« RLEZVWDH (HAXE., FEifE=R) OVET—4
« ZDIFE. 2DULDEEETIINZERL., BEHEE

P(Wi‘wg:i+1):kgen Pgen<wi|wi::111+1)+7\'trg Ptrg(wi|wg:i+1)

s BIDT—Y TRENEL DL D ICHRBZRE
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(FEMBERCIL EHND )

SEEEFTILY—ILF vy b
e KenLM:
o« RKIEBEALQFEENERETHED., AT arrdbin
« MERMAEETTILIEIAD A EE
« F—TVV—X, AR, BAIFEHICER
e SRILM:
e RELKFEDLNEZEZETIES - BHY—ILFv K
« =TV —R, ARFAABITER., FEANBIEER
» |IRSTLM:
« MDOEEETFILEZY—ILFTv K
« FA—TUV—R, HE. BMHITES ITEY
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mi

B (Y I

HZAGAELBES)—2 4

® W B8 ER

Hy F-we

AR - S - BRTA
Neutig, Grabam « S8 -re

MNatural Lanpuiige Pfocessing Series

38
- BRAESEWNEIO/SIVIFa—MN)T7I(1,2[EH)
http://www.phontron.com/teaching.php

“A bit of progress in language modeling”
[Goodman 01]
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