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Abstract

In this thesis, I argue about the statistical method to detect and correct word segmen-
tation errors produced by Japanese morphological analysis, and apply it to two problems.
One is word segmentation of compounds, and another is detection of unknown words in
the next.

In the first method, word segmentation of compound is conducted by correcting word seg-
mentation errors produced by morphological analysis. I use Hiden Maukov Model (HMM)
for this correction. Word segmentation for a compound is an important technology be-
cause it is required not only in conventional natural language systems but also in indexing
of full text search and retrieval and analysis of retrieval keys. In general, word segmen-
tation can be conducted by morphological analysis. However, morphological analysis has
the problem of unknown words besides incomplete accuracy. Thus, methods other than
morphological analysis have been proposed for word segmentation, such as character-based
HMM. Character-based HMM does not suffer the problem of unknown words because it
is a character-based method. However, character-based HMM cannot recognize a word
composed of many characters as one word. Morphological analysis does not suffer this
problem of character-based HMM. It is rather easy for morphological analysis to recognize
a word composed of many characters as one word. Accordingly, morphological analysis
and character-based HMM are complementary to each other. Concretely, I correct word
segmentation errors produced by morphological analysis through character-based HMM.
Errors of morphological analysis occur in a local part in a compound, and character-based

HMM can avoid such errors. Then, I import error patterns of morphological analysis. If



word segmentation by morphological analysis includes /a/bcd.../, I compare it with the
corresponding part of word segmentation by character-based HMM. If they are different, I
correct the former to the latter. In experiments, I applied this method to 8,543 kinds of
compounds. As a result, this method corrected 178 kinds of incorrect word segmentation
produced by morphological analysis.

In the second method, I conduct two kinds of research which are extraction of unknown
word. One is for two or three kanji characters (TYPEL), and another is for the general
characters (TYPE2). Extraction of unknown words is conducted by the measure for de-
tecting over segmentations using probablity of accepting the kanji character sequence as
one word in TYPEI] and by improving existing scale in TYPE2. A problem of morpho-
logical analysis is the detection of unknown words which are not in the dictionary. In a
morphological analysis of a Japanese sentence, an unknown word causes long word seg-
mentation, therefore, the detection of unknown words in the text improves the accuracy
of morphological analysis. Moreover, the importance of detecting proper nouns in the text
for information extraction (IE) has recently been recognized. Most proper nouns such as
person names, place names and company names are unknown words, so we need a method
to detect unknown words also for IE. Generally, unknown words are segmented into some
words by the morphological analysis. By this characteristic, I define the measure for de-
tecting over segmentations in order to extract unknown words. And, a string rated high
by the measure is likely to be unknown word. In experiments, in TYPEI, the F-measure
for extraction unknown words was about 0.7 (two characters) and 0.4 (three characters).
In TYPE2, I applied to 118 kinds of unknown words. As a result, this method extracted
43 kinds of unknown words. The conventional methods cannot extract unknown words
which have low frequencies in the trainning corpus because they need the frequency of
these words. This method does not need to use the frequency of the unknown word in the
training corpus to judge whether the word is the unknown word or not. Therefore, this

method has the advantage that low frequency unknown words are extracted.
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BWRIIRD L STl o70.

RATN A TN =L T AF-BELATE-AN-4
TxIVy Tx Vv V¥V AF-BELAFE-ANA-E
E0S

BH ra¥ BH 4F-BEATFE-AL-E

B 7V E AA-ER-—K

EO0S
BEM tasy AN £F-EBHAR-—K
EO0S

E vy ¥ BERT-A TR

F 3 F &@E-—K

EOS

B UFY H AWA-REF-—K

i~ i BhER-ERBLER

MR */ 7 ¥ER AF-BIFE

R Hyay E& AF-—K

~ ~ ~ BhF-#EhE-—

T& A% 7< BiFE-83 R - VTREE ERAW

L <Y ¥£7 BBE k-~ #HAR

e % - BhEhER Bk - & EAXW
BE-aR

E0S
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E3E MetMICHI-FENE

3.1 BARSEOMITRITE

3.1.1 XF-HEOSEREE

TFRHBOMABRBEEICOWTIE, PRIV EILPLFALATETNS. HITHRFT

X, EXFOFEREESCTEFZAR LTI RITNIRLT, YoxFERifEbh
BhENI ZERERRAIE LTabATWE. FHRIBTCORRAITIE, HEOTLT 7y
DB, "ETAOINSHRDLUDJEET L AV bh3 L &h T, Z0%, XKETL
7 7y bOEEIFIZ’ETAOINSHRDLU” Cid/2<{, "ETAONIRSHDLC* CH 5 &, H
BSVMI”ETANOISRHLDC" THD R EDBEBLRENTVWS. bboA, DL 2RER
DIXMERAELEDICL T, REBRBRR - T 2DIIYURTHA .

ZO XS RXFOERBEICETIBRRAUBFDITEDNTWAHIE LT, E—NVREF
BEHITHZLBTEE. T—NVAFFIL, T/ (Morse,S.) &AL (VaiLA) IZX Y
BRI, XFEEOTZDOFEAFRTHY, EXFREH(AR—R) L b rEYy—
DEHBERIZL > TRBEEIND. ZRITERBFENRVIRIBIZ, F7= P IIERSERRE
FhdZ iz, V—i3EBRBERRHENS Z LITHIEL TS, B—IL ALY, EEDHR
RO, FBRIEDNIFITEVHASEEHY YT, BBICEDIRWIFITE
BVWHS2EYYUTELWVWS Z 2B, EBRICL, BLEASEEOREWT L7 7Ry
FCHBENCHREOHETHD (M) 2FVYUT, RIERABEORWTC [V—]
ZHY Y TTW3S.

B EEIhiea—2ARFAFEICRZIEN, el JAIL BEBMIEERE:
FTRHOTZERTEBIIERY, FHEOI—RZAEHRIAERTobh T3, B3
CFORER T TIERL, ERLEXFIICET 2 EERE LT b Tna. £3.11%,
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750y a—NRRAPOREXFRLVTXFINEZRLTNS. 2B, KRPFO"T2EAQ (R
N=Z)ZRLTW3.

HEEIZOWTHEHEORENTRbITRY, EEOHS, BEOTHRIINISXFETH
% & —RIIBOH LN TS, EEOERAFEREIC OV THNSVATRbRA TSR, 2
TR L RDDIBEFEIIHTIERTHD. HIZIE, "etter”, letters”,”lettering” 72 EIIFK/E
LIERBRSFBEFETHEIHR, 2o TR Tetter” D OIRE LZBETHY, ZhbZERT
HFELLTHRADIDOPHDVIIRR-EEEL LTEX 200 W HERHS. FLREEA
DR R (B1: BhEIFRA D" can” & 47D can”) LEKEL (#1:"can not”, "cannot”,”can’t”)
REDFETHFETS. LERN-T,, EFOERBRELZRETIHAITIL, EELIXM
PV BREAREIC L TR LERDH S.

K321, TV a—RRPOFEHERER L CEEFIC OV TOFREGRO—HER
LIcbDTHD. RPOALMRE DI, "the” "ol 7 & DEVEREFRIIA FACHFR L
OREF/BLY bEABEEREHNZ LB3DM1S. BB, 770V - a—R_XCHATH HELH
BURE DRV 5 XFHFEIT which" TH Y, BbHBUBRE D\ 6 XFHFFEI should”, 7
XFHEEIX through”, 8 XFHLFEIX” American”, 9 XFEFEIX"something”, 10 XFHHE
i3"individual”, 11 XXFHFEIX"development” Tdh 5. Eiz, FHEEDORE LA 100 EO
HERI— AP ORREFHD 12 TN HIXR2 Y BFEEK (100,237 58) b3 5 0.1 a—
NRAPIZ—ELDPBENBRD- T EFEL, R BEERO 58 ENHEHL W R1DTHE
5.7%7%, ZORETIE, a—_"APTEFEEFICE > TWRWVWER (IRERE, BFR4H, »
A7 TEBINIERE) bEBITITEZNENWS ZLBHALNITENTWS. LOB a—
NAPDF T (&F) RCHBOHEREDITRDATEY, REGBRII2OM(1BIXF /B
FOHFEORE, 25134 7B LUHEIIDOEE) L 2o THITEShTWS. 770 -
A—=NRZARLOB 2—1R%, SEIERRBOTHXRAIDPORDIA—1RATHEN, FE
DIFTOHEERE LT b T3, XBRiIZiX, FHBETHKZ (Hong Kong University
of Science and Technology;HKUST) 23 H.0MT 72 o THRSE L7 B EEF FBR DK 100 FFE
D7 XA b OFEERERBRRIBB SN TNS.
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% 3.1: 770 a—_RPOHEHICE - XFF)

XF | SR | 230FAR | BESE | 3OCFEM | MESR | 430FM | BER
* 17.41 e* 3.05 *th 1.62 *the 1.25
e 9.76 *t 2.40 the 1.36 the* 1.04
t 7.01 th 2.03 he* 1.32 *of* 0.60
a 6.15 he 1.97 *of 0.63 | and* | 0.48
o 5.90 *a 1.75 of* 0.60 *and 0.46
i 5.51 s* 1.75 ed* 0.60 *to* 0.42
n 5.50 d* 1.56 *an 0.59 ing* 0.40
s 4.97 in 1.44 nd* 0.57 *in* 0.32
r 4.74 t* 1.38 and 0.55 tion 0.29
h 4.15 n* 1.28 *in 0.51 n*th 0.23
1 3.19 er 1.26 ing 0.50 f*th 0.21
d 3.05 an 1.18 *to 0.50 of*t 0.21
c 2.30 *o 1.14 to* 0.46 hat* 0.20
u | 2.10 re 1.10 ng* 0.44 [ *tha | 0.20
m | 1.87 on 1.00 er* 0.39 *EE 0.20
f 1.76 *s 0.99 in* 0.38 his* 0.19
P 1.50 ¥ 0.96 is* 0.37 *for 0.19
g 1.47 *i 0.93 ion 0.36 ion* 0.18
w 1.38 *w 0.92 *a* 0.36 that 0.17
y 1.33 at 0.87 on* 0.35 *was 0.17
b 1.10 en 0.86 as* 0.33 d*th 0.16
, 0.98 r* 0.83 *co 0.32 *ig* 0.16

0.83 y* 0.82 re* 0.32 was* 0.16
v 0.77 nd 0.81 at* 0.31 t*th 0.16
k 0.49 F 0.81 ent 0.30 atio 0.15
T 0.30 *h 0.78 e*t 0.30 *The 0.15
» 0.29 ed 0.77 tio 0.29 e*he 0.15
SO 94 3410 30249 131517
T b ¥— | 4.47 3.59 2.92 2.33
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#%3.2: 77y a— " 2APOHEMELE - BiES|

& | WER | 2BFEAE | B 3 HiFEM meR
the 6.15 [ of the | 0.95 one of the 0.03
of 3.54 | in the 0.55 as well as 0.02
and | 2.70 | tothe | 0.33 | the United States | 0.02
to 251 | onthe | 0.23 out of the 0.02
a 2.14 | and the | 0.21 some of the 0.02
in 1.90 | for the | 0.17 the end of 0.01
that | 0.97 to be 0.16 the fact that 0.01
is 0.95 [ at the | 0.15 part of the 0.01
was | 0.94 | with the | 0.14 to be a 0.01
for 0.86 of a 0.14 of the United 0.01
with | 0.68 | that the | 0.13 a number of 0.01
as 0.65 | from the | 0.13 end of the 0.01
he 0.65 | by the | 0.13 | members of the | 0.01
The | 0.64 in a 0.13 in order to 0.01
his 0.63 as a 0.09 the user of 0.01
be 0.61 | witha | 0.09 that he had 0.01
on 0.61 isa 0.08 the number of | 0.01
it 0.54 it is 0.08 most of the 0.01
had | 0.50 of his 0.08 side of the 0.01
by 0.49 was a 0.08 that he was 0.01
at 0.49 is the 0.08 in front of 0.01
I 0.44 | had been | 0.07 and in the 0.01
not 0.41 for a 0.07 thre is a 0.01
are 0.41 | it was | 0.07 of the most 0.01
from | 0.41 | he was | 0.07 It was a 0.01
or 0.40 | into the | 0.07 One of the 0.01
have | 0.38 | as the | 0.07 thre was a 0.01
HFEEK 100237 539929 884371
T b t’— (bit/word) | 11.47 6.06 2.01
T b & &'— (bit/char) 1.94 1.03 0.34
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3.1.2 XF-BHEODHBRFAESH

HIEOHBURM & HEREROMITIX, ¥y 7 ORI (Zipf's law) & FEITH 2ERANISH Y
MOZEBRMONTWS, ZORRRNZ, BEFOHIIRM & HBHE (H 5\ I HBRER)
REBIOBRIZH D LV bOT, BEhEHEOHBRIBAOXEK, HtohE HIARFEOX
e UBEYE EICEBEZHBEEEOREWRICERZ LEATHY OERIZRS. 77
gv - a—=NRZXPOREY, FERICHEEREYER LIy PLELOHRR 3.1 THD
B, BEESHEEIRC ENWICER EITEA TN,

Uy 70EAERNTRYT &, HEHE » FE OBEFEOHBARERA,

P,=—

Lied. CIHEETHY, AEXNBRLRSZa—RARLRDBERTES. Py,
Vx—bX -+ VaA R (James Joyce) D =Y 32— X (Ulysses)] FOEFTEZFDHZ LI
X0, COEIZIZIZ0L THHLEELTWAS.

Py 7OBEIHESEES PREOEFIIIK S TITESN, HEEED/NSWVEF
RPREVEBIIH LT, AROFEFHEZLT LORBRLTOVARY., w0 FATe—
(Mandelbot,B.) X, HEOHBRFERFMO LV HHRELRNE LT, ROXIRLOEE

RLTW3B.
C

T (mt+a)”
vUFATu—tkBE, BOMIZ1 LY bKREL 1/BILE-THEROBEESRRZ L
BTEDLLTWS. TR2bb, 1/B DEXKEWIZY, RE LEXRPICHEDONA N
AREEREDNTWAZ LITRS.

Ty 7DEAIEEOHBEFEESHICHERIC I YU TIRESR, XFOHBREESMIC
HLUTHREHEYVWETATHS LIV, XFOFEITIIRO L S XN EET
EH LI TWA.

n

1%
P"=Z§N—i

NIIXF¥, P, iTHBIEMEDY » BEOXFORERTHS. 2B, ZORIIXFET TR
, BHEOBEESHITHLTH LVELEIE 2o TV A,
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10°

104

LR I L0 1 11/ I Bt B 2

10!

10°
10° 10! 10° 10° 10¢ 10 106
VR

X 3.1: ¥y 7FoE:RI
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3.2 N-gramETI/L

3.2.1 N-gram ETIDEEH

n BEFEPORBZEFEI wy..w, BEZX DN L &, BEFES wy...w, OERRBERIIRAICX
WEZLh5[5).

P(w1..10,) = P(w3) P(wzlt)...P(waly.0m1) = [[ Plusfun...wics)

=1
LL, SESEREFOMRALESHITHL, FEMAER P(w;|w...w;_1) ZRD 2 DITEE
ERFRETHD. BEH L OBE, P(wiw..wi)) 2REBET B0, LAD
DEZRDBRITNIER OB, BENRETNVETHEDITIT, BEROBE w,..w;, &
FHERICAEIL, ETAVDNRG A —FEEHIRT ILERDS.

—RIZHZRATERT 2HROBEERN, ZOHERMD N BORATER LZERET
DEBEZZITHEE, Zhie NE-LVa7ZiBReWVWHIN, BEOLEREEZ N-1H</L
ZBBTHELLETNVE N-gram T NVEHATNS. 205, N-gram E7 VT,
HEIFRCOEFBOLARIZIEMON - 1 EFIZORMEFTHLELTNS. LiEKoT,
N-gram €7 /VIZBVTI,

P(wn|wy...wn_1) = P(wn|Wa-N41...Wn—1)

ERB.

VW, BEFEF w..w, B3 —_SZAPCHBAT SEEE C(w;...w,) TRTZ LIZTS. N-
gram DOFERIY, T— RZAPICHBRTHHEEO NEELE (N -1) BHROHBEREKM»L, K
DESHETHZ LNTES.

C(Wn-N+1.-wp)
C(Wn-N41--Wn_1)
NDERREVRE, FBT—FHoEREOEV N-gram OELZHETI2O5EE L 2
5. BETHEBLETILLEDRATVEDIX, N=253WWIN=3DHEATHY, %
NEN bigram, trigram &FEThTW3. F72, N=1 OBSIIHEBOLREMEERL 252,
INEIT unigram & A TVS.
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N-gram €7 VOEF TIX, FFET—FPICHBE LRWVEFINCTH L TIIEREL LT
0 ZHELEI LWORMBERDHS. T, HEXFFT—FPRITHELTH, HEHEED
INETRBEEFIIIR LTI, MEICEBREOH HHRELHEETHONE LY. ZDXD
REBIE, R/8—AXADORE (sparseness problem) &FHIN TS, A/—ZXRRADR
FRIZHLT B 7edic, SFXERAL—V VY (smoothing) DFRERRBEINTVS. U
TT, RBRORRAL—V VT OFETHEINYIZT + ALV TIZOVTHATS.

3.2.2 NYHOFT « RL—D2T

NI F7 « AA—V 7 (back-off smoothing) i, =—/SAHITHEAL 22> N-gram D
%, BERD (N-1)-gram DEPLHEET I HETHD. ZOFEX, Fy F-Fa—V 7
DHERE (Good-Turing estimator) & FHIN B DX EBIZIL TV, 2B, Sy K- Fa—
VU T OHERTIE, BEEVART, 2o, BEEOHBENRZHELSMIZMEI LWIREEZB
W5,

Ty R -Fa—yoJnie

FBT —FDANR—ARARHRT D5 —o0HEL LT, BICHEREER r 250 T
2L, HREBEREMELEE » 2L WHI 2 LBBIOLNE. 20X 5, HEEK
rEZr ICHETHILE T A ANY T 47 (discounting) EVWY, W d, =r*/r 2T 4
AH Y v MEHK (discount coefficient) LFEE. FA AUV T 4 T EFEFE, FBREK
N Qa—R_Z2P r BIHEAT I HEFE w OLBRERIL P(w) =r*/N LHEESIS. WE,
B=NRAPZ r AOHHATDEBEORE 0, TRT. TARAIV T4 TIZBVT,

Npt1
n,

EESTBEDHELZ T Y N« Fa—) VT OHE LIES.
A= NZAHOHEFE w OHAEFE C(w) TRIILITL, a3—"2APC—ELAEHRAL
Z(T7%bH C(w)>0) TRTOEFEIIHL, 'y K Fa—l U JITXHEBEOLER

™ =(r+1)
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BOMERDBZZEEZEZLD.

n,.r* (r+1)n,pa

Pw)=Y 2l -y T i1
w:C%u:)>0 ; N 1§:1 N
— 7‘17., n1
=7, T—NRRAPEREFER N i:owmi, WORHER Y SL0.
N = Z TN,

r21

L7 »- T,
>, Pw)=1-—
w:C(w)>0

E, Yy R Fa—-V U T7OHEZRAVEREICE, a—ARICHETETTO
HEBITA T HBEDOEH D 1 1ROV (11T ny /N 2RV ZV) TEERLTVS.
DY, REBFE (FT—SRTHBELRWVEGE) [T 2HBREDOEHE 0 /N ZHELT
WBZLit2d. $4bb,

> Pw)=%

w:C(w)=0

NYIDFT - RL—D2T

T, RNy ZFT c AA—TU T ERVIZEED bigram DHEBIZHOWTHRATS.
a—/RAPZHES] wyw, BHBRTIEEICIE, Ty K Fa—) rJOEEBMEEZRANT,
G & FER Pwa|w;) RO B.

C‘(wlwz) — C"(wlwg) C(wl‘IUz)
C(wy) C(wwe) C(w)

WIZ A= RZAPZEGES] wyw, BHBELRZ2WFRIZOVWTEZL). Ty F-Fa—l
VIDWRDLZATEATL DL, a—RARZHET 5T _TO bigram (2w L, EX
ERVWTHE LIEREREORHIL 1 TR LORW. 1 PbDRERE, Cluw,)=0 &2
DX RERBIICH L TREETIZILEERXS. ZITROLIBREK B 2EETS.

Blwr) =1~ > P(wa|w)

wy:C(wywz)>0

P(wz|w,) =
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FDD P(wa|wn) I EXRX VRO ONEHDTHS. BIE B(w) ITHEEE wy ITHL, Clwiws) =
0 22D X5 RTRTOMEEE w, ITHTHRMMERROMELE LTS, B(w) ZEHE
wy DHHABER P(w,) T2 T, Clwiws) =0 & R2 X5 REFEFICHETHZ LITLY,
P(was|lwy) 2RDB. ZDOXIRFERZITRIBEE a £T5L, Clww,) =0 DFE
IZi,
P(ws|w;) = aP(ws)

E2%. ald, HEw KEFTIHEETHY, KOLSCERSIS.

B(w1)
2 w2:Clwywa)=0 P (w2)

KRNy I FT « Ab=Vr 72 RAVH5HE, HRABBOKESWVEFEFIHR L TILE
MUCHXBEEEZ AV, HEERO/NSREFEIICHLTET Sy F - Fa—V) VI OHE
EERAVD LW FENRLDNDZLBHD. Tibb, HYREHKELIIHNL, r>k T
HDHLER d =1(r=r) L, r<kTHRILEDHRTYF - Fa—Y rTOHEHE
ZRAWS. Iy (Katz,S. M.) X, k=5BENBEYRETHILBELTWS. ¥,
Biddi =0 & LTH, ZALMERVWERELTWS. Zhitky, EBETNVORERKE
MO ERZZ &N TES.

a=alw)=



22

4.1 B=R

AETIIBEHAEOMBRFZITO oI, BE OMIERENT & XF—AD HMM L %
RHEOICRRT 2 FEERET S (1).

BABOEESBIIERDEFELER YV R T AO—EREHTE LTHETHHIEITTRYL,
EBYXRBTEL DA VT v 7 AMERCRBROFT 2 LI SE L ShZFOHEEHIIFE.
BEBOHBLIFNIBRICHBRBITICL > TITX 58, 2ERBEOMIZKRATOREVD
R L 2578, BRERFTEZAVRVWEELRBIh TV [4] [8] [9]. £EDHD—DL
LTXFER—ZAO HMM bH 3. XFER—RDO HMM T, XFER—RROTRANFED
BREIXE 2. HELILFR—Z0 HMMIZRBWT, RIE: 25 KRB j 8B T5 L
FIZXF o PHAEIND 2R+ B % uni-gram X° bi-gram 2 ENHH B &, BVIIFFIN
—HELRIFEGRE L BEQERIT IRV BBV, FOEDITTIFIATLTZ 7D
FAIOPDITRBLEL RS, IUARITEMRIXFTIIRL, EEXFLE LTHRFAR EOFER
HIFITAMLU TS, E7 Tsuji ITHREENOHBREEBITREToTWS. ¥
7e/hHIX PPM 7 VEFIRLTHAY VHALVRIER n — gram IZLTWA.

7212 U LR OREIIHIERMET TIXAE LRV, BRFMITICLIUENETIE, BVX
FHINLRI—BEFELZELLBMTDILILLAREThHD. —F, HEREITICLS
HEFEIOBRY IXFINORFHREITHY, HEINRF—VBEETS. ZOXIRX
FH D RATO 2RI OBEEIBNCK L TIE, XFX—XADOHMM BEZTH 3.

2% Y BENFICK L TXFER—R DO HMM ¢ —E O BRFITIIRE0ICFATE 5.
Z I TARITIY, BBRRBITCTELERY EXFER—ADO HMM HHEETZZ L TH
B/BABEIT). EREBRITOBRVEZ L0 LI ICHET3»BBETH LN, T2 TIHE
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KEFTOBRY NRF—UVICEB L, BN —VEREXFER—RAD HMM IZ X B EELHE
HERLUBTHZ LT, BoMEIh2HETT5.
F oA/ LT LEHRBRRBIT AT AL JUMAN 35 ThaZ L 2EELTEL.

4.2 HMM

HMM (Hidden Markov Model, BivwaZ7E5NV) 13, HAV VAU Lo T—EIZ
REBEBBIREORNVEWV I BERTOFRERRRBA— < b LTEREEND (—
BT, = NI TEFNRERERBOESIT RV, SEOERCTOEBELHEICHVE-wL
a7 ETNVITHIHIRE, BAORBERET S) (3] [6] [7). EEIDERHMMiZI2=7 4
F—TRRW. Thbb, HAVVALVEEZ BN THREBEBRINIHE—ICRE DRV
BETE B0V RARFIET CTHB T & HEEH (hidden) w2 7EF L L FHENT
W3, HERF%ZE 24 17T, RHFOT—2 LOR I FEITREESESRE, 7—7 L0
R MMEIZ Y VRV a,b DRBBBIZ X 254 OHAOBERERLTWS. T22bb,
Ry MOE—BERN o D, F_ERZN b OHIERERLTWS, ZOESVVRLVE
5123 abb Th o 73BT D b 2 IRBBEBRINT 515,53 & 51525:5; DZEY MR 5.
SENIHA S RARFNIEMERBIZET 2b0 L LTHR D . BEHMMIZ2RBAFE
RBL22Y 528, HEABOHBIFTII—BIORBOZDBERIRBLE 2D, —RiE%
55z i, REBBEBIZFLVER (CURALEZMLHN LAY REEETZo0RE
B COBBIXEDEN—DLRETE 3. MIFOHEEIX, TAEBBOL XITEREABHA
ShieeEBLNIER. £, TAEBBERETIZEHTE 3.

T Lo THRENE L SNRLRBN, ZoOREEB S, — S3 LT, FH=R
BB S #RIIT, —HDBBE S, - S3 KEHBL, RE S; OBBAEZRE S; OBBLIC
FLLIThIZIW. ¥, y,z ZERETNHALRBOEEEEEORFIELLS. 4%
ZTWAHMMZ M LThE, = Va7ZEeEFLoEEND

P(z;|2i™, M) = P(z:|zi_1, M)
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) = 0.3 Qg9 = 0.2
1.0
i 32
DI O
a19 = 0.7 az3 = 0.8
32 4]

& 4.1: HMM D4
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7, FHREM (hidden) DREDND,
P(yilci,yi_l)M) = P(yilmi—lath) = P(yilzi—l,M)

&%, RIIRBEBICL Ty OHAHEEREZZLT5H0T, RiTBEBITOREBIC
XoTEESBLTHILDTHS. BRDRVWERYHMMETT M OFHHEEA Z LI
T5. B w, AT ZHMME ERO M L3his, RO YE | #H67HT yT LT
i, P(yT|M) i3,

P(yT) = ZP T\z)P(=
L%, ¥k,
P(z) = HP(:c,Ia:"l =[] P(zileis)
»b, ’
P(y) = %: l:_[ P(z;|zi-1) - P(yilzie1,2:)

£72%. H2.4DFIT P(abb) DIEZREZAVTRDTHL Y. EIZOBRLBY ] Plyslwi-1, z:)
$0 12 B RVDII=SORERIIE T Thok DT, =D& & DRI L BES Py (abb)
Py(abb) & T,

Py(abb) = 0.3 x 1.0 X 0.7 x 0.5 x 0.8 x 1.0 = 0.084

Py(abb) = 0.7 x 0.5 x 0.2 x 0.7 x 0.8 x 1.0 = 0.0392
WX, P(abb) I,
P(abb) = P,(abb) + Py(abb) = 0.084 + 0.0392 = 0.1232

&%, PEhb, HMM MIiZROASDIME
TERIND.

o §:RBOEMES ; S = {s}

o Y HATVARNDES
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o A:RBEBRROES ; A= {a;}; a;; ITRB s; DORE s; ~OBBER, ZZ
T

Z Qi; = 1.
J
o B: ﬂjﬁﬁﬁ-?ﬁ@%ﬁ“ ;B = {b,:(k)} ; b,,(k) IIRER 83 MhHIRER 33 ~DBBOBIZ
YURNE ZHATHIHER.ZZT,
) b;(k) = 1(BE# HMM)

k

f " bi;(k)dk = 1(E#E HMM)

o 7 DEIRBREROES ;7 = {m)} ; m HOHHRER s; ThAREE.

ZW_.; =1
j
o F: BHREBOES

IITHERZETHONR, HAY BARESORE LERESORELBHDHZLT
Hd. HxDFHITONWT B ORBEFERRR-TL 5. FiEFOHAIL, HARERIMIL
BT/ ORI AN v I THDB. VUVRNMIBTRESENLHLNED B Z2RDT
TF—IMELTBITSE. —F, BEDOREDOENIX, TVARHD L S 7 (EESH) TE
2bhbd. EEAMORL, VYURMIERESERY, HOLLDT—TMLLTEIT
RODT, HAVVEARBRISNS Z LT by(k) ZROBRFER SR,

¥y IRENICERRBICBAR SN EE L ERERBZ L ICBRIEh2BE LA
HB.

4.3 Viterbi Algorithm

ZODHE w, & w, IKHIETE HMM M, & M, 2EESET—20OHMM M, %
BRLIZELED. ZOR, M, OFKREND M, ORI~ VBB ZERIT CEG
THHDELEY (BBAWIE, M, ODEERES M, ORBICHERIETHLRY) .
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M3 E ADXFFNHIET DHAY VRNVERT] y1,y0, - yr KR LTEHRRO T AT Y X A
T P(y1,y2, ", yr| M) ZRODDZEBTES. Zhid—IC,

P(yl,yz,”‘,yT)|M3 = ZP(yl,yz, "',y¢)|M1 X P(yt+1,yt+2a "'ayr)le
t

ERBTED. Zhix, M, OBHERENLIEDORBA~OBBEIX M, OFIERIEBIZ
NELNIZENOHALNTHS. EXOBERMD, P(y,ye, -, yr|Ms) OEHOBRIZI,
wi (M) iZb 2, b ISHET DLV RAVRFIRE y1,y2, 7,y & wo(M3) b0l bk
SHIET BV RNVRFIEM y1,y2, 7 yr ERETIHEITERV. & ZABFERTFOH
ENBDODICZOEBRBEERFR ¢ ZHV V. TIRO L 5 RESR

P'(y1,y2, ", yr| M)

NoRBHLNB.

P'(y1,y2, " yr|M3) = mf-KP(yl,yza Y| M1) X P(Yeg1,Ye2, ", yr| M 2)

ERXROBRILELO TS INRUREREDELONS. BTy, ZHMM M,
DHE—DIRIBBBICHIS SR Z LIIRD. ZDEZZTRTO 3, KHETHIE, R

P(y1,y2,"",yr) = ZHP(zilwi-ﬁ - P(yi|@iz1,%:)

DRPYIT,
P"(y1,y2,"yyr) = mf.x{]] P(z;|zi-1) - P(Yi|zi-1,2:)}

ZROBZLITRB. z

THIERD {} HOEEZBEKICT 5 REBBRS_ L TORET Py, y2, -, yr) ZEET
BHbDTHD. ZhiZE->T, F£ED y, IE—DREZBBICHESAMIT ONE. ZORES
BRI BB R LS,

B/ R & Z DR ETORERE RO Z72DI21%, BHEEEZANWS. o7y X
L35 Viterbi IZ X o TREINBN D, Viterbi 7TATY XA LFHINTWS. Q(3,t)
% P"(y1,92, " ¥t) = P(y1,v2, s Ui {2}) BRKIZT B 82 (RIBBBRF) , £(i,t) T
DOHER L EHFET B & Viterbi 7V T Y ZLZIUTTEZONS.

Viterbi 7 /v J X A
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1. b

FTRTORB T LTS(5,0) = =
2. t=1,2,,T IZRLT (3), (4) ZRAT.
3. TRTOWRE i I LT (4) 2FET.

4. 1= argmax f(k,t)ar
j

£(i,t) = max{£(5,t — 1)a; - bj; (1)}
Q(iat) = Q(.;st - 1) ®3

5. ¢ = argmax f(z,T)
ieF

P”(yl’y2a ”'7yT) = P(ylay% "ty yT’Q(23T)) = f(z’ T)

ZIT, @ IREBEBRIILRELZERL, FrRREBEEBRIIZ L 3R —FT
b5, BEREBBEBRINE (B@/R) X Q:,T) TEAbh3. HMMIEIC X 3RHTII,
P(y) b bWaRbVIZ, Z0 f(,T) ZRVWTEXE2 52X 3ETADIT Y — 2B
BERLTDIFELDY, RAEOBBRENELNTNS.

4.4 HMM ZRW-EESE

BABOEEITIICFRICHEEBEOEABFEETINLL2VDIOEL LNDESZHIY
WTHRBIC— /RN TE 3.

ZZTHI—EHMMOEBEETRT.

HMM IZIROADTEHETX 3.

o S:RBOFMRES ; S = {s:}
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X 4.2: Viterbi 74T Y) X A
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X 4.3: EBRTE- 7= HMM

o Y AV U FANDES

e A: Rﬁ%ﬁﬁﬁ%ﬁﬁﬁ ; A= {a;,-} 3 Gij IR 8; N HIRER 8; ~DEBBHER, =2
<

Za,-,- =1.
j

o B : HABRDES ; B = {b;j(k)} ; bij(k) IZIREB s; 1DRIB s; ~DFBEBOBRIC
VUBRN k BHATORER. T

Y bij(k) = 1(#E#k HMM)

/_ ” bi;(k)dk = 1(3E#k HMM)

o 7 DBRERROBE ;7 = {m) ; m TTHRER s; ThHREE.

Zﬂ‘j:l
J
o F: EiREBOES

X 4.3 IZSEIHEELEICFABALZHMM M 2777, £7-X 4.4 IS5 EIOTFLVTOREEE
SEDG 2 RT.
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[% 1T B/E 5/E %/
© TN
@ ® ® L @

X 4.4: HMM IZ X % BiF55rH

ERIHESTRT L, REBOESSITHBOERABEET S (1) L LRV (0) D2 20K
Bl Fh, HAVUVRLOHERY L LTXFR2EXL. TITEIXFER, ¥
BfEoTWAXFOETH . RREBBHEE A ITEETT, OHREBHESE ~ LEKRREO
E£AFIX{1} BV, HLiIHHaX bo£ES B 2RETHIEHMM MHBHEET
5.

HMM TREAV VALV RFIB LD L S RREBE L > TE P2 BNFHEEO—ET
55 Viterbi 7V TV XA I VHERTHZ LN TES. TROLXFRICEFEOERNTEF
ETHINPLRVABEETE, EESFINITZS.

¥, AEOBBTIIHA 2R PTIIR HARRLOER, REBBOLLLLER
HBETENIZIVOT, BRPIR MNOETHRBEERVOTHAa A M LE.

4.5 XFOHREEROHH

B ZRME: 0 RIB j ~BDLEXF o« YR TZ2aR LT3 ZOBRE, EXF
a \Zx9 % Biy(a), Bio(a), Bo(a), Bu(a) 2R3 Z L2 B OBEITHIST 5.

B;j(a) ZR® BT, T3 HREFR CD-ROM’90 O 1 E53OFHEE L2 THEBHRAARTL,
BEBEMOVHLE. BV HLEEEEOEXFERI L, TOXFOELRICEEREMNM
HENE I, DEVRENRDNS. 4§, XF a DEDREN i, EOREN j, THD
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X5 fB8E C(,5) &3 5. Iz TARSE &5 MEIRERBITC LY, /B8R
B/ LABISh307T, C(1,0,H),0(0,1,8),C(1,0,E),C(0,1,5) Ehah 1 3340

[l

Bilo) = loga Gt

ZZT IR j TIRVWRIBL T3, 2V j=04b37=1ThY, j=1720
3j=0Th5.

LROEETTY B IXBETE N, BEEZHITS7-DIC bigram 2FHTS. £7
C(i,j,ab) &2 5. ZIIIXF a DEDRIEMN i, HAOWRER j CEIZ, XF a DROD
XFER b THAIEEREFRT. TOHEIECMYHLEEAE L/ ONS. £z B;j(ad)
EREB i HORIB j ~BDLEIIXF o« KHEAL, LEBXF a DROIXFNR b THD
LEDaRA LT B, Byab) HUTFORTHE L.

C(i,j,ab) +1
C(z,j,ab) +1
Bij(a) & Bij(ad) M D#IEINE L U #T=/2 Bj(a) ZUTORICESR L.

B.'j(ab) = 10g2

Bj;(a) = a - Bij(a) + (1 — ) - B;;(ab)

ZZTiXa=03&L7.

XFOHBEIX FOEEH

UTFIZASERWETF— LB N XFOHBE X FOHEFZRT.
7272 L, Bi-gram TiX, XFFOEFLBEIZ “x” BHAERTWHEHDE T3, ¥
#Z 41 ZXFOHE R Ol RT.

A0 X A LWHRE—THY AOLIXZ A/ THVALW X /A EVIF—1. Ei
All it /A/ L BoTWBRE—VThB. CHRTF—FDHTENTAD HF—HHA
SNEE. 22T Y IOWTHESIZRT
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Boo(3#1) = log, 4‘(1’;1)% = log, Z?g% = log, 0.022239191 = 5.49075
By (¥) = log, % = —log, Z%E = —Bgy = —5.49075
Bio(#) = log, % = 0.509734

By () = log, IATT+1 _ o 509734

12064 + 1
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F£4.1.XFOHHFEa R

a,i,j | C(ij,a) | Bij(a) a,i,j C(ij,a) | Bij(a)
#00 | 931 5.49075 AHHO |15 0.169925
#01 | 41907 | -5.49075 FHEO |17 -0.169925
#7110 | 12064 | 0.509734 AH10 | 122 -5.35755
#11 | 17177 | -0.509734 AE1 |2 5.35755
&00|3 5.45121 &% 00 |0 6.61471
& O01 | 174 -5.45121 &% 01 | 97 -6.61471
K10 | 455 | -3.97490 fax10 |0 4.16993
x11 |28 3.97490 %11 | 17 -4.16993
00 | 247 1.46786 [E1% 00 | 0 3.45943
01 | 685 -1.46786 [E¥% 01 | 10 -3.45943
#1079 -6.32192 %10 | 0 1.58496
#£11(0 6.32192 %11 | 2 -1.58496
%00 |0 0.0 JEVE00 | 3 2.0
%01 (0 0.0 JETEOL |0 2.0
%10 | 17 -4.08746 JEF 10 | 0 0.0
%110 4.08746 1|0 0.0

4.6 XFA—AHMMIZKXSHEREHEFESEDRYEE

4.7 WEFRMBAHNKRZINI—2

—RICBRFT OBV ITRAFBC L >TAELS. BEAFBOHFIIILALDER, 2X
FHONVIIIXFNOHREINS. ZODKRAMBHFITILAEUTO L S ITBLH S
nd.

2 XFEDKEME OO0 — /OJO/



FAE BAEEBEL/F~DEH 35

3XFEOKRME 000 — /0/O/O/ OR /O/OO/

FERAMFBTIIRVAE, JUMAN OBA, UTORY O/ —RZHBET 8L LT,
BRI XFTRIENTVWEIERHSZ. X WV HEBRMET C1CREELE#BELTY
BEyiE, BYTHOTREMERDB.

FORRSRARAT ELWGE/O/O0~ /O0O/O~

—%, XFER—RAOHMMIX, Z0 L) 2R EESBICEDTHS.

BITHRT &, [SARRRIER) DOBEFELBNL, /SHA/RIEER/ ThHIT37E8, MRERITT
IRBEENTWARY HEEER] A3/62/HER/ L BRICHBShS. ZHITRETIARRY L
Z5.

XFR—Z2DO HMM TiX, ZOHE, “@ ORICEBERARHZ EVWIREDTLT ¢
& L “lU” HDHWE “fE” & B OBEROMIFRBZZ LiciB. “@” &« OfF]
DEFILTE 57288, [R/O/ L WO HENEIDNRF— 1 XV /RO (R, fKRZRE) L
HHEBEBEIDNF — U REVDT, RO “@” L “l” ORICIIEEERZEBEITIKE
BRBOLNS. K411 BERRFBITORYOHFITHS.

4.8 HMMMDRBZ/INZ—2

XFEN—AD HMM THRIRWICFFIBR—HIEL 22 & 5 RBEICBRIC T 21TV BE
SEIBRD. THEIXFER—AREERNICRFTRRRIN 0, BEEOEARHLINE I
BHMTBIDITELTWS. BIXIE, TY LAV AVER] OBEESFIX/Y LAY AL/
T/ BEMTHDH, HMM T, /U LAY/ AN/ RS/ LBRICHEILTLES. Zh
Y UAVANVEWS BEERATICEFEREAZHUH L TV D THS. HRRFETT
HHEBIIBRFINTWADOTELLAETE 5.
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& 4.1: WIBREHTOR Y OF

R TERBRAEHT DR Y
[8RA [ BETURR / JEA /B /IHBER/
3ER /T / J3E /R /
/36HE/ /56/H [
=zl YY) [T/ EF /IS A/
[ FEBAF & [ [ [EBIF /% /

[/NRIE—BR/EBAR/ | [/NR R/ —BR /BB
/R [ RIKER/ JE &/ [REB K [RER [ IE&

[TBIR/B/ [ [/
[TEE | [RR/BEE/
[#&/N] [%/&7]
LEIE: ik

F72 JUMAN Tit I—RERLEES) LV O XFFIBR—BFELRoTWVWE. ZOXF
FIREEOIIZ—EHBEL I NEBETIIRWY. BELTWAT Y r—yaizBnt—
BHEL LTRWEWEEZ, HFIC—HEL LTRELTHIE, —HEL LTEITR
EThHAHS.

STCID [—REMLBEES) ZEBIBTIHET—EHBLTIONERTHS. —
B [—REGR) BEBEIET 581, /1/KRER/ L 3 OOHEFL LTRITT50ONRIE
BTHD. DFD “1” & R OMICHEFEERABFET I LE I 0EHET5ICiE, “1” &
“R? 12 ORFTRBER TIXHETERY. EHIZINIT “17 & KRE” OBRD BV
“17 & “REM” OBRRCITILR L THEBREABFET I L ) MIHETE 2.

—7%, —ROBBRENIT (—REMRLBES) 2 —HE (—KRER] % /1/KR/ER/
LT BDIBETHD. & 4.2 1CHMM ORY O—FilERT.
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# 4.2: HMM TO Y 0 fl
1B HMM CTO# o = 45%
/51 & 53T/ /51 & [53F/
[RUIE/BH/KE/ | /RL/5¥/5E/KE/
[E SRR A R [T [ Bk [ ERR [EBR

/3% %/ /3E/% /%)
| =8 /BB | BB/ E
JHEEED [R1B/ [ B [R1E/
Y 2 T/E/ [RY [T/
B BR [ /328 B

£43: EETH A F—V
FoRBSRAENT | HMM

/O/O~/ | /OO~/

4.9 HAEVFIREE

B L7z & 51, TBEBRMENT & XFX—XO HMM OZNENORAIX, WIS
ZEBIND.

AR T, FBEBREAT L CFE_— R D HMM 2 HEENICHA L EABORENE %
175. ETHERBINCL 2EESB L XFR—R0O HMM IZ X 3 BESFI 2 LT LTIT
VW, BEORREZLETS. EXANICIHERBITORBREEATIH, UTOoRF—>
3%, £0OHy % HMM OFRERITEET 5.

ERELT, /O/O~/ £/00~/ OXFFIOESIIZLL, Lidb, EFESBO~—
ITHD 4 B—EHLTWAERIE, BOEHREOHLD 2ERLAEFEELRY. T
R 4.4 DERFTHEROTHREIB LRONF —ITHTITES.
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R 4.4: XF— DY

HMM T RBSRARAT
J8A /BEDUBR/ [ e /MR /
J3ER /T / J3E /R
368/ /38/H/

SRR RIS A | JFT R mE A
JTER ] | R
JXBIFEZ] SN | KBS
/TR B TR/ BEE [

4.10 38
4.10.1 SEBROFIE

1.

2.

&R OFEILE (94 FER) 1 ER0 0, BEBEMYHT
TR AV THEESEZ1TS
ZORREANTXFOHBR X FERHTS

XFEAN—RZDO HMM CTHESEZ1TD

FRERARIT & XF_— A D HMM TOHESFIOEREZLEBEL—KL=HE Lizho
=iz bitd

—B Lo POPFTHEENELTHL LRP>THITDITS

BERECTHORPTEPHREEL 27c b O LBRELE T PThiT 5.



FHeE BOBHBIE~OILH 39

£ 4.5: REIDEIE

T B SRARAT HMM
JRER /) J3E /T
BB )7/ VYL
JiB/InA/ B/ A
TN, I
Y =T BB
JE /B —] S A [HEE/H—) S A
EH- SN JEE R
[/ VE— R BT | /N B/ — BB /S Ba /
JRRE/RRER ER/ | B /KRR SR

4.10.2 SEBROGE

8543 B DHEAFEITH L TEREITV, BRBRRFTORR L XFX—ZD HMM OfER
AS—B L7993 7760 FEIH (90.8 %), —BL7Rd > 7=#id 783 T3 (9.2 %) Thole. — K
LMo 7eHOPTEENRE Cedid 212 B (2.5 %) Tholc. —HEEKE.L ITTT. X
TAEERE U Do sTI R TH -, o571 RISk L Tix, HBRETOR
RERATS.

EEMRE T 22 FEICOWTHARSD &, 128 T8JH (84.0 %) IXEME TH o7, 4FE
(16.0 %) RAREMRTh 7. 7EL, MEHOPITIE, BERBITCIIEFIFTHR
VRHHIFEL, EMRBBERRYN 15 EEHoT=. MRIBRBRBITOSFBE Lok
WX TEEPI9EETHS. SEVERERLZERET, EELLYD2M4ICH LTER
2i19§ =9.0% Thol.

B 4.5 ITEROEREZRIC LD THS.

ERX—& A, [BERH OFIID LEERTHD. —A, SEONRF—TRNEK
SIEBRDOBEMTEEHE 5
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8543&%@#&-%%75\5%&

; '

—H:77608F —BLEMo)-:783FE

I
v ’ v
BEEMNELT :|21 278 BEEMECLEN>T-: 571785
! v v

HMM-IEfZ:178%%E | BBk 158E |K-IEfF: 19088

X 4.5: EAEHBIBORBRER
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EEDOERRE (IEAE : /EE/ /)

VETh -V VE -V
1
ES- VNV
l

ES -1 Y
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4.11 &EEE

T TCRBLAEFEIRABIINLT I ERERENTHS. RAOFBIZAHLTH720
DOERBITZ AVRWERFETIY, ZZCHEL LEEVWXEIINL R 3 EELBR
KHETBLENIRABBESTNDS. EFERZOREERRL TV EATERL TV,

RV DI NRN—FIRORIZR-Te. FUF ATBRAE 83O TRV 1328 FEE
HY, TN H 26 TEEH (92.8 %) RABEOHBMAHAATER LERY LRoTW . ER
TIL84.0 % ZEETETNADT, HRMIZRVDT8.0%ZEETESLELLNS.

MR L UTIIABIZED HMM TREEBRBITOBRE FL—=v/F—2 L LTHIA
LTRFA—FEZBTNBED, Po—=VTF—Z OFRBRBITOERORY 33 HMM
DEEZEL LTWBREAD—DIZRoTWEEELX LIS,

TN EhbE%IY, SEOFETCHEONEEREAWT, BERENOBREEET
HZLEBELTA.
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E5F RHFEHWE(TD1)

I T, BREBTOBR,LBLFZRHTIREZHEAL, ThEFA L TRAE
BT 2 5FEEBAT 5.
AETIIAHTIRHRE2HDIVEIXNFNORZEFE L. £, BaFZRHT
5 REUFFIBHEEIT R DMERPORD T

51 &&=

TERBREHITD 1 DOFREEL UTRMNFBLENRDHD. BEXREFEORS, RAFIZL-THE
KEFTOHEIFNRY, WERBTOBERLO—RBLER-TVS. ZOEHDTHR b
PORMEBEEZRIHT S Z L1, BERBIOKER LICERT 3. e, HHbHo
BALE L L CEARBEMHOBEEERBRINTWS. BRREMHHZITR >BE, AL,
4, SHEAREIIRMFEL LTHLODOARLT WD, T2 CTHhRMEBEEZRET BT
EEhTWwa.

THXAMPOHIXFEZTLEDE ) RBAXFINET XA FMHORYHLTY, €0
XFINRFFBICEBREINTORVESR, TOXFEESULXFIINRRMBIIRoTNDB I E
Bod. ZOBORMBIIEETRONZ I TXFETHRIND Z LHBEL, FEOEDY
BZMBTHIL T, HHRE, MHIITETHS. RuEHHOERER AIBEME» S
BRESNDXFFIRRMEBEL RZBAETHS. ZOBOKRDFELRHT B2, FOBE
FIREFEFE LTELVON», 2L LTRAFELRoTWAINDHENRGERERS.

ZDHIRETRIGAI, BEB/LRIBOXICETEEITRETHS. #flxiE, (A
REE EWVOIXFREEZXTHD. Zhix, TBR) & TEFE LW 2EENLE
REh2MELEZNT, HAETHD. —F, [HREE X1 o0HELEX, =
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~

OEBERHFHFICRMINTORITNIE, RAOFELRS. 1 EFELAREIEEELRIOH
TZLORAMFBMHEBLIONEZN, TITREOLITRABRNILIZTS. 1| BiE
LCTHEXHABEAFBIIREOEFL LTIRL, RAFBLIZELR.

ZOMBFELE DL, BEMENOBRENDRMFBOXFIIRIILENEL, Fic, BEF
POBRINIRMBORIII2HIWVIEI THEILBXDI LR TES. AR TIIEF
2 XFHDHNIT 3 XFENLOBRINHEKRMBLHMBOXNSR LT 5. YR, TN OFHE
PO ENIRATBTORBOEETH S, iR Lk dIZ, VFIFPESTERI
NAKRMBIFEOLEDY B OHLBEHMTEH0T, ZITiIRRL LWV, Xk
VR4 S ROFBOMHOEERBRETIIH M, FEEFEOL S 2XETIE, FR4
THRESNILFADESIMENEE X, ZITiTrke L.

ZZTCRETIFEIE, TTHERBITEZITRY, bOBETEIPRE LAY — ik
BB, TOREFINRMBOTVEMNNSHS LBXT, RMBEHREL LTRYHT. RIZ
FOHEFNEMRTIEHEEBEOXFIIN 1 BFEL LTHoDbhIHERLERTS. 4, B
FwOXFFINR a DL, w=|a LB LTS, KT, XFH o REELLTH
bbNBERY P(a) LB ZLITT 3. £ LTHES |af|8| BRMEL 25 RE m(af)
ZUTICL > TEETS.

m(af) = 1 - P(a)P(B)
ZOERHIBEEBL BT, RAOEEL LTRIETS. P(a) O#ER, 2—/3X (b
V== 757—%) b, UTOXTRDTEL.

ZIT, cal) iTHEE |o| D3 —RAFOHETHY, c(a) ZXFF] a Da3—ZPOH
EThs.

AFEIIXFS of BRAFEHE D DOHWNIZ, I—/RAFOD of OFEEZFIAL T
V. ZOTed, T—R"AFTEFEORIBELRIBTEL VW IRFBEDHS.

¥, KB THWEHREBEREITIE [RZE (version 2.0b) | THHZ &EERLTBL.
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5.2 NA—2D5HEE

AETOFRMEMHOFRITZ2 XFEHB WL XFOEFETHD. ETTHDIZZZTU
ToREZBL.

e EFS a BRAFBTHLILEE, a ZEDLXEHBRENTT D L o ORTLRICHETE
SEOGNERETLD

CDERBIZETAPNIFEETIN, FLALDOBEEZDREIIHRILTWS.
FRROEEBRILLTWABETHE, BEFEXF a & b D 2XFF ab BRAFETHo7-
BE, WBRBITICE S ob ODEESBFNIUTOL STk 5.

o NF—0: |abl = |a|b|

ERBFEXF a,b,c DD BEFEF abe RRHAFBTHo-BE, WERFRBITICLIE
ENEIDERIZILUTD 3 2OBEEOVTRNIC2S.

o NF—1 : |abe| — |a|b|c|
o /NF—2 2 ¢ |abc| = |albe]
o NRF— 3 : |abec| — |ablc|

IRoDZ s, ETIEUDITHBRMBATZT RV, HEIFIOKERN L0 —
VICHTRE-TBFIE ROFOBRMLE LTIMY T LB TES.

5.3 XRHMFEZRHISIRE
5.3.1 BHRFNZHETIRE
XFF o D1 BEIIRIERERDOLIICEETS.
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L, cla) ik a—_RRPRXFS) o KHELEEETHY, o) iEXFH a B1HE
BLLTHEALEZEERTHS. Zhid, XFF a BHbbie &Il a B1 BEFELLT
HobhBERERL TS,

HEIIRBETHD a B 1 BEFIZRIRLTVENS Z Lida BRAFIZRVOTVE
WHZLTHD. ZDTLhd, XFF a BRAMFENE D DL P(a) DKE IH LHE§
BZENRTED. LML, a BRAFBTHIHE, XFF o B 1 HELLTHRTIH
Bo(la)) B0 LRBED, o TRAFBTRVEHBESATLES.

ZIZ T, AR TILRABHEDOHEL LT, R P(a) DROVIZ, XFF] o BRMZE
2B REZBWS.

FEF| o 3 HERBTICLY |8y L HBEh LT3, XFEFINEEL 2 HRERNH]
B OTFFNARTE L2V & B ZLESCFEF] o B XFF |B] KBS hBRERIX P(B)P(v)
LT B LB TES.

IDZEnb, BEES o M1 BELRBIRE m(a) #UTOX S ITRDE.

m(a) =1— P(B)P(y)
ZOREMEBRREWVIZYE, TOXFIRHBINRWATRBERKE V. OF Y RAE
THAHFEBERRE.
F7enF—2 3 DBPRITOVTIE, m ZUTOXIITEDS.
m(abe) = max{(1 — P(a)) * m(bc), (1 — P(c)) * m(ab)}
¥, 2 3FF| ab BHFFIT/2HHER P(ad) iT
1 (c(ad) =0 D & &)

P(ab) = { (|ab))
<(ab) (c(ad) £ 0D L &%)

£¥5.

5.3.2 HERTSIERF

AR L= RE — U OWTRE m 28152 LT, RaELHHTE5. L2L, R
EOBERIZIIBERMENRTFET S, FlXE, BEFS abedefg DIERENTIC L AEFELHIO
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| |abllcld|elfel

IN2—2~1 %
Yes o ngm om0

| ab | cde | fg | | ab|| c|| d ||e ||fg |
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[ 3k ko ok ok ok ok ok ok sk ok ok ok /
[ Hdekk shaku.h  #skksksnk/
/) 30k s s sese s ok ek skl oo o ook ko sk sk ok ok /
#ifndef __SHAKU_H__

#define __SHAKU_H

#tdefine UNIGRAM 89734488
##define BIGRAM 65102698
#define TRIGRAM 40470908

//Include Header Files
#include<stdio.h>
#include<stdlib.h>
#include<string.h>
#include<ctype.h>
#include<fcntl.h>

#include<gdbm/ndbm.h>
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//Function Prototype
double kakuritu(char *wl);
double kakuritu2(char *w2);

int segl(char *moto,char *alphal,char *beta2);
int seg2(char *moto,char *alpha2,char *beta2);
char *lastchar(char *alphal);

char *kind(char *moji);

char *firstchar(char *betal);

int hantei(char *word);

void chop(char *p);

int word_dbm_r(char *word);

int mix_dbm_r(char *mix);

double P_a(char *a,char *b);

#tendif

/***********************************************/

/* TRRBTOBRIPLESFEZRHETIRE  »/

/***********************************************/

#include "shaku.h"

int main(int argc,char *argv[],char *envp[])

{
FILE *f1;
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char buf [256] ;

double P[10];

char a1[100],a2[100];
char b1[100],b2[100];
char jisyu[10],first[10];
double L=0.0;

if(arge !=2) {
printf("error argc=Yd \n",argc); exit(1);

}

if((f1 = fopen(argv[i],"r"))==NULL) {
printf("\"%s\" cannot open!! \n",argv[1]); exit(1);
}

while(fgets(buf,256,f1) !=NULL){
if (strstr(buf,"E0S") !=NULL) {printf("E0S\n"); continue;}
chop(buf) ;
segl(buf,al,bl); // /MA/BRR/DD /HA/ /ER/ T 3.

//printf("buf = Y%s\n",buf);
//printf ("UNIGRAM=Y%d\n" ,UNIGRAM) ;
//printf ("BIGRAM=Y%d\n" ,BIGRAM) ;
//printf ("TRIGRAM=Y%d\n" ,TRIGRAM) ;

//printf("al = %s %d\n",al,word_dbm_r ("#L&"));
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//print£("bl = %s\n",bl);

P[o0]
P[1]

kakuritu(al);

kakuritu(bl);

//printf ("P[%s] = %e \nP[%s] = %e\n",al1,P[0],b1,P[1]);
//print£("P[0] = %e \nP[1] = %e\n",P[0],P[1]);

seg2(buf,a2,b2); // /HA/EHR/ D /HE B/ T 5.
//printf("a2 = %s\n",a2);
//printf ("b2= %s\n",b2);

P[2] = kakuritu(a2); P[3] = kakuritu(b2);

//printf("P[Us] = %e \nP[%s] = %e\n",a2,P[2],b2,P[3]);
//printf ("P[2] = %e \nP[3] = %e\n",P[2],P[3]);

strcpy(jisyu,kind(lastchar(al))); // /HA/ OAOFEE jisyullat—7

//printf ("lastchar = s\n",lastchar(al));

//printf("jisyu = %s\n",jisyu);

//P[4] = kakuritu2(jisyu);

P[4] = kakuritu(jisyu);
//print£("P[%s] = %e \n",jisyu,P[4]);
//printf("P[4] = %e \n",P[4]);
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}

}

strepy(first,firstchar(bl)); // /Bi/D BOXF% firstiZat™—73
//printf("first = %s\n",first);
//printf("b2= Y%s\n",b2);

P[6] = kakuritu(first);
//print£("P[}s] = %e \n",first,P[5]);
//printf("P[5] = %e \n",P[5]);

strcat (jisyu,first); //jisyu=BOFH & first = B ZEET 5.
//printf("New JIsyu = %s\n",jisyu);

//P[6] = kakuritu2(jisyu); // BHEENITIT jisyu = ka B L 723.
P[6] = kakuritu(jisyu); // BFHIICIT jisyu = ka B & 725.
//print£("P[%s] = %e \n",jisyu,P[6]);

//print£("P[6] = %e \n",P[6]);

/I REZHETS
L = (P[2] * P[3] = P[6]1) / (P[0] * P[1] = P[4] = P[5]);

printf ("%s\t)%f\n" ,buf,L);

if(fclose(fl)==-1) exit(1);

return(0);

[ 3 kseke s s ok ok ke sk s ok sk ks ok ok ok sk ok e sk ok ok o ok ok ke ok
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/*** moto = se iy sese Bfitse MbH  kxx/
/**xalphal = se flAF se, betal = se BAT sex**/
[xxx T3 B *kk [

/*****************************************/

int segl(char *moto,char *alphal,char *betal)
{

int i,1;

for(i=0;moto[i]!="\0’;i++){
if ((moto[il=="s’) && (i!=0)){
if (moto[i-1]==’e’){
alphail[il=’\0’;
break;
}
else
alphal[i]=moto[i];
}
else

alphai[i]l=motol[il;

for( ;moto[i]!=’\0’;i++)q{
betal[i-1]=moto[i];

}

betal[i-1]=’\0’;

/! if (REX) return(-1);
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// else return(0);

return(0);

}

3Rk s ks Aok ok ok sk oksk ook o ok ok ok ok ok sk sk sk ok ok /
/*** moto = seliAF sese Bftse ML kkx/
/*** alpha2 = sefiif beta2 = Eftse *xx/
[x5x (9B *xk /]
3Rk sk sk ok ok ok sk ks ok sk ok o ok ok ok sk ok ok sk ok sk ok ok o/
int seg2(char *moto,char *alpha2,char *beta2)
{

int i,1;

for(i=0;moto[i]t="\0";i++){

if ((moto[i]=="s)&&(i '= 0)){
alpha2[i]="\0’;
break;

}

else
alpha2[il=motol[il;

alpha2[il=moto[i];

/*1=1i;%/
1=0;

for( ;moto[i]!=’\0?;i++){
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if ((moto[il!'=’s’) && (motol[i] != ’e’)){
beta2[1]=moto[i]; 1++;
}

}

beta2[1]="\0’;

strcat (beta2,"se");
/] if (RBY) return(-1);
// else return(0);

return(0);

[ F A F ARk ok ke sk ook ok e ek ok sk ok /
/*** alphal = se i se MbH Aok [
[Rxx BBEDOXF B ZreturnTHEE  xxx/

[ Rk kR ok ok ARk sk ok skok ARk sk ok skl ko ok /
char *lastchar(char *alphal)

int i,1=0;

char *b;

b = (char *)malloc(10);

for(i=0;alphai[i]!=’\0";i++){
i£((i!'=0) && (alphai[il=='s’)){
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1=i;

for( ; alphaili] != ’s’ ;i++){
b[i-1]=alphail[i];
if(i-1==2) break;

}

b[i-1] = ’\0’;

free(b);

return(b) ;

e sk e sk e sk ke s ke e sk e sk ke sk e e s ke e sk e sk ke se o e ke ok ok o ke sk s ke sk ok /

/%% 234 FICF moji D *kk [
[xxx FRZYHE L T return T 5B Aok [
/***x hantei(moji) THIEMIEY *okx/
[xxx  Fh%, XFIZET *kk [
/**x 2 >> Kk *xk/
/*x% 1 >> hi >k [
/*¥* 6 >> ks .y
/*%x 3 >>kn ek /
/**xx 4 >>an *okk ]
[*x*% 0 >>ki *okk/
[¥%% 9  >>se sk [
[¥%% 5 >>el *okx [
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/**x 10
Jx¥x 11
Jxxx 12
Jxkx 12
JHxx 13

>>e2
>>kn
>>hi
>>hi

>>eb

*xkk [
*%k /
*xok /
*kk [

Kk /

/*****************************************/

char *kind(char *moji)

{
int h

.
»

h = hantei(moji);

if (h==2) return("kk");

else
else
else
else
else
else
else
else
else
else
else
else
else
else

else

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

(h==1) return("hi");
(h==6) return("ks");
(h==3) return("kn");
(h==4) return("an");
(h==0) return("ki");
(h==9) return("se");
(h==5) return("eli");
(h==10) return("e2");
(h==11) return("kn");
(h==12) return("hi");
(h==13) return("e6");
(h==14) return("e7");
(h==15) return("e8");
(h==16) return("e9");
(h==99) return("er");

// else exit(-1);

}
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[ Fe ek sk ok sk ok ok ok sk sk sk Aok ok kokok ok sk ok ok ok /
/**x betal = se Bftse N b *okk [
[xxx BFIOXF B #Zreturn T HEIE  #xx/
[0k ks Rk ook Aok ok ok ok ok ok ok o ok Ak ok ok ook ok ok /
char *firstchar(char *betal)

{

int i,1=0;

char *c;

¢ = (char *)malloc(10);

for(i=0;betal[i]!=?\0"’;i++)
if(betalli]l==’e’){
i+=1;

break;

1=1;

for( ;betall[i]!=’s’;i++){
cli-1]=beta1l[il;
if(i-1==2) break;

}

cli-1] = ’\0’;

free(c);

return(c);



T8 A /5L Y—RY R

78

[ AR AAR A AR AR AR AR Aok ok ok ek ok ok ek /
[¥xx 234 FXF A XFOFRBEHET D *5x/
(o fERIIBFECRT. FHRIEITE23E wxx/

/*****************************************/

int hantei(char *word)

{

int i;

char a[100]="—_=UHEASEANTOBXBHREE T EEkE. - ;

for(i=0;ali]!="\0’;i+=2){ /*EFEF~*/

if ((word[0]==a[il) && (word[1]l==a[i+1])) return(6);
}

if ((word[0]==-95) && (word[1]==-68)) return(5); /¥ — x/
else if ((word[0]==-91) && (word[1]==-79)) return(10); /* % */
else if ((word[0]==-95) && (word[1]==-71)) return(11); /* 4 =*/
else if ((word[0]==-95) && (word[1]==-74)) return(12); /* ¥ */
else if ((word[0]==-95) && (word[1]==-75)) return(12); /> > =*/
else if((word[0]1==-91) && (word[1]==-10)) return(13); /* 4 */
else if ((word[0]==-91) && (word[1]==-11)) return(14); /* » */
else if ((word[0]==-95) && (word[1]==-77)) return(15); /* N =*/

else if ((word[0]==-95) && (word[1]==-76)) return(16); /* N x*/

else if(word[01==-91){ /% H Z A F=x/
if ((word[1] > -96) && (word[1] < -11)) return(2);
}
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else if (word[0]==-92){ /*U L H72x/
if ((word[1] > -96) && (word[1] < -12)) return(l);
}

[ 3xnseonskon S TK B skronkkkok /

else if (word[0]==-80){ /*_LfRx/
if(word[1] > -96) return(3);

}

else if(word[0]==-49){ /*T[R*/
if (word[1]<-44)
return(3);

}

else if ((word[0] > -80) && (word[0] < -49)){ /*Hx/
return(3);

}

[xrkxx TR0 V) wksekknkk [

[ 3ok ST BB werododede ke x /

else if(word[0]==-48){ /* LFRx/
if(word[1] > -96) return(3);

}

else if (word[0]==-12){ /*THR*/
if (word[1]<-91)
return(3);

}
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else if((word[0] > -48) && (word[0] < -12)){ /*xH=*/
return(3);

}

[Hxsnik BRIS I 1) sesekrokrkx /

else if (word[0]==-93){ /*FH--=X/31 M¥FEx/
if ((word[1] > -81) && (word[1] < -70)) return(4);

else if ((word[1] > -64) && (word[1] < -37))
return(4); /*FEE--RA FTALT 7Ry bkx/

else if((word[1] > -32) && (word[1] < -5))
return(4); /*EE--HXNA FTAT 7Ry b/

// else if(word[0]==-95){ /*FCH=*/
// if((word[1] > -92) && (word[1] < -4)) return(0);
// }

else if (word[0]==-95){ /*FEC5=*/
return(0) ;

}
else if(word[0]==-94){ /*iC5*/
return(0);

}
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else if ((word[0]==115) && (word[1]==101)) return(9); /*& T A L */

// else exit(-1);

else return(99);

/*TREZRELTLIEE.
272 5 return(3)
HEFa—FiIEuc 2— FCBEWLET.

HERT 2
[03~F .3/ 3
BEFHF 6
FRTrEa+——=mAASENAAIKOR L)
Y¥BOET 3
-

L5 0

S A b (se) 9
n—n g5

"I 10

nan 11

L §)

LNUE B

"y 13

" 14
mNw 15
"N\ 16



fH&A Tu/75Y—RYRXE

82

[ ek s sk ok ok ksl sk ok ok ek ke ek ok ok ok ok /
Jxrx TEBI O BB DR -y
[%%x2 7 F AipbR®D B *kok [
/et oAk ok ek s ok ek ek sk sk o sk ok sk ko s s ke s sk sk ok /
double kakuritu(char *wil){

double P=(double)1.0;

int 1i,j;

int len;

char temp1[10],temp2[10];

len = strlen(wl);

[ %k —SCEE D IEGr sk sk ko dokskok ks Kok skokok ok /
for(i=0;i<2;i++) tempi[il] = wi[il;

tempi[i] = ’\0’;

P = (double)word_dbm_r(templ)/UNIGRAM ;

//printf ("Count[%s] = %1d\n",templ,word_dbm_r(templ));
if(len == 2) return(P);

[ 3Rk sk ok ok ko sk ek ook ok sk sk ok sk ok ok ook ok /

[ *Hkek 2 ST IZ A deskedek sk sk koo koK sk ek Kook ok ok /

J=i;
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for(;i<4;i++) temp2[i-j] = wil[il;
temp2[i-j] = ’\0’;

P =P *x P_a(templ,temp2);
if(len == 4) return(P);

[ 3%x%2 STIR D IFE sk soksderskseksdenkkdokkdkkok sk ok /

[xxkxxx3 LFELL EDBE T I skkkkrkikkkk/

/*

for(i=2;i<strlen(wl)-2;i+=2){
for(j = 0;j < 2;j++) tempi[jl = wi[j+i-2];
tempi[j]l = ’\0’;
for(j=0;j<4;j++) temp2[j]l = wi[j+il;
temp2[j]l = ’\0’;
P = P* P_a(templ,temp2);

=/

for(i=0;i<strlen(wl)-4;i+=2){
for(j = 0;j < 4;j++)
temp1i[j] = wi[j+il;
templ[j]l = ’\0’;
for(j=0;j<2;j++)
temp2[j] = wilj+i+4];
temp2[j] = ’\0’;
P = Px P_a(templ,temp2);

return(P) ;
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[ Ak e ARk ek ok ek ook AR Rk sk R ook ok ok
[rxx BBIZHDIBITXFEEIVEL T xn/
Ak ook ok sk ook ok Rk sk KRRk SRk ok
void chop(char *p)
{

int i;

for(i=0;pli] != ’\0’;i++);

if (i > 0) pli-1] = ’\0’;

[ ek etk Aok o sk oo ok s sk ok ok ok o ok o ok ek sl ok ok ok koK ok
[*xx  dAMIERDT 7 A ND D BEEEFIK  *xx/
[xxx  RRIZFEEEERVICFS Aotk /
[ ek ok ok o ok s s ok ol s ek ok o ke ok ook ok sk ko ok ok ok /
int word_dbm_r(char *word)
{

datum key_d;

datum data_d;

DBM *dbm_ptri;

int i,leng;

char num[10];

dbm_ptrl = dbm_open("TD_DBM", O_RDONLY , 0666 );
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if( !dbm_ptrl ) {
exit (EXIT_FAILURE);

key_d.dptr = word;

key_d.dsize = strlen(word);

data_d = dbm_fetch(dbm_ptrl,key_d);
leng = data_d.dsize;
for(i=0;i<leng;i++){

num[i] = data_d.dptr[i];
}
num[leng] = ’\0’;
dbm_close(dbm_ptrl) ;

if(leng == 0) return(1);

else return(atoi(num));

double P_a(char *A,char *B)
{

char C[20];

int t1,t2;

double x,y;

strcpy(C,4);
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strcat (C,B);

t1 = word_dbm_r(4);

//printf("Count[%s] = %1d\n",A, (long)tl);
t2 = word_dbm_xr(C);

//printf("Count[%s] = %1ld\n",C,(long)t2);
x = (double)t1/UNIGRANM;

if(strlen(B) == 2)

y = (double)t2/BIGRAM;
else if(strlen(B) == 4)

y = (double)t2/TRIGRAM;

else exit(-1);

return(y/x);



