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Cohesion Structure of Japanese Sentences and
Paragraphing

Kazunme Yamamoro,! Suiceru Masuvamal and Suozo Narroff

This paper explores the cohesion in Japanese sentences. When we analyze a text, a
problem of how strong each sentence in the text connects each other arises. In this paper,
we focus on connectives and lexical cohesion which mainly affect cohesion. First, we in-
spect how strong connectives affects cohesion using paragraphing. We define cue words
by investigating the beginning part of each sentence. Naturalness of paragraphing by cue
words and length of sentences is evaluated by coincidence rate to the originals and conse-
quence of a questionnaire. Then, we attempt to paragraph using lexical cohesion, We use
thesaurus as the major knowledge-base for elucidating lexical structure in the text. We
propose a graph model of cohesion structure of a text, called a cohesion graph, and formal-
ize an evaluation function of paragraphing based on this graph. We paragraph by consid-
ering cue words and lexical cohesion using three combined methods. The experiments
show that, compared with using lexical cohesion alone, the coincidence rate is improved.
The consequence of the questionnaire also indicates that the proposed evaluation function

is natural.
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Table 1 Examples of extracted words.

| B OE M
EHE | ELUT UL, —FH, £CT
HEKHFE | o, 20, 503, 5
&l @ o eEAE, bL, 2D, ¥
R | & B bhbh, 2h, ¢
% B | BE, 25 BHE ok
(ZDH) | LIz, &T3&, &

X2 BEERT-LXE
Table 2 Statistical figures of the investigation.

H H B4 TR | KEAE
BE SR 1358 505 5
FOS I S 824 3039
woxX 3501 10233
BoX F R 212403 416006
BYEE 7 b O CFER 257.8 136.9
T DEER= 130.6 62.3
WMBEOEH A 60.09% 30.29%
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OBEEEEELREONS. ZOEHBLE LT, #ER
DRLFOFERIC K BRIF O & OMORIGEGIC K
D, XEORHSHHLIBBENEZLNS.

P LoREEKEPS, MBI KEOS IZREHR
SO LBREROTHICE HAT A EBbRr5. C
DT EiF, TS OESEICHE LB,
BIBIOX EDENYRINC EEZRLTVS. £C
T, M LB TEDOXEICOHET 57 EEDD %
EDHL, HEEOEOE (RARXTHEE1IDOELL
72) BBROVWKETNTE [FEh0E] LEHT .

2.2 HE#ICXIRESTORT

D EORERRICE TS, HEBICK - TEBRICER
AT ERA T BESGT DY XLADEEHL, R
DK S IEHEHCHE - Te.

BESTL, On-line WhE, $HbBIERICAN
XEEHAALTOE, XCERBESTETIDES
DERETZEVD, BRIESHETTS. RESD
i3, FRPDECETIEREXEOEREEMT

£ 3 HBBEOLFAMNEEG (HEY AL Y 2)

Table 3 Rate of a part of speech
(Nikkei Science).

& X | B | BRENIEH
B ob oA | 2% | 17% 27%
Mok o | 20% | 15% 21%
! | 20% | 25% 19%
& & @ | 15% | 13% 16%
% | 14% | 25% 119%
€ O 69 5% 6%
& T | 8% | 32% 40%

* 4 HUEOLFANSE (REAFE
Table 4 Rate of a part of speech
(Vox Populi, Vox Dei).

& X | BEE | BR¥ENICE
# o & 239% | 219% 249
MOk OF | 21% | 19% 219
&l 5 | 18% | 17% 14%
R & & 129 8% 13%
% el 8% | 10% 7%
z o fh | 21% 25% 219
B R B | 3% | 8% 359%
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Co:100%

(1)
72120,

Co: #DFVEDVEDFERERE

A: ZOFMDDEOBRKEAOXEHETOHER

B: zQFE M0 EOLEHERK
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R L=0 LEHT . Y LOEMIcESE, 20
XDOBTEEEITEDEIDEHWT 27cDDOIXD
HAE C %, ROXICEHLL.

C=Co+a1Ln—o2L (3)

= Co+(ar1—az)Ln+ax(Ln—L) (4)

CCT, La: SEBHEBEEE, o, ar: T TH 5.
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No: BEXOBREE MBS & TIEBT 2 RER

No: EXDBRER

No: i U Bog%k

Thb. FHHEE FHARLIKEHZE, FHT 3

HEEBBOC EERT.
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MNEBY A =V AT 6 HOSERIC LAHE LTY
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DEERELTR, 2F06H UAERALTHRNT

x5 FiHT 3 —HKoHE

Table 5 Coincidence rates against the originals.

X ﬁ Qay [2%] R, Ry

0.02 0.1 40.3% 36.8%
By 4T/ R 0.02 0.15 48.49% 33.5%
0.03 0.15 44.2% 32.8%

0.01 0.1 38.1% 34.6%
0.1 0.2 37.1% 35.7%
0.3 0.5 34.1% 30.2%
1.5 2.0 35.1% 31.8%
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Table 6 Recognition rates to the originals
at the questionnaire.

X = RRD~E | FUCRME
BRY A =2 (HX) 214 67%
BiEY 4 = R (HHXE) 23 5% 26%
REAFE (HX) 34 %R 76%
REAE (HAXE) 434 44%
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Bisic B sEeERT 57
EENFBRICKAHEEER, R—EA2E8L, B
DO (similarity) ic X 2FEERM: &, BrhkoaEkE
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DEA/TCHETED. —F, BEOERDIEEDH
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TRETHHE. SEHRE—DTORATS 3.
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TREROAERIRDT, A—Ea, LA TS
HE, NEEOHEEZRL, UBCOBEKEZED
TEDEREEIFES T, BROHBEEARET S
HEEL LT, KRXTRANEEFHAY 2V —F
2 ELUTHERT 3.
3.2 #EIS7
XEHOXEORRELER T 5/OICHES 57
ZHRT 5. HES57 G=(V,E,w) 2RO XS
E®T 3.
V={olv BXFEHO—-DDX s KXIET 5}
E={(u,v)|u CHETE2XHOFEES v KHIET 5 X
HOFETYY —7 AOHHE, NIEHTOR—D
DFCBT B, TRFA—DETH 5 DOMEE
75}
w: E-R (R: EHOES), (4, v)EE TRL, T
OR(T)THiK « & v OFRE wlu, v) £EHT
)
w(u, v)=exp {Ad(wiz1+ weze+ wazxs)} (7)
d:u & vigOEH
z1:u & v CORCEOHK
z2:u & v TONFE—BOHEE (21 ZERL)
zs: u & v TORRFE—BOHEE (z1, 22 #BL)
w1 > we > ws >0, A<0
Tibhb, ZOOXDERIHERER, spilc3
BEOE DRI ZEH w, w, ws &L, ZNEHIC
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HEMS 0SB UTHA RS 72 3 EE 25
Tod B, FBEEEERA L.

BEATEZAOCELARABXELCBT 2B RBEORE 2033

3.3 HREOFMBIH

X ol X BT 2BEDD OFmBEEE, D
TOXHCEHT 3.

max FEEBEIEL
_ w(sj, St) w(sj, St)
_aPET(sJ'a&skep; | 24l ~S;Epf,5kez>;mrpxr)
. . ijeTZuepil(Sk) 2
—BPiZ€§T<si§Pil(sj)__-ﬁ‘T__d>

(8)
772U,

T={p1, p2, -, pu}

T BV p, po, P BB B E

pi={si, siv1, >, s}

P s Sien, e, Sk OIS B Bk

Usi): 3¢ se DICFEH

w(si, s;): X ss & 3 s; OFBHEIERE

IS]: B4 S OEREK

a>0, A>0: T
Th 5.

R(8)DIHIL, ZhZThXEHOFEROFERE LB
ER (BREAROXFH) OEREFRLLILOTDH
3. XHOBEENREER, BEANOXHOBERER
75 2EH, BREMOXEOBKRER <1 FRERE
Ufe. $72, BERIR, NS VRORIZ7 5 RER
&Lt

3.4 MEFOHBRE

2.2 TOR (1) DEREAE Co &, 3.3HITOEE
B (8) OMBERENAT 2.0 1id, PTORE
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1. —DODORMEICENT 2HE (i)
EUHEAE SRR omE i UTNE, b
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T BHFETH 5.
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FTERABERER LT, 2OKEND 5 LR
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TOENTRREESGS. B OEFCEL
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1. FIREEETET
T OsITIE, BREMMEE, HIBED B
XBRERBITA1TH. AERTIIYY —F ALK
BEHINTV2EZWOHTCEELZERELTY
50T, BESORERERTH L. HFEKE, ¥
V=352 & RUANEESRNY cEELZROR
BENMUIcbOETH L.

2. FREBEEEORH
HRERATOKRT %, TRTOXDOHEARIITDV
T, BB U3 Cip Mm% 35 3 2%
ERTI, SEHOBEOELODH wi: w2 : ws
%, 10:8:3 ELTW53.

3. B¥EsU
Off-line [T L 2HHE, DFH XELEKNT TIC
ANENTHLBESTEIT>T0 B, BIKNIS
BESTIE, DTOoEB0TH 5.

(a) PIBELELT, 1BEIXET 5. BHE
HTiE, FTERAEIBECES S, B
BT T ISWERR E 3T B AR ARET 5.

(b) HEUBTEETIRELHALILELT,
Z OB DFHERIM OBD BB S /NS VAL
B (B 20RELHMINT 26E) #BREDD
NEEHETS.

(c) COBFEEBROE LTV, BHERBEN
PIEBEINLEL B - BEOSI T H A B
HERSBRESTORBET 5.

BESFOELTEICOVTE, JERHEET5H

* S REFEE D E I T U T RIS Licat
BE, CRELLIH, EBEOTF R bTIRERND
OXHTL ST, +AEMAAETHEEE
Zohs. Ffo, bBEHLEOXEOREREZT~
TOLEYPULIBEELTAE, BT+ M THEHE
i, SEEHRICERSAETHD, ISHICEACE
5.
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BE, JBRIETIHEBSEZONDS. KRXT
13, FPHRERTHENICHREOR D - RIEL
L. BESHEHMNENCED - -BHIE, TER
B OHBEAHE T % £ TOBEREICED
T, BETRBREEOERSKREBEL D EH
Zoh5.

3.6 E B i R

ERIZ, BEHHE TRFEAE]I 0FEEZHNT,

1. ERMoBrEERLUICHE

2. &k

3. BRfEm:

4 ERE:+ I
DAFEBICOWTIT-7c. EBREREZEL K 2 TR
T e UBMERETCIE, BEHAE 80 DEoBAIE
HEDRE, FERHAE 20 UToBEAICEREICHT S
ELTEREToF. ¥, ERKICKZERTI,
EREEICEREE AN,

M1, K2ofisioBEHE, 4%, 2hthk
(5), (6)ihES. T/, B ald, (8)Rick
T B#%& 0.001 WEELKLED aTHS. ARk
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Fig. 1 «a vs. rate of recall.
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Fig. 2 a vs. rate of precision.
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BHREAE-HERICE-TVTS, FBDEICE
S TEDEREORFBEENSE I ENTELC L
ERLUTOS.

BRI CTHEALTHEERES T2 - X T4 v
7 IRHEDID, TORLEEERIETS. K1, 5
WEKIZ XD, BRORUTHEEELIOND/F 4 —
2 HFE UCTBRES T HIT > e IR, T
B 531 OFHEED 5 5 & ORBEOIERNICIE > TW 3
PEBRIEUCERELZR 3 IRT. K3 T, #iid (I
DR D LFFMEICH T 2 JBAL 3T DOBRESI T O
&) AXHET, #EITFX 04 E, Kb
DERIMIZ1IF 2 MicHdT 2%, BT 3. E
BT LI KB AEORD T 14 XTH-T.
FTRTOBRES G OMAREIT, Hucx LTERDN
g 3. 24X EDF 2 Mie LT, SHEE
il G R AV Y

K32, ZEMTNTY XaRs, £2HAEOHOR
WESREEORESTELRT UGHIT S LR
2V, ENOBRESIERILTEY, AMTMT
) R LDRYUHARLTO A,

4. BESTOBRS ORI

AETIR, BESTOERI DL, HIXDOHER
HENIBEELTTITIDORRTITHE EEHS
MiCTBEEBIC, BESTOTNTOFEEDHT
DOEXBE#EY 0 OFHEEIER, 77— bREEk L
AEORE & OEEE WS R X - CRHERRO
FUHEORIEZITS.

4.1 BFEXEOLEIC L ZFMBYOES M

BEXOBREIFIZERTH 2 LEETIE, BES
O OFTOFFEREDHTOEOBRES T OFHIE
JER A BB LIk T, FEEEROR YA
FTRLENTES. 20T, CORIHEREZR4ITR
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