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A Method for Determining Verb of Sentences in
Abstracts of Scientific and Technical Literature

Masavuk! Takepal and Fuminiro MaTsuof

The identification of the verb in a sentence is very important in natural language pro-
cessing, as the verb plays a key role in recognizing the syntactic and semantic structure of
the sentence. This paper presents a simple method for identifying the verbs in abstracts of
scientific and technical literature. The method first selects some words as verb candidates
from a sentence, arranges them in a priority order, and finally decides on the verb accord-
ing to the order. This method applied to 2,400 simple sentences identified 96.6% of the
verbs correctly.
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Table 1 High frequent function words.

1 the 26 author 51 some 76 but
2 of 27 these 52 increase 77 consider
3 be 28 present 53 such 78 flow
4 and 29 show 54 given 79 may
5 a 30 used 55 their 80 calculate
6 in 31 describe 56 determine 81 only
7 to 32 study 57 found 82 made
8 for 33 much 58 into 83 small
9 with 34 discuss 59 large 84 point
10 by 35 give 60 both 85 investigate
11 on 36 one 61 test 86 compare
12 that 37 obtain 62 they 87 under
13 have 38 state 63 develop 88 single
14 use 39 also 64 provide 89 mean
15 an 40 effect 65 form 90 approximately
16 as 41 design 66 degree 91 during
17 it 42 find 67 observe 92 term
18 at 43 not 68 more 93 good
19 this 44 low 69 case 94 over
20 which 45 make 70 all 95 wvarious
21 from 46 base 71 when 96 studied
22 or 7 well 72 change 97 will
23 result 48 new 73 other 98 each
24 model 49 its 74 include 99 possible
25 can 50 than 75 different 100 report

® 2 BiEEoRH

Table 2 Part-of-speech of function words.

B+ ALY 3 g

W—ERITLZEH

[ 1,851 (65.29%) 421 (36.89%)
P 334 (11.8%) 145 (12.7%)
®E A 297 (10.5%) 228 (19.99%)
Bl G 232 ( 8.29%) 224 (19.6%)
B R 37 ( 1.3%) 37 (3.2%)
R&&H 24 ( 0.8%) 24 (2.19%)
ok 20 ( 0.79%) 20 ( 1.79%)
HEhBE 14 ( 0.5%) 14 ( 1.29%)
g = 3 (0.1%) 3 (0.3%)
m B 29 ( 1.09%) 29 ( 2.59%)
#t 2,841 1,145
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“is also discussed” O & 5 Ic ByEhER & BRI ORICEIE
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2. %7, “Also described are---” 23 & DEIBHIC
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TROZDOBEIICBNT, FTHREMBL &
FEOERBEHTHY, SHEATRL L ESHFET
5.
31 : The calculated data reveal a strong
dependence of the implantation and

reflection feature on the incident

angle, particularly at grazing inci-
dence conditions,

3C 2 : The optimization of this function with

respect to the registration parameters
is performed using an adaptive ran-
dom search strategy.
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e was graft-polymerized

® is simply rederived

® are reinterpreted

® has been multitasked
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2) RICENDIR, K10 Be (be B5]) & Have
(have Bi&E) TH 5.
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Vroot : By E PE AN PF i&ﬂ'ﬁ/
Va :BEF Bc : beBhE PT TR
Vips @ 3 AFREEBAR  Have haveBlE  AwxP  BEEG
Pr BRAESEE Aux  : BhBSE Inv-p : BB
Pa  BESER To-Inf :ANEFA Ve o : BhEMEM
Ly :EERASyDH PV ZE $ I
PE > already | also | always | cven | ever | first | further | here |
herein | however | in detail | in general | in turn | just | more |
moreover | never | now | often | soon | still | then | thereby |
therefore | thus | well | yet | Lyl ¢
Be = is | isnot | isn't | are | are not | aren't | was | was not | wasn't |
were | were not | weren't,
Have - have | have not | haven't | has | has not | hasn't | had | had not |
hadn't, .
Aux > can | cannot | can't |:cannot | could | could not | couldn't ]
do | do not | don't | does | does not | doesn't | did | did not |
didn't | may | may not | mayn't | might | might not | mightn't ]
must | must not | mustn't | shall | shall not | shan't | should ]
should not | shouldn't | will | will not | won't | would |
: would not | wouldn't.
PY' e PE Pa.
PF'  —»be PE Pr |be PE being PE Pa.
PI'"  — have PE Palhave PE been PE P2 | have PE been PE Pr.
To-Inf -»to Vroot|to PV’ | to PF' | 10 PT".
PV ~>Be PE Pa.
PF -»Be PE Pr| Be PE being PE Pa.
PT -~ Have PE Pa | Have PE been PE Pa| Have PE ‘been PE Pr.
Inv-P -» $PaBe | $ also Pa Be.
AuxP ~> PV | PF | PT | Aux Vroot| Aux PV' | Aux PF'| Aux PT'|
Have To-Inf | Be able To-Inf | Aux have To-Inf |
Aux be able To-Inf | Inv-P.
Ve => Vroot | Vips | Va | AuxP.
B 1 BEMER (Vo) o
Fig. 1 Syntax of verb candidate.
£ 3 HXBUAHFAOKRS
Table 3 Categories of verbs occurring in simple
sentences.
L
B &Ko DR BES H)
M 880 1,328 2,208 (91.69)
—REE N\ FE 53 122 175 ( 7.3%)
—HERERE N\ AR 4 17 21 (0.9%)
HERREICRVE 0 4 4 (0.2%)
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BRE 1: BhEEA LS SR,
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&)
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X 1: The calculated data reveali; a strong de-
pendence of the implantation and reflec-
tion featurery; on the incident anglegs,
particularly at grazing incidence condi-
tionsgg;.

: The optimization of this functiongs; with
respectry; to the registration parameters is
performed;; using an adaptive random
search,; strategy.
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PITIE, BEEORLEOBEREEIR, LWThoxd
—DRETTHY, FNBLOBENCIE > T3,

4. EHERREE OFEE

HIZDOBRELEETREOHTCBVT, &S
BEEOBHFRBREI—2T, 2hLBXOHFHD & &,
COEFREESBERREICRD Lo &S, Lk
BT, RN, ROBEMS 5.

1) HEEEERHSEFE TR 7. D&,

ROZDODFEENH 5.
a) EWBEEERBOBFETH - 2.
b) BiFAEMEEL .

2) REBERERBIEREEL .

3) BHEBEMCRVWEBELERTE -,

2055, 1-a)FHEMEETH S, (1-b)i3E
FARMEHFER XORKTSH > T, KLITRL WS
BRNC X D BRRE E U TBHINIZEGD, ELL
FREBEHTE S B &, BICHFANTHLDIT
WEL THREHICGEEINED - B0 Db
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FREDE U2 0RSIBERTZIIVOT, BEE
VUNDFRICk-T, ZOmhLRELZTNITNS
o, (3 RBHFRHEEHFEREO LK TS 525
ZOBAL DTS I TR LI, TR
(3) DEEEROFDILO,

BN 2,404 30 % 5 B ITHT - FoRRERS R AR 4 IOR
T RIIEE, 93.1% Th - 7c. KBk 166 #h, (2)

DKABET% B HB TS, WA 1 OBFRME

DENT LATHD 5 b, R 7o 1RO (1-b)
DREETH 5.

There has been renewed;; interest;s in their

application in differential gas;s; sensor arrayss
and the association with cellular automata and

neural networking methods.
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Table 4 Determination of verb.

* L3
BEEEE X gy 1~a  1-b 2
1 1,467 1,466 0 1 0
2 297 297 0 0 0
3 336 331 2 0 3
4 268 133 21 0 114
5 35 10 3 0 22
6 1 1 0 0
at 2,404 2,238 26 1 139
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THbH, CDEKIE “renewed interest” DiEEL
& “renewed” % “has been renewed” &I THEH
MEHWL o tick B,

BESEEE 2 OBERAE (have, be) BREERETH
% 207 DD TRINTHRIL T 3. EREI D
BRI, RS EHEPACRRE LI LNE
ThHoW, TNBROEBEENE LTS 336X
D5>H, BIXHBRKLTNE., (2)DEK3IXH2
& (1-a) D&k 2 30 1 XU,

This illustratesrs; a small section of a network

comprising three servicers; nodes each having a

digital crossgs;-connectrs; system (DCS).

O connect D & 3¢, BFRHGHEFAREO—MMELTEL
FHNCEDR TN DT, 2T EDSHFIT & ITEL
Wicin s, B 23,
The article details;yy the advantages and disad-
vantages of T/Cs and pyrometers to help engi
neers;s; specifyry; the most reliable, economical,
and flexible temperature measurement system of
this typers; possible.
@ specify D & H1g, to REFAAFOEERE 4 E
R E U iclc kB . B4, “help engi
neers to specify” Th A C &b, KIhE7: 3
P, COBMBIBEL.

HRBEHOREEBEEN4, 50ES, (2)DEK
MEL, TONDRBRMBMEL - T 5B, g,
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M, 20551143 (2)DREK, Thbb, BEE4
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BALEBORED S bBFETIOREIL, RO
ThirTdh 5.

(A) BRSO

(B) BEAFHOLAFNRE.

(C) R

Zo5B, (B), (C)oHRlamgEcsrz. (Bic
13, BRI AR L & 03 B 48, BALE
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to+BEEE + -+ and + BERER
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B, WINSZOBBIZEL L.

—7J, (ANC2WTIE, BRI T 5 RErilEF
MEEBATHCET, HIBREHEIETHS. E
B2, WEEE0S b, EHEEFERREE show, de-
scribe, present, discuss, study [TV TIE, 1989 £
Bofs INSPEC F— 788X D5 by 11 TXERHR

LT APFETELNIHEBERINC LD, 9B5%L LD
ETRAZHNT 2 ENTESY.

BEHBEREXR, To0FHEEHhO5KE. —
1%, BEOPEICEY 2R FEIEEEERREFA
T5H0T, FEOEREDOELALEB—DDEFHTED
SNTVBHBAIC, ZOEDEFE—DIRET 5.
TR, BELELETEHRTENZXODT,
RDE DU,

) BRSO FBISFR IS presents, show(s) ZE)

A EHET .
b) BiEE U TCOBBIIFE T while, but, low, sin-
gle, long, further, near Z B A O 5L & H)
EY 5.
COFHER, BRRERETNEBEIDOHIURET S
bDTH5B. bI—D20FH X, AIROFENICKE
T HHDT, BEEEETARERREFRL TREHE
RRETD., TR, ROXDiClik.

c) in terms of, in detail, based on, as well as,

2, RERE

with respect to, under study, at present, in

place of, for instance, by means of &1} 3

THEREL 723EE, BETRID.
d) result, model, study T3 BEHBEHIC LD

RXPBEEMDEXIC BT 2HHORE 1935

NS DFEDRFEYEIT 5. FIZIE, “exper-
imental results” 1CBF 3 results 2ZFTH
5.
e) BEAEKTHEN (the author(s), the present
- author(s) 73&) REKDOAFNLT (they,
he, she 72&) Wk BRAKEMIL, Tho0FE
HEIEMETIHFTH 3.
{) BEETESRHHD > b, AABEETER
FEEICB DR TOEAY B LERBETS
5.
P DS FHBIFEREIC X > THRETRO EHEI N
7:%%&-; BRBEHEHER X ICB O TEEN O RET
. —k, %Jﬁ‘?&#ié?htm CHBWBEELX B
z%.CCTm a)lciEEEES, (e), (£)icid
BaEl %%?:7;/’_.
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12193 TH 2508, TDD LI &2 »Fe XD
1265 CThovc. (2)DEKROEIZ, 139 25 66 T
DUTV S, BREEICHET 5 & DS HERSREF
Asnid, (2)0ERKREILIKEBSTCENTES &
Bbnads, chiXgci+aTciRiEn. £#27,
(2)D%KBED 66 i LT, LITICRTFEIRLD,
BRZ—DIC 5 C &2 RAT.

e HRNICHIBR AL S BFABEMERET 3.
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HET B,
TN OBREE—DIURP L LOTET 8 XD
D, TNTRBTH - 7e.
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Table 5 Determination of verb based on improved

method.
S &
B X KLy 1-a 1-b 2
1 1,660 1,659 0 1 0
2 295 295 0 0 0
3 269 265 1 0 3
4 145 85 18 0 42
5 34 10 3 0 21
6 1 1 0 0
53 2,404 2,315 22 1 66
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