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ABSTRACT

In this paper, we describe a method thay con be nsed
o mult-languags word  Sagmentation, like  Asian
langus pes such as Jopanese and Chiness, We bave already
uged ihe propossd method to deal with Japaness wond
segenantakion and got good results In this methad, we use
& comaman character string that ocows frequently in texe,
and call it a common pafteri. [1 4 considessd thar the
sommon paterm has o kigh probability a8 o werd It W
extracied a5 8 word candidate and regisered o oa
digtionary, Funibermare, |n our methed i e not neceswacy
to prepare a dicticnary and any segmentation rules for
dealing with an ambiguous segmentation beforehand. The
method is alsa applicable to the problem of predicting
urpknawn wosds and genecating or augmenting existing
electronic  dictionaries swomatically. In cur method,
because the grammatical rules and lapguage knowladge
are oot used, 11 cam be used to deal with oihar language.
We have daoe the evaluation experiment wsing Chiness
fext of the two Aedde The reaulta of evahetion experiment
show that the proposed methed iz also effective for
Chinese ward segmeptation, and it s demonstrated that
the proposed method is & geperal-purpose method for
wind segmenttion of non -sepmented languages.

Keywords: Chinesa, 'Word sepmentation, Inductiwe
lenrmiing, Matural langusge processing
1 INTRODUCTION "

Word segmesctation of text is one of the most
terporiant techoologies in compubsr precessing of Chinsss
languags. In the western langaages, words are delimited
By blanks or marks of punciuation, On ibe ciber bapd, ibe
Agian langesges guch ag Chinses and Japanese do mat
mack word boundaries, However in any natural langunge
processing applicstion, such as machine mangladon and
informaticon retrieval, word segmemation of text is a vory
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imporiant inldel slage and key echnslogy, Becauss thare
1% m0 blank 16 mark word boundsries in Chinese text, word
identiflention is diffioult, Especially, in the case that there
are ambiguities in word gegmentstion and occurrences of
unknown words which are nol registered in the dlctionary,
A Chinese text consists of strings of Chinese characters,
The sxme Chinoss character thai makes up a word may
appear in different words;, moreover It may be just a woed
{1][2]. There are mainky thres kinds of methods for word
segmentation of Chiness lsnguage, which are baxical rule
bassd methods [3][4], statistical methods [5] and metbed
of combining lexboal information  with atatistical
information [L][8][7]. The lexical rule based pmethods
neod & dictionsry and rules of dealing with ambiguity
sepmentation. The acouracy of word segmentation grealy
depends on the coverage of the underlying dictionary and
the collected word gegmentstion ruled. [n sddition, the
wentification of uoknown words, the extraction and
management of rules are diffieall maks. Ciberviss the
statistical method is by usiog the mutual information of
charneters by statistic caloulation o decide the boundary
of words, Geperally, to coastrost effectve model, this
meshiod nesds a large amoun of dats and tagging corpus,
The method 1t does not wse dletionary amd AgEing
corpus was presentzd [8]. However, word segmentation is
gill a diffienli problem simee smbiguosi egmentatoen
BCCUTE,

In our method, we use & common chameler Sring
that ocours frequently in text, and call it 3 common pattem.
It is considered that the common pattern has & high
probability as o word. It is extracied recucsively as a word,
clagsified into some ranks and registersd in & dictionary
by using Inductive learming. The method of clasaifcaticn
# basad on the probability degress. The probability
degrees of the extracted commoen patieen are declded by
the situation of extracton of the common pattern, the
correst sagmeniation rabe and the erroneoun BEmeatation
rate, Then this method divides 8 non-segmented text inlo
words using the comimos portemns classified in order of the




higher walue of the probability degress, When there are
multiple sspmeniations, the syslem  gets the  word
candidates of possible segmentations, and picks ihe best
gegmentation  from  the cancdidates of posaible
sepmeniations by using & value of LEF calculated by the
likelihood evalustion function. When the value of LEF is
the same, we use the frequency of the emoneous
sepmentation, the frequency of the comest segmentation
of word and the length of woerd (Maximum Length Sting
Matching method) W decide correct segmentations, and
deal with segmentatiop ambiguitiss, Furibermore, in our
meshod, it 15 pot ascessary 10 prepare a dictionary and any
word segmentation ried beforehand, We have applied the
proposed methad to Japanese text and confirmed that this
mathod waa effective for Japanese word segmentation [9],
In the propesed method, any language knowledge s not
uged, such as infwmanen of semantics and morphealogy,
0 kst i (s poseible that tbe method is wed 1o deal with
ndher nonegegmanied langeeges.

The method is also applicabls 1o predict unknows
words, generte electronde dictionaries and augment
enisting  electronle  dictionaries  automatically, To
demondtrate the sdaptabilicy that the proposed method
deals with other non-segmenied languages, two fields of
Chinese text were used as duta for an evaluation
experiment. The results show that the proposed method 15
effestiveneas,

2 ALGORITHM

We show the ouiling of word segmentation method
in Figure 1. This method consiss of the following:

First, an ioput text is segmented by words that were
acquired in the dicticnary so far. This procsdure i3 called
“Enown word segmentation™. The method of segmentation
i# 1o compore the word in the dictionary with the chasscter
string in 4 sentence from the beginning 1o the end of the
spentenae il both ane the same, do segmeniation,

Second, the resmaining part of the charscter srings
that are unsegmented by the known words, are dealt with
by prediction of unknown words wing inductive learming.
The prediction is recursively done by exrracting commen
putterns and high dimensional commen patterns. The
system does this procedure i two sips:

1. The sysism eximact common patierms (hat ave
the same character string of repatiton in text, This svep is
based ca the supposition that the same chamster string of
repetition in 1t is highly probable 1o be & word.

1. The syeem sepmeants the text imto words using
the predicted common paliems.

Third, the user judges whether the results of the
word segmentation |4 correct of erromecud. If i is
wecessary, the emor in results will be comected, Then the
pegult of egmentation and the comecled resull A
rerwmed fo the system.

Fourth, the syitemn compares the carrected results
with 1he eronecus resuly to rensw the information of
registered words, Through this procedure, the certxinty
that the extracted common patterns are worda is confirmed
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and increased. Therefors the prediction ability of an
unksown word 8 better lmproved The segmeapation
process i3 dope in order of high probability that the
extrnctad common patioms are worda,

2.1 Segmentation for Known Words

Iput text and then the sysem segmenia the ex
into wards by registered words that the sysiem has got by
nsing inductive learning up until that time. The methad of
sogmenintlon for knowm wards conalsts of two seps:

The first step, The aystem compares the registered
common pamerns in the dictionary with the charmeoter
serings in the 1ext from the beginaing of the tent, finds out
ihe same characier strings with the registered common
paterns and sepnyents the text into werds. Then repeats
this comparison process from the next character until the
and of the text |5 reached. Elere tba registared comman
paterns are used in onder of the classification of the
gornmcn patiern (11 s exprosaed at section 2.3)
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Figure | Outlise of Word Ssgmentation Method
Using Inductive Leaming

The second step, However, for the charaster strings
thai thers are several possibilities of segmentation, we
first use the regisiered words in order of ther
classificution |n the dictionary, When there are duplicate
word candidates in the same classification, we find all of
the wards that ane possible segmentations of the text. And
we decide the correet segmemation from the set of
segmentation candidates by the value of Lkelihood
gviluation fanstéon, We define 1he likelihood evaluation
function as follows:

LEF(Likelihood Evaluation Function)
= -CS+FR~B ES+y LE



Where: C5, FE, ES and LE arz the frequeney of the
oorrect segmentation, the frequency of the charscter string
appearing i the text, the frequency of the ermonecus
segmentation and the beagth of the charmsier string
respectively, o, b and v are coefficients,

The word that has the maximum value of LEF is
decided &= the cormect sepmentation. When the LEF valus
of the set of possible segmentations is equal to each othes,
the correct segmentation candidate ars decided by the
word candidate that the value of ES is minmuam, the value
of €5 |8 mudmum, the value of FR |z maximum, the
vaboe of LE i the longest ar the location of esgmentation
io the lefimoeg in sentence in narm,

.2 Prndiction for Unknown Words

Faor expreaging the method, an axample |3 ahawm in
Figare 1. Those words that are not registered in the
dictionary are pradicted by uwing ndustive leaming, Afber
the sentenees were segmented by known words, ths
unsepmenied part will be segmented by the predicied
COMUNOR patiemns a8 words, The predistion methad of an
uaknawm word is (o find the common charscter sering in
text amd extract f as a comuman pattern. The §ysiem
registers the extracted common pattarn in the dicticnary as
o word, meanwhile classifviog it in onder of probabdlity
bt it s & possible ward,

SEAERE RS STFE0ER,. B
TES A SRRl REWEE

B EERETOREFAZEAE &
AFEERGREARENY.

{ Ather developman| of many veors, 1ha
Chiness enterpricas of scence and
technolgy baing undar pr wata
menag=ment have entered an era of
high spead devalopmant, theee
enlarpd s haves bacome the main
pard al natmnal seonamy ad the
foros on dave loment of sdvanced
seignce and lechno lagy. 2

Figure 21 An Example of Chiness Texi

1.2.1 Extraction of Commron Pattern

The conditions that a common pattern 15 extracted as
& wond |0 nen-degmented vext are 8 followa:

Coodition 1; When & chamcter Sring appears in
non-segmenied text frequently, we call it a common
pattern. If the common pattern consists of mors then tao
characters, we extract it as & word and call it 51 (segment
1). Figure 3 shows the extracted 51 from the text that is
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shown in Figure 2.

Exirazted 51

2[E (China b, FR (nation ),

RERE (private manage ment
saenca and technalomy &

58 { seienee and lechrnloey B

HR (deveiop, devewpment |

Fipura3: An Example of Exracied 51

Condition 2; When the character siring appeirs
in the text omly one times but meanwhile it is
mecluded in other extracted common pattemn and
made up by more than two characters, we alao
extract it as a word. For example: PHE (science and
technology) is included in BEEE Therefore 1iE
18 extracted and belong to 51,

2.2.1 Exiractiom of High Dimensiorel
Common Parers

The extracted common patlern 51 ot Seetion 2.2.]
may inclode other commen pattern 51, At thig situatian,
the commen pattemn can be extracted moreover from ke
extractzd comman pattern. This re-extraction procedure 15
calked "Extraction of High Dimensional Common Pattern™,
We consider it bas higher probability as a word thet
extracted common  partterns &t this  procedure.  The
corlitiong of re-extraction hre oy folbows,

Condition 1: The common paterns can be
re-sxtracted from the extrasied common patberns when i
inchades more than two chamacters, Figure 4 i an

axarmple,

EEHEE (81 ) neudee B8 {51 ) Rlds
C51 0 i wtracied from LR (51

ARERRED - REGI« 15498 (52)

Figuare 4; An Exampie of Extraction of High
Drimensicnal Commaon Patbern

The part of re-extraction is called 52 (segment 1 the
part of remain is called 53 (segment 3). The 51 15 debeted
from tha dictionary when (1 |8 divided o 52 and 83,




& ien BEEEE ano both sdes af it
oe axraated a8 8 more Wo axtraok W
{high, advancad 3 &t 8 ward and beong
il ta B2,

b

Figure 3: Extraction of One Character Word

Condition 2: Furthermore oge character can also be
extracied a8 o word when bath sides of it are axiracied as a
word or both gdes were segmented by known words. An

example ls shown in Figure 3.
1.3 Construetion of The Dictionary

The extracted common patierns are clagsified
51", "§2", “53* and “CW" (oowrect word) and registened
in the dictienary, The common pattems of COW
classification are common patierns that are confirmed as a
ward by feedback process, The constractien of dictionary
i# Hioa Tahle L.

The FR, CS§, ES, LE and CL are frequency that a
COmmen patiern appears in bexl, correct sggmentation rate,
erfonequs  segmenialion mte, and the Jemgth of the
megisterad common pattern and classifieation of the
regisiered common pamerne o the dictionary as words
respectively.

Table 1! Constrection of Dictionary

wordl FR ] G5 | B | LE | Ol

1 f 1 W
e L o
EE 7 [ 5§ T | 2 | s
gl 12 12 [0 2 | 82
| o |14 | 4 52_|
7| 0 |2 N T

24 Feadback Process

Afier tha sysem segmontd ihe text into words, the
regults are judged whether they are carrect or ot by the
ier, Than the user corrests the errors if thare are ermors in
the results, The corrected results and emromeous resulis are
returned fo the system, The system updates the dictionary
by comparing the corrected reaulis with srroneous resuli,

In this process, the system updares the clasification
of the registered common patternt. And the system
increases the priorty depres of ibe words of cormect
segmentation amd decreases the grionty degree of worda
that were used in eroneaus segmeeations. The feedback
process is described in detail as follows:

Far the Hesults of Correct Segmantwtion:

When the result of segmentation i3 comect, the
vidue of FR and C5 of word that is used 1o segment are
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added cne. If the classification of the words does not
belong 1o CW, changs it o CW,

For the Results of Ermoneous Segmentation:

{17, [T he dictionasy doea not has ba cormest words,
the system registers the worda in the dicdonary, a8 FR of
the word equals | and clussification equals W,

(2). If the dictionary has the correct words, the
syviem adds one to the walue of FR for a word and
changes the value of CL v COW if it does sot belong w
CW,

(3], If th reason of erronecus segmentation is that
the ervopeous wood was used, then the ES of erosesus
word s added age.

For the Unsegmented Farts:

If the reason that the text |8 not segmented is that
there are not words in the dictiomary, the system regisiers
the wards in the dictienary a8 FR of the wonds equal 1 and
classifications squal CW, Figure 6 ahows an example of
the resalt of experiment and the comected Tesult. The
marked part of underline is an erropecus segmentation and
the rmarked part of doubly underling i3 ap wmsegme ted
puart.

The reselt of word cogmentation:
oo/ MRS/ B U 2RI
SRR RS, BT ESSRA
JImIRS SRR s AR, SRR
RESSERS OBEERETHAE
RN =R, RS
Bl RS B SRS RRSNE
hE S
The corracted result:

[ R R BB

41 PO TIRYE, /BRI A
AR TR TR ATREY
R/ I8N/, (/BRI TR
BERSERYEN RSP
/R /S R W
oL IN

Figure 6: An Example of Result of Experiment
and Correcied Resull

The example of the method for feedback process is
shown io Figurs 7.
1.5 Managament of The Dictionary

The dictionary is generated automatically by using

ipductive leaming asd enlarges with the increase of
processing text gradually. We manage the dictionary by




g/ /EE/ L] and KB sre the
part af erronecus segmentalion
and tho urgegsental lon part.

The process of worde for
corract serzmentat jaon:

B4 ¢ FRY,CE+1 ,the valus of CL

ig changad 12 CV.

The other parie of gorrect
segrental lon |s done same procecs

The process of werde faor
grronsous seemental iom!

P, EE and ¥: EG41.
HE, EE: FR*|, 1he value af
GL §s chamgw to OV,

par k@

EB: iF B8 is not in
dicllonary, regisler 11 In
dlictlonary by FR=1,CL=CH.

If #%i® ig in dictlonary, add one
ta FA of 3538 and change CL af
§%A 1o OV,

The process of unsegmentatlen

Figure T: Example of Feadback Process

updating the classification of the regioiersd words and
delesing the usaless words, The updste of elassifieation of
ward and delenon of word are decided by the value of
LEF af wordd, aa fallows;

LEF £ -10, delere the word candidares
- 10« LEF =0, then change CL 10 53

0 < LEF <10, then change CL te §I
10« LEF, then change CL fo 52

3 EVALUATION EXPERIMENTS

Te confirm the effectiveness of this method for
Chinese word segmentition and ndaptability for das of
differens figld, we do the experimenis for data of two
fields by this method.

4.0 Preliminary Experiments for Coefficiens of
Likelthood Evaluation Function

Before the evalustion experiment, we did the
experiments W deolde the opumum coefMicients of the
likelibood evaluadon Aisectdon Selecting 4 series of
coefficient did 1be experiments, We collected econamics
text of 200 sentences abowt 5,000 chamcters as data of
praliminary experiment. The results are shown in Tabls 2.
According to the results of experiment, we selsct
=], il and pel0,

Table 2: Preliminary Experiments of Optimumn Coefficients
1 1 0 1 ]

™

L ] ] [ I
1 1 1 | 1 | ) G0 L B0
] 0 20 |10 1 |10 10 [0 | 1w 10
CER[%)] | #4.85 | B6.76 | B6.0 | 6.7H | 84,1 | B2.14 | 87.63 | B7.63 [ B7.62 | &7 .40
| ESR[%6] [ 12.05 | 1024 [11.7 | 1022 1126 | 1485 | 937 (937 (938 |85
USR[%] | 30 |3 30 /30 [30 |30 130 |50 |30 [30
2.2 Data Collection
We collect twa felds of texr a3 dats of experimens inductive learndng The dicdonary & penerand
from the Chinese Corpus [10]. The engineecing text automatcally along with the extraction of itbe sommon
contalng 92,085 words and the economics iext contains patierns a5 word candidates, Al the fesdback process, the
27915 words, Towl of the dota 15 180,000 words. The emors in the result of word sepmentation ars commected by
engineering toxt coptaing the sext of electronies, the user. Then the corrected results and the rosults of
Communicaticn enginesring, machine engincering ard EEEMEIRALION coTARining S0Me efrars are rerumed o the
nulear industry, The esonomics fext contains the text of system. The system renews the frequency of occurrence,
scanomic system, economic policy and economle theory. the frequency of cormect segmventation rate, the frequency
of eronedins segmentation rate, and <lassification of the
1.3 Experiment Procedure rapistered comemon patterns in the dietionary, ta improve
thie abiliy of predicting an unknown word.
Al the beginning of experiment, the dictionary |s
empty, and input is hundred words per times. The system 3.4 The Result of Experiment:
predicts an unknewn word by & common pattern with the
456
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To evaluate 1hbe expesicnent result, we deflos the
evaluaton formulns; the corres! sogmentntion rate, the
erTar segmentation rate and wvnsegmentsd rabs e a3
fiollowa:

Correctness Segmentation Rate [%4]

_ Number of Correct Segmentarion

® 100
Total of Words

Eorror Segmeniation Rate [Paf
_ Number of Eorror Segmentation

=10
Total of Words

Unsegmentation Rate[%]
_ Number of Unsegmentation

# I (N
Total of Words

The rosults of experiment are shown in Table 3. The
avernge corméct segmentaijon rate (s 88.8%, the average
erroncous segmentation rabé @ 3.3% and the average
unsegmented rate |3 §.2%. This result are got under 4 staie
of the dictionary is empry at beginning. In the Figurs 8, ¢
arsl 10, the change of the comectoess scgmentation rate,
the unsegmentsd rate apd the error segmentation mie are
demonstrated respectively, In these Figures, the data of
experimant {8 made up of two parts, engineering sext and

dEonomics 18Xt

Table 3: Result of i
CER(E] T HSRE] | DRG]

N 62
4 DISCUSSION

When number of processed words 15 about 2000 in
Figure &, b corrociness SegEmenintion male & near Lo
100%%, And  afer 3000 words, the comettness
segmentation rate is going down bacause of ambiguities.
howewver ihe correctness segmentstion mate (3 going up
along with increasing of processed words. CL of word
candidstes [s updated and adjusted uninterrupredly, Whan
the fext is changed to different domain, the correctness
degrentstion rae i3 fsll down temporary, Bul goed an
iporeasing  quickly,  Sometimes  the  comecness
legmentation rate is o little lower becaase the domain of
1ext i & linle difference.

We did the experiments with text of two felds, and

god the accepiable mﬂum&mﬂmlﬂlIMI:-Th
e:mrlmmumdnuurhlhﬂmh [ ampty of 1ha
dictionary. Tha experiment 5 show the pmdintiﬂ:
Ihlli'u'nfmunhnm%u'dh using the inductive
lurnmg.ﬁﬁmd:fmndlhltlhﬂprnpmcﬂmfhﬂdll
effective for prediction of 1be wnknown words. We use
only the informatign of charscter smings of text in ihis
methad, Becauss any language mowledge is not used, tha
proposed method can be used on other pon-seEmentition

Al feedhack process, a user judge the result whether
it is comrect of aot, and corrects the ermors m result. As the
pedalt of the deviatlon of judgment of a user for
segmeniption sendard, the comect segmeniation rmic was
pechaps affected some degress. If the amount of data of
expariment 18 inereased, the unsegmented rale will be
going down and the correcmess scgmemtation rate will be
improved,

100

gWWW

&40 Engetring
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D 31 a4 @4 & 10 12 14 16 13
Hmber of Wornds 1 R

Flgure §: Changs of Comectness Ségmentation Rate

100
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2 4 8 8 10 12 14 1ll‘1|il
mumber of YWorde [eld™}

Figure 9: Change of Unsegmented Rate




In the Figure 8, when the data i changed from
engineering text I0  econGmicE texl, ihe  Sorresiness
sepmentation rate has a4 licle dscreass, but goes oo
increasing quickly, The correctnons segmentation rate of
the result has oo evident variation, so that we can consider
that the proposed method has alse adapiability fer
different fialds.

L0g

[y
L=

Ene Segmentaion Rae (%)
i
&

o ¥ 4 B B 10 12 14 16 18
Humber af Words {xin*

Figure 1{: Change of Erroe Segmentation Rate
5 CONCLUSION

The woed segmentation using the industive leatning
fwna oul o be effective, by showing expesiment result of
BE.E% comeciness segreptation rate, The experiments
were done for 180,000 words of two felds of text
Because of appearances of the terminobogiss in 1bs text is
frequent, the average unsegmented rate is mone than 6%,
But as Figure ¥ shows, the unsegmented rafe {8 going
down with inereasing of the peocessed wext The
COTTECLIEEE Segmentation rate |4 Eoing 1o be sabbe o more
than S0% accucy

We deal with the ambiguity of segmentation by
using the classification of registered common patiems n
digtionary., When there are peveral common patberna of
same classifleation, the correct papmentation candidata (4
decided by the value of LEF, the frequency of emonecus
segmeptation rate, the correct segmentation rale ‘and the
frequency of the common patiem appearing ip text and so
an.

As the result shows the method of uaknown woeds
prediction is effective. The feedback process updates che
information of regstered o dictonary such as cthe
classification of common patterns, s0 that the ability of
unkncwn words prediciion is inproved anintermpiedly.

For the funme works, we plan to use this proposed
mathod for Chinede morpbological analysis and swomatie
generation of terminology dictionaries. In addidon, more
detniled evaluation i3 necessary,

ACENOWLEINGEMENTS
We scknowledge the uwse of Sinies Corpus in
evaluanion experimene,
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