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ABSTRACT

Opportunities and nesds are (ocreasing to impus
Japaness sentences for o-mail on mobile phones since
parformancs of mobille plones |8 lmproving and & mall
bas come into wide use recently. We need to input
Jupaness sentapcns by only 12 kevs on moblle phones,
We have proposed a method to lnput Japaness seg.
tancnd on mobile phones quickly and ensily. Wa call
this method Mumber- Kangi tranalation method using
inductiva learning. The oumiber strings inputted by a
wer are Cranglated into ferp Kono mived sentences,
Since there are many kinds of Aelds in e-mall, [t is
difficult to translnte number strings inbo correct sen-
tences Btting the target Beld. The system based on
this matled s able to aoqulrs segrments a3 words and
dynamically adapt to the felds by its own learning
ablity, The rate of the correct translation was about
T5|%| on an experiment. The wser must procfread che
Grronecus charactars Lo the tranalaticn results for the
lntended sendences, The proofreading oeeds & large
number of key prossos. However, the erroneous char-
acters decrease since the systers bassd on this methed
is able ko dynamically adapt to varicus fiolds of e-mail.
Thus, the number of key presses decresses. This pa-
per shows the evaluation resulta for the mumber of ey
presses o our propesed method on a-mail.

Koywords: Nacural language processing, Inductive
learning, Japanese, Mumber- Kanji translation, Mobile
phone and E-mall

1 INTRODUCTION

Ordinary Japaoese seobences are expressed by fwo
linds of characters: {a. Kona and Kanp, Kans
is Japapese phonogramic charscters and has abouat
fifty kinds. Kangi s ideographic Chiness characters
and has about several thousand ldnds, Thesefore, we
oad to use some Nonfi input methods in order to
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input Japanese sentences into eomputers. A typical
miethod | the Kane- Kanfi translation method of non-
segmented Japagese sentences. This method trans-
lates non-segmented Kana sentences into Kangi- Kana
mived sentences, Since one Kana character ia genes-
ally inpuceed by combination of o few alphabets, this
method needs twenty-sbe keys for the alphabets,

Recently, performancs of mobdle computing de-
vices is gremtly improving, We consider that the de-
vices are grouped [nto two by their quality, One glves
UNpCTEALCE bo easy operation, the other gives bopor-
tanes to good mobdlity. Mobils phones are usable
as mpbile owmputers and belong to the latter group.
Their mobility is very good because typical size of
them (g small. However, a general moktls pbons has
only 12 koys, which are 0, 1, ..., 9, ® and #, becauss
of the limited asize.

The letier cyeling input methed s meat com-
monly wsed for the Inpot of sentences on mobils
phoass, In chis lnput method, & chosen key repreasnts
a consonant and the mimber of pressing bt represents
& vawel, For example, the chosen key “7" méprefenta
“m" and three presses of the key represent “u® . Then,
the aumbar of key presies b threo for the lopus charec-
ter *t! {mu)*. Since this input method needs several
key presses per a Kona character, [t s troublesome for
a user. Opportunitdes and beeds are rapldly (neressing
£ lnput Japaness sentences inko a small device such as
& moblle phone since performance of maebile phones (s
impooving and email has comas into wida use racentiy,
Therefore, methods are demanded whizh enabla us to
prompoly and eaally input Japanese sentences for a-
mall on mebila phones,

Kushler provicusly propossd T‘I'E'. TII@ s
ables us to ioput one alphabet por one key press on

*Tagte Communications lac. has developed T3S,
Ik e daghe com
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Flgure 1: Example of Translation

the keypad of O keys[l). Sinee three or four bottess are
assigned bo each key of O kays, the apecific ettar in-
tended by ono koy press ia ambiguows. This syacem
disambiguates the presed keys on word-level. How-
avar, bt is difficult for Jepaness becauns Japanme son-
tences are ook segmented into words ordinarily. More-
ovar, the syatem needs siveral key preses for input
of ote Kana charscter because almost all Kans char-
actars aro expressed by combination of a few alphas-
bets. Higashida has proposad *The degensrated fnpat
muthod" (2], This input method enables us to ioput
ope Kana character per one key press becauss about
Bve Nona characters are pssigned to each key of 12
keys, In this method, s user is able to Inpue keywords
that are I‘I':EE", "Hﬂ‘", l:d.‘l']-' haines, p:mul.l THLITIES,
andd sa on. However, noo-sagmented senlences are nat
able to be inputted.

We have proposed “KoeneKanfi Translacion
Mathed Using Inductive Learning”[3] The system
based on this method generates & dicticoary adapeed
to & target Aeld by inductive loarning. We sonaidar
that thizs method is effective for & small devies such
ns g mobile phone whose mematy bs limited gener-
glly. Then, we have proposed *Non-Segmented Kana-
Kanji Translation Method Using Inductive Learning
with Degenerated Keyword Input® [4]. This method
enables us bo input Japanese senbences promply and
caslly, We call this mothod Number-Kand Transls-
Hon Method Using Induetive Leasning. This method
Is exprossed ns [L-NKT Lo this paper, Figure 1 shows
an example of the cranslatien s [L-NET. A user ip-
puts & string of numbers correponding to the pre-
nunciation of an Intended Japanese sentence by che
degenerabed input method. The Kane Kangi ttansla-
ten method translates a Kana sentence, whereas the
number- Kangi translation method translates & string
of pumbers, A key premed on the keypad of 12 keys
represents & line of the 50 sounds tabie of Kana, which
is the Japanese syllabary. A user [s abls to input one

Table 1; 50 Sounds Table af Kana
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fana charactar par ane ey press by the degenerated
ipput. Table 1 shows the 50 sounds table. [t is set
in a Ave-by-ton matrix. The mately hae fve vowals
and ten conscoanta. Almost all Kans characters ase
composed of & consonant plus a vowel, Table 2 shows
the correapondence of the number with Kana char-
acters: e.g. the key 7" represents “® (ma)" or “%
(ma)” ar “E (mu)" or "8 (me)" ar € (me)* of Nana
characters. The characters in parentheses represent
the prosunciation of Kana. Then, & aumber charpe-
ter of 12 keys generslly corresponds w a eonsonant.
Sinos the vowel [nformation degonerates, the string of
aurmbers has ambiguity. The systemn based on [L-NKT
usos inductive lesrnlng and information af naighboring
characters for the disambiguation. The svstem 5 abls
o aculee segments as words nutomatically by indwe
tive learning and translate a string of numbsers into the
Kangi- Kana mixed senbence in consideration of con-
nictlon of the sagments by nformailon of neighboring
characters, The information of nelghbocing characters
is bassd on pogram staslstics. MNages and Mo pre-
viously showed & new method of b-gram stabisties(5)
Thus, [L-NIKT recewers the Information lost by the de-
generatlon and translates the strings of numbers inte
Kangi- Kana mixed nantenom,

Slnce & user inputs varioun meespes for e-madl,
there are many Azlds and a terget feld changes fre-
quantly on e-mail. When a target Beld changes to
naw feld, sentences of the new febd have sagments un-
registered into the dicticoary of the system, The un-
registored sogments are acquired by the learning abil-
ity of O-NKT. Then, [L-WKT is able to adapt oo the
carget fold dynamlcally,. Howsver, the trunslation re-
sult generally has errors. The errors are proofread -
Ing the Kano Kamyi tranilstion method by the uses,
The Kana chacacters are inputted using che letter ey
cling input method for the erronesus charsoters in the
translation result. This input method needs same key
presses per ong Rono, Howover, she oumber of key
presaes decrenses because the rate of the correct trans-
lation increases and Ehe proofread characters decreass
by the adaptabilicy of [L-NKT. This paper outines IT-
NET and the evaluation experimant for the oumber of
key presws o IL-WKT o emall.
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Tahble 2: Correspondence of Number to Kana and Promunciation of Kana
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13 key presses foc the inpuc. In the translation pro-
oo, tha inputted string of oumbers 8 translated into
a Nonji-Kano mixed senbence by using the segment
dictleniary, The segmenta in the segment dicticnary
are acquired in the learning process. They are clasi-
fiad imto Gva ranka which are M5, C8, 51, RS and LS.
M5 iz the most certain segment. C5 18 the common
gegmeant, 31 s the ssgroent one. HS is the remained
pogmant, LS ls the lenst cortain segmant. The order
of higher credibllity is MS, C5, 51, RS and L3. The
segments are applied (n this aeder. Their eredibility
is evaluated by the eredibllity evaluation function if
Latrning Procssa there are some candidates of the segment in the suma
rank. The credibility evaluation function is expressed
as CEF and defined na:
CEF=ax ND+Fx CR=9x ER (1)
where o, 7 and = ame coefficients. CR I the rate of
Figure 2: Procedura the correct transiation. ER la the rate of the erroneous
translation, WD is the appesrancs degres for the char-
acter strings neighbordng the Hmdl. CR and ER ar
based on the segment dictionary snd are updated in
2 OUTLINE OF IL-NKT the feedback process. ND s based on the neighboring
charncters dictionary, The credibllity for the segment
ia higher when T is higher, CH is higher and ER ia
Pigure 2 shows the procedurs for [L-NKT. The pro- lower, Tf the tranalation result hes errors, the prook
eedure conslsts of the translation process, the prood reading process is performed, The user judges whether
reading process, the learning procem and the feedback it s correct or not and proofreads them. [n the learn-
process in this order. ing process, segmoents are extracted by comparing the
Input string and its proofread translation result. Ta-
A user inputs & string of oumbers correspond- hle 4 shows the sxomple of the extraction of segments,
ing to the pronunclatlen of an intended Japanese sen- In Table 4. the mumber- Konfi mixed sentence s the
tenen by coly 12 keys. The user is able to laput gentence replaced kana characters In the Konp-Rans
one Kana character per ome key press by the degener- mixed sentence to oumbers, They are compared us-
ated input. Table 3 shows an example of input, The ing thelr sorumon sepments, ‘Thelr common ssgments
Japanese ssntence intended by the user s “BE R E are the uoderline parts in Table 4. The remnined seg-
L e (1 enjoy baseball, )" o Table 3. The charnctars msenta aré betwean the common sagments, The com-
in parentheses represent the English sentence for the mon and remained segments are registersd into the
Japanese sentence. The Kana santence corresponding segment dictlonary as words in [L-NKT. The system
to the Japanese sgsntenes o “bEL ZHEe 2&EMD extracts 4 cornfnon ssgment and a remained segmient
Lo uwotanmsimi]”. The diaracters between two segmants in the segmant dictlenary agnin.
in hrackets represent the pronunciatlon of Kana. The When one segment 18 incduded in ancther segment, one
st7ing of numbars correaponding to the Kena sentence sagmant is O and the other segment excluded CF ia
is *0436828 104537 . The string of numbers peeds only RS, In Table 3, one segment 15 (B281:BF8) and another
488
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[nzended Japanese Sentence ]
ish

Fana Sentence
FPronunciation

Table 4: Extraction Example of Sepments

Taput Sir
L Fr cHulL
jrhana Mixed | B X WA & 9 L O |
EILLJLFamm
Englisk I enfoy baseball.
Eatraction Hewlt ]
Segments English
[(iTER ') s 1
(8:12) Postposition
(R281EFHR) Basoball
(] Postpoaition
(354 Enjoy
(ar.L &) | Inflectionnl ending |

segment is (82613*81: MR, (8261 0FIR) is included
in [BZE1Z*ALFRRE). The underllne part represents
the common segment in Table 5. Then, (S2B1:FFRR)
8 exrracted as CS5 and [3*81:8) |s extracted as RS,
(H2ELE*A1: MW ) is deloted. At the same time, all the
characker striogs in the input string and Lts proofread
result are registersd into the nelghboring characters
dictlenary, ND in caleulntesd based on the nelghboring
characters dictlopary and ks defiped as:

Segroent String ---ag-1 - 6p - ga4r 0

ND{ey) = lenloem1) # Fijayloe-i)
+ienfogs1) % Priagylags1} (3

whare (en(A| Is the langth of o segmant X, Fini}')
and Py 1) are the value for s segment ¥ in the prob-
abdlicy distribution on the right fide of X amd on the
lefs side of X, In the fesdback process, the certainty
degres for the segroent (o the segment dictionary is up-
dated. When & translated segrment s correct, jts CR
increasss becauss jts certainty degres increases. When
& cranslated segment is erroneous, its ER incresses be-
cause its certainty degres decreases. It is judged by
comparing the translation result and (ks proofread re-
sult. Thus, the system hased on this method is im-
preving by the repesition of thess processes,
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Table 5: Example of C8 and RS

Bl
BN
A bassball e
-
lsk Blaseball
5
i
English Baseball
English A ground

3 PROOFREADING PROCESS IN
IL-NKT

The user proofreads the erroneous characters o ghe
branslation result. This process consinta of the judg-
ment, af the translation resule, the lopat of Kona and
the Kana- Kangi translation.

3.1 JUDGMENT OF TRANSLA-
TION RESULT

The user judges whether the translation result s cor-
rect o7 not. When the translation result bas errors, the
user ehoaasd Lhe erronesils charectars, In Tebls B, the
underline part is erromeous. Then, the gser chooses
the ntring “BE 0 In the Eranalation result,

3.2 INPUT OF KANA

The Fang characters are loputted for the proofread-
ing of the charackers chosen by the user. The input of
Kana is performed by the letter oycling input method
oo the keypad of 12 keys, The letter cycllng lnput
method is most commeonly wsed for input of semtences
o mobiles phones and needs some key presses per a




Table & Exampls of Proofeading

| Input Stein
[ Btring of Numbers |i Egmiﬁmﬁﬁ 1

Intended Sentenca

I watch baseball, |

fona characoer, In Table 6, the Kana string is “# A
A lansan|" for the proofreading of “8ik 07, The
aumbber of key presaes (s 11 for the four Kena charac-
Eers.

3.3 KANA-KANJI TRANSLATION

The ﬁ,’mm.-ﬁ'nﬂ;i translation rethod transiates Kama
charasters ioto the correct words by using the proof
reading dicticnary,  The proofreading dictionary le
different from the segment dictlopary. The segment
dictionary is used for the pumber=Kong translation,
wharans the proofreading dictiooary s wsed for the
Kano- Kanfi translation. Since a kana character is less
ambiguous than & sumber character, the mumbar of tlia
word cupdidates on the Kanoe Kangd translation s lesa
than that on the oumber- Kanf translation, Therefore,
the number of key presees for the Kano- Kangi transia-
tion s lesa than that for the aumber- Kand translation
Hnce the user choosss & correct word in the word can-
didates. For example, a number steing “2030% s trans-
laed by the number- Kongd trenslatlon method and e
Kana string “PAHEA |l|:-.|1uq:JIr Iz cranalated by the
Kana- Kanpl cranslation method, The number string
“2030" expresses WA A kansen]”, %A WA [kine
mn)" and so on. The oumbar Kongl dictiosary haa
(2020 BINE), (2030 28] and so on. The Kenae- Kangi
dietionary has (0 ActbA - BB, (2 A A @ SiR) and
0 on. In the oumber Kang tranalation, “B8" and
“Hr#8" are able to be a to ‘203", In the Kana-
Kenyi translation, “BW" s able to be applisd to ® I
ACEA . However, “S08R87 13 not able to be applied. 1t
shows that pumber scrings are mors amblguous than
Kona strings. Then, the aumber of key presses de-
cressen using the Konoe-Kand trapalation method for
the proofreading in IL-NET.
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4 EVALUATION EXPERIMENT

One aystemn based on [L-NKT hns baen developed for
an experiment. The other system based on LOC-KKT
uses MS-IMEZO00* for the ttanalation. LOC-KKT is
the Kono-Kand translation method wilng the lotter
cyellng Input which la a gemeral methed for lnput of
Japanese sentences on moblle phones, We svaluats the
numhet of key presses in these methods.

4.1 EXPERIMENT DATA

The data for the experiment consists of Japapese z2en-
tepces of eha Arse aucher's emal. The nomber of Ln-
putted characters is 50,000 for the data. There are
many kinds of Gelds and a target febld changes fre
quantly in the data,

4.2 EXPERIMENT PROCEDURE

The oumber strings for the experiment data are trans.
Tated en [L-NKT and the Kana steings are translated
on LC-KKT ever ; string. If the translation result bas

errors, they ace proofresd by a ueer. We avaluate the
number of key presses e input the correct Japanee
sentences oo thede methodas.

TRANSLATION
LETTER CY¥-

421 HKANA-KAMNII
METHOD USING
CLING INPUT

A user inputs a Kana sentence by the letter cycling
laput method, We express the number of key presses
for the input f¥. The inputted Kana santence is
trapslated inko the KanpKona mixed seotence. [f
kb Kana- Kang translation cesult has errors, they are
proofrend by the user. The proofreading process con-
glats of the [udgment of the translation result and the
Fana- Kanfi re-cranalation, The erronecus characters
are chosen by the user and tranalated again. The st
repeats the proofreading process while the translation
pomitlt has arrars, The user inpiita & oest ssntencs al-
ber the proofreading  We epress the number of bey
prosses for tha proofreading PR, Than, the numbac
of way presses in LO-KKT is expressed as N Pro and
defined as:

NProiNC) = [Ny (NC) 4+ PRING)
“Mlorosoft Corp. bas developad MEDIESN
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where NC' I8 the number of Inputted characters, For
example, she oumber of key presses is 3,082 for the
iBput of 1,000 Kana characters and 430 for the proal
reading of the translatlon result. Then, NV Pp- is 3,352,

422 NUMBER-KANJI TERANSLATION
METHOD USING INDUCTIVE
LEARNING

A user inputs & number string by the degenerated in-

put method, Ve axpross the oumber of leey presses
for the nput FV,. [F the eranalation resule has ervors,
thoy are proofread. The ecronecus characters are cho-
san by the user. The chosen characters are branskated

by LE-KKT, Then, the number of key presses for the
proofreading is N Pre. Therefore, the oomber of key
prosaed o [L-NKT s ocpresssd as NPy and dafined
A=

NELINC) = INJNG) += NPra(NCe) {4)

whera ¥, 8 the number of erroneous charsabars in
the number- Konfi transletion result, For example, the
pumber of kay presssa in 1,000 for the input of 1,000
characters and 1,369 for the proofreading of the trans-
lation ecrors whoes number s 320, Then, NFyy, is
2,350
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4.3 RESULTS

Figure 3 shows the changes in the rates of the sumber-
Koani tranalatlon in IL-NKT. [o Figure 3, the rate of
the correct translation is increasing as the pumber of
ghe Inputted characters |8 Inereasing. The correct rate
is about T5[%) Anally. Flgure 4 shows the changes in
gle number of key presses on IL-NKT and LO-KET.
[n Figure 4, the number of key presses on [L-NET ls
less than Shat on LC-KET by abous 20{%] in all.

The oumber-Kang transiaticn is performed on
& somputer with Ind Pentium™Y 1T peocessor at
450MHz and 320MB of SDRAM. In the numbesr- Kangi
seanalatlon from 40,000 te 50,000 characters of the in-
put daca, the rate of CPU and RAM used by the sys-
tam were about 95/%] and 2.8[%|, and the time was
about 1.5 hours.

4.4 CONSIDERATIONS

In Flgure 4, the pumber of key presses in [L-NKT ls
not less than that In LO-KET at firsst, However, the
nuimber of key prossss o [L-NKT is decreasing as the
number of the inpuitted characters i3 increasing. Be-
eniige the correat translation raca |8 incrensing and the
number of the translatlon errors is decraasing, Figure
3 shows {5, IL-NKT ls able to adapé to the Gelds by
{ta own learning ability even though the input data bas
varioos fields and the target Beld changes frequently.
When the target fald changes to & new Geld, thers
are sagments unregistered (ot the segment dictionary
in the sentences af the new fald, Since the sysbem
based on IL-NKT acquires the unregistered ssgrments,
the segments apg able to be applled (o the pext trans-
latlot for the Beld. Tt shows that the system based oo
-NET [ellows the changes In the Gelds even though
e-mial]l has many felds. Thus, it is proved that the
number of key presses is decrossing by the sdaptabil-
ity of IL-NET.

The size of the proofreading dictionary influences
the correct cate of the Hano- Kongi tranalation usaally.
When the size is big, the correct rate is high. However,
the die of the proofreading dicticnary is limited on
mobile phones. Then, the correct rate of the Nana.
Kangi translation on mobile phones is lower than shat
of MS-IME2000 gensrally, The correct cate influshces
NPeo(NC) more than NPro(VC,) because NC s
meee than NO, o equatlon (3)(4). Then, [I-NKT
is efective all the more when the correct mate of the
Fang Kangl trasalatlon 18 low, Tt shows thas [L-NET

"I D and Pustiom® wre regirteced trademarks of Tnbed
Cop
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is avallable on moblle phones limited mermory.

5 CONCLUSION

I this paper, we evaluated the number of Key presies
in [I-NEKT on e-mail, Since o user iapuks variong mes-
gages for #mall, thers are many Belds and the tar-
ges feld changes frequently. TL-NKT is able to fol-
lew tha enanges of the Gelds by ite cwn sdaptability.
Then, the proofread characters decrease because the
rate of serrect translation inerenses in [L-NKT. Since
& oumber character 8 more amblguous than & Kana
character, the oumber of the segment cabdidates on
the number- Kanti translation ls moee than that on
the Kana-Ranji translation. The proofreading on IL-
NKT is performed using the KeneKangl crapslation
method. Then, the number af key presses in IL-NKT
is less than that in LO-KKT. Thus, it is proved that
IL-NEKT is available for input of seatences for e-mail on
the keypad of 12 kevs, A futaure problem for IL-NET
ks the decresnse of CPU time.
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