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Subword-based Replacement of Unknown Words for
Neural Machine Translation
Masahiro Takada
Abstract
The demand for machine translation is increasing and improving its accuracy
and cost performance is a major issue. Neural machine translation is one of the
methods for the issue. NMT can consider context and nuances. From this, NMT
does not generate syntax errors, NMT can do accurate translations. As a result,
NMT has greatly improved the quality of machine translation.

However, NMT is difficult to translate unknown words. To solve this problem, a
method of replacing unknown words with synonyms has been proposed. However,
that way you have to prepare a monolingual corpus. It is a big burden to prepare
them.

Therefore, in this study, without preparing such a corpus, we propose a method
to reduce unknown words to multiple known subwords and replace them with
synonyms. There are three issues to be addressed in realizing this method.

1. Division of unknown words
Unknown words may consist of multiple terms and it may be composed by
synthesizing some of the terms. In addition, it may consist of new words, It is
necessary to train the division model from a large number of existing corpora,
not only Divide based on the dictionary.

2. Subword composition
In order to obtain synonyms for unknown words, it is necessary to synthesize
a vector of distributed expressions generated from subwords divided into
unknown words to construct a pseudo distributed expression for unknown
words.

3. Verification of translation validity
It is necessary to verify whether the translation result of the sentence in which
the technical term part is replaced with the synonyms obtained by the above
method is valid. Also, it is verified whether the translation accuracy of this
method is improved compared with the normal NMT. There is a need to

continue to.
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For the first issue, use mecab and sentencepiece together and divide into
subwords. For the second issue, Get a vector of distributed representations
from subwords and get synonyms from the mean of subwaord’s vector. For
the third issue, evaluated using the Wikipedia Japanese-English Kyoto-
related document bilingual corpus and the Japanese-English Kyoto-related
bilingual glossary. The BLUE score calculated using the English translation
manually translated by the bilingual corpus is used as the evaluation index.
The contributions of this research are as follows.

[1] Division of unknown words
We devised a hybrid division method of division by morphological analysis
based on a dictionary and a division writer learned from a large-scale corpus.
By this method, 90 out of 100 words in the Japanese-English Kyoto-related
bilingual glossary were successfully divided, 74 words were divided in mecab,
and 14 words were divided in sentence piece.

[2] Subword composition
We succeeded in converting 9o of the 100 technical terms divided into
subwords into distributed expressions, and succeeded in acquiring 90
synonyms. Of the 90 synonyms, 44 were valid.

[3] Verification of translation validity
The technical terms were replaced with the acquired synonyms and translated,
and the translated part of the synonyms was replaced with the translated
words in the Japanese-English Kyoto-related bilingual glossary to generate
the translated text. The BLEU value calculated using the translated text of the
Wikipedia Japanese-English Kyoto related document bilingual corpus was
0.21, which was 1% more accurate than the existing Google Translate. On the
other hand, in the manual evaluation, the suitability decreased by 2.7% and

the fluency decreased by 2.3%.
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SYEIBRDEE AT o 12T % A M F—# 1% Twikipedia HAGE=Z —/ 32 ] DX TH
ST=DT, IOTHFA ST =2 E2HN5Z LT, ¥ 7 U= KKBRED X H BT
LODGREEITH> TWVETZNEEZTND,
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E5EHITI—FDERK
SEDRRFIEDY 7T U — ROGKITHT-> T, HEBEBOBEKROITS AT K
NGB EBCTRTZEDTE S, Wordavee] ZH\, &V 7 U — RO hL
RO, TNOLEAKRT S L CHEEESENT S,

8IFHT T —RITLDOXRT MgHETREZR L TEY, wordavee DET /L
TERIRE D /3T A= Z R EIZDONWT OB LI & & LFERIS, £ T T — RDX
7 FVOWTEIE 200 RTTHD. ZOV T T — REEDORT FIVGEBEREND
cos JALIE 2K, b cos HLEDEWHEEZIERIEL LTWD. 2D cos HH
BPLE LI, 22507 MABENTE TR CFRZAW TS0 %28 L7
DT, cos FLEN o & =1TiX, BEEMES, 10& SITTEBER WD
EZRLTWA. cos FALIEEIXTRRO L 9 e ATRI LN TEX 5.

cos(g, d) = q-d — iiz > qid;
’ ald 1@ 1d Taw a. e o
Yiz14i " L= di
o L %
cos@, )= 7= 3"
L=

ZORDOGEHE, X7 b ql dDORES(NVD)EENENRITIZHDOTH
D, IR brq e doRNEICZE-> TS,

RIZ, HEHTU—= RN MEERT S, 7u 7 LTI 7YV — RO
7 bV model.wy["H T — R"]CHEEAET L. EELENY LD, HEEE
DEWVHEENERTE 5. SEIOREFETIE, OV 7V —FEHWD 729
RS L7y MLV EHE L, ZTINOMHEFEELZEETS. K 9 1T EED
Ta TG KA FTRERO—HITH L. —F LD, ETHIIERE S O RAGEE
LT, EEELZEE L LOTHD. 22T, AROBRLITEHOZ L TH
LOEN, BONIHEFEETIE, JEEV D, AW EEWRT 2 HGE L A
LTEAL WD, UL, 2ERERD 125 L0 7 U — FOBEFENHR H
7272 TH 5.
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H

[-3.9397185 2.12252 4.6165442 -1.6339113 -0.18043627 -2.675837
0.06320617 -1.2840602 -3.312681 2.5507905 -0.9580897 -1.8590086
-0.30292457 2.0110707 -4.812423 1.3335266 -2.0181723 -3.5464022
5.3967404 -3.744996 1.017957 -2.1995933 1.1350121 -1.5436314
-1.6953205 -0.31040782 0.847443 0.7533174 1.1971139 -0.24654306
2.8563554 2.0098758 1.0892401 -0.2979981 -3.204053 1.0711583
3.0279758 -3.056772. ]

Z

[ 2.8366635 -2.1001432 -0.29089066 -0.9527352 -3.2941544 0.5741435
0.8656262 1.5609764 -0.76358217 3.4311965 1.3043519 1.1624463
-1.0299913 1.321775 -4.2698174 1.2434957 0.20927492 -1.6669303
2.9165921 -0.56702155 -4.750387 -1.5371717 4.104979 -5.585199
2.6036766 2.3841567 1.0045844 -1.582484 5.6351185 0.16135499
-6.494291 7.5126266 -0.3263871 -1.545107 -6.7279754 0.07615476
4.2639656 1.7222615 ]

=

[ 0.11007722 1.247144 0.0515045 -1.3213723 1.2363243 -4.7861705
-0.61521417 -0.32388616 -0.14013055 4.227027 -0.4775963 -0.43555218
-3.0889359 2.3424726 -1.6440318 -1.8447586 -1.0765408 -2.5584013
1.0460086 -0.08974183 4.1136594 -0.86174464 4.0286193 -1.6691662
0.9937838 -2.612371 -1.528064 -0.3760923 2.3140337 -2.320693
0.04575034 3.5321913 -0.6723359 -3.60309 -3.7408898 3.5374048
=3.1163294- -2.1706097 ]

B 8 YT U—RILDXRT MLBEB
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RHAEE . TR mecab

2EIAE . mecab CRIZE,
DEGER R, B : :
{EAEF L : word2vec(mecab) o i
BSERE  NE :

0.6168166399002075)
©.5795539617538452)
©.5635163187980652)
0.5627354383468628)
0.55882728099823)

0.5584231615066528)

'
J

%', 0.5582609176635742)
ﬁ" 0.556849479675293)
"$¥3X ', 0.5433258414268494)
("/ER:", 0.5428525805473328)

RHAFE : ARMER

giﬂg’;ﬁ ;;“té"‘:%’iece \ .6114177107810974)
="JI'A e G L] -~

fEAET ) : word2vec(sentencepiece) i 6.5346105098724365)

BSERE < .5036659240722656)

.49488410353660583)
.4922068417072296)
.48909056186676025)
.4858201742172241)
0.4822464883327484)
.46423470973968506)
', 0.4629804491996765)

*fﬂ%ﬁf BEER mecab
RENEE  RKHE ("EER .9114680290222168)

SEIER - R ) i an
Eﬁﬁfv“)l« word2vec(mecab) ‘ .7635488510131836)
TEBXERE © 1550 WK, 0.729992151260376)

.7294120788574219)
0.7080562710762024)

.6897152662277222)
.6816051006317139)
.6809511780738831)

', 0.6424344778060913)
FI=', 0.6421363353729248)

9 JFHFFRERGDOITHI

FDK 9 1%, wordavec ZHWTH T U— KRB IEFRELIES LT-ETHITH
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5. —FEOSFEATHITIL, mecab THEIZIT-7-V 7 U— KD, £ mecab
THE Z1T o 72 wordavee & W CTHEENVES LT T2 R Th 5. RAGEIL
KREEVWIEYEBERTH2LOTHD. fRE L CESLZESBTIISED
IR BT D HGENE X HEINZ. 2F 0, ZO0—FLEOMEENS, IEL
WIEFGEE G DM TONRN -T2 LR D, Z2b, BETELZ LI, 7
U— R0 1K) LW O FEORENBS MO ZLEZEZALND. KIZ, 2B D
FATHITH 5. 2 % H DFEITH)IL sentencepiece THENEITHT= VT T — Kb,
sentencepiece T #1T -7z wordavee & VW CHEFREES 2T 2R T
b5, REGEIL, EBEPLEFETND, (LBOE &V D BEWT, &MIcBET 51
FECHD. T THIRFT AR E LTI, &Y. RO AEESEO B N EFEE
LTERTELILETHD. ERICREFIECHERES T oM E, #5T
STHEEFEITIFTHY, TR HILBITET RO Z L2 L TWDH T
b, SREIOETFIEOHRDHIE S 2 5. 22T, BEtom O EFEENES X
TeDix, Y7 U —FD [BE] & WICFED, RSEELZRIT LD E W) BLET
X5, 1FHO 2 FHOFEITHRG, 7 U — ROEERHR HHEATIC L -
T, BFEERD D ELNKGER I EL VDR WGERH DO TR E N
DT EMERLND. ®EIZ, 3 FHOETHIOBMEITH. HEIEITHOTIZ,
MEFRAENEAECE R THD. A LZET VI mecab DHLOZEH W=, =
TR, WERRAIEER & VD HERICE X b > TRV, — REAFREEGITHRII L T
WD EHICEZ DN, RAGEEZ YT U — ROREITE CTORWELET, ZORE
FIEOFGMAMEITFEATETEBHT, MRE LT, HEBESGIIAREES> 2 LI
5.

UEDZ b, ¥ 7 U= RInETLFES, 7V — FOXT MVERTT
BHRIEZ DI LT, BENRIBERENED L IITEDLY, ZORRNEOFLE
B T E IZDPRGT 5 BB 5.
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6 &

LSRIO|BEFIETH LV 7 U — RIS = o — T /VEMEIR O R aEEE X
a2 OFIFREE OFEMIL, BLEU 2 2 72 X 25l & ATFIZ L D7D 2 2D )5
ETIT .

F 9%, BLEU 2 a7 OW T OB AT 5. BLEU 2 271X, BifEm bR fill
A ENTODHEMERR ORI FiETH D, ZORMEFIEORIRIE, 72 OFR
%@;,RJ: FAUTIENE EZ OBIER O E L&) LD fb@f%%s L2

A alDAFFEZ BT, 7 1 OFIFRE 1T Wikipedia H 9% 5T # B ST E 3R = —
PRZZNWEF STV DR TH Y, B FIEOFIRRC E IERFIEDOTRIT D L
H O NEDOXFRIZIEDN D0 Z i LT <.

TREOBEULBLUE A a7 2RO DHHDTH S, BLEU A2 7 (X, N — gramii
ERTIHEEZITY. N—gram& i TEEV &9 EH L7= N X7 LW 9H EKRT,
BLEU 2 2 TIZEWTITEF IEIN=4 & L TR IND. £2, WlEIN — gram®d
EHTHS.

BLEU = BPexpW, Z(loge B)

n=1

1
W, = —

X AL BRI TBLIEN — gram X

P, =
Y iR DN — gramii

Z® BLEU 2Aa7 W To72. FiEIRETIEDO BLEU R 227 O
EPERFIED BLEU 2 a7 ONYEHEL L, ZOELEZRET H.
REFZOBEFOTFHDOHTEME = 0.2114623173356638
ERFZEZOBERDTEHDHTEE = 0. 20578456368625225
REFEOBEHDOEEREDHTERE (R RIZELERZE) = 0. 19658026995751368
EEFEOBEFDELEREDHTEME (FRIFEERZ) = 0.1910219727054298
AF1—TUFrFDLEE
RE ,£p1L-0038
HEFEFiE pfE = 0.041
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BLEU 227 O VF¥EFHE L= 25, Lo X iR/ Eoni-. -0k
DOIRBETIEOT D, FHEERFE L 2o TWD Z ERbhs.

22T, ZOFHEFEROEICHE RN H D OHKTT 57O tRIEEIT .
SN R R D FENSTERCEZER L TOWDADT, WSR2 LOtREEZITY. L
ML, tREEIToToE 2 A, IEHMEDHRR IR T2, a2 i)
Dz, FERND BLEU R a 7 &SN Aoz, AF2—FT 2 FOtK
EEITHIZ LI Lz, ISR LOATF 2—F > O tIREIL, 2 DOMEARDFY)
EICHBEZENRWZ LIREGLE L, BIEORMBERE TIE, ZhrnENEINDLZ
EEPIFLTWD. FEERIE Tp=0.038) & p=0.041) THY, & HIFEHEIZ
BEENRN D CIREGRNEH SN0, SEORETIEEMERTEDOF
YHBICEBEN DD LW Z EnbiroTz.

I NF TOFROFAmRE Bl HOWTHR RS, SEOFMTEE LT,

{F3C wERT BERRCSCA FHERSCBY

EWVW) T xr—~y NOFHi— NERET S, ZORE, JEICERERSUTA I
A L7 B R RS E CHE SN TW A b2 A Li-. £ L THIRRX
A, BEIOEER BICIE, AREIOREFETHIER L72BRRSCE MR FIEOFR
LT H DIAI, FHlE 3 4 NA T ARDNLRNE DI L. TRl
TTRABEFEZAFTIMHEL-bOTHS. FHMERNEICELTIL, 340
M SRRSO Tty & RGBS © 2 DOIEHE T 5 BTl 217 -
TH-o7-. LT, s4TnTRO 24 & [HGE ) OfHbfEo F-4E
AL, BETEOOFBE L LTW5D. [FERIZ,

—

F 2 ([T FIETORMBE D A& E TV 5.
IREFE®D Adequacy = 3.89
e F %D Adequacy = 3. 94
IREFE®D Fluency = 3.93
HEEF %D Fluency = 3.95

REFEDEHDFHYR = 7.83
WEFEDAFDFYR = 7.89

2BDTNE = 0.06
KIS, AR ERRO L D mbDIilieoTz. DT Eb, AFTORER

LOFHIIERERFEDIE I BENEVD ZENELD.
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£ 1 BEFEOVERH

[RXX SR REFZE Adequacy| Fluency
Rakkei (&) the celebraticlm of
. refers to the constructllon of
EELIX, FHGE . a temple is
DL, F-1EHE ceIebratpn of new celebrating the
DFTEREHROIZET construction or the completion of new 3 2.7
completion of .
H5o . construction or
repairs to temples )
and shrines. repair of tlemples
=g = — | Terauke shomon | A taer:guigrl:ﬁjr.non
g:sgigg%u}l#i was a certificate is a document
BT %[ﬁ}?ﬁ?ﬁé issued by Buddhist issued in the
%(:%‘ILTE 503 temples to danka temple contract 97 3
BRTHDLET (supporter of a | system of the Edo
@Téf‘&)l:%ﬁ Buddhist temple) in| period to prove
LT‘)‘(éU)Ct order to prove that|that the temple is a
= ° thSehv wer; actluallv Danke of its own.
oryodana is a .
shelf placed to hSP;co;yodar}a 'S 8
BEMIEXRDE welcome the | S"C" o welcoming
BRIITESRIZH | ancestors and ancestors and
LWNTHEtH. $EE% | spirits in the Bon spirits at the 11 3.7
WZBH-6DHR, | festival, which is a Japanese
. customary event
conventional event Obon
in_Japan. )
An ote—mon gate is| Otte—mon Gate is
KFEM&IE. B |a gate constructed | the gate at the
DHEEBIZHE DA at the most tiger's mouth
B Z DA FEFIL. |important entrance |leading to the inner 3 13
=DIGE DHAER of a Japanese circle of Ninomaru '
~NBELSEDOIZEE |castle that leads to| or Sannomaru in
[Tont=-f4, kuruwa (walls of a the Japanese
castle) such as a castle
Shoin—zukuri is one
of the Japanese | Shoin—zukuri style
ERElX. BAD residential is a style of
EHRTEF A EA LI& | architectural styles |housing established 5 4
[IZRIILI-FED which were after the middle of
B TH5, established after | Muromachi era in

the middle of the
Muromachi Period

Japan.
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K 2 JERTEOFERH

JRX SR TEEF % Adequacy| Fluency
Rakkei (3% ) The celebratiF)n of
. fers to the construction of
EELIL, FHaL rete a temple is to
DHFE., 1818 celebratlclm of new celebrate the
DFEREHRIET constructhn or the completion of new 3 3
completion of .
H%. repairs to temples construction and
and shrines. rep;a:]l; c:;:i(:zzles
FHEIAIXIL.IIF Terauke shc?mon Terauke shomon is
BROFEREC| V2 certlﬂcat_e a document issued
BT, FhehE issued by Buddhist by the temple in
RIZHLTHED tﬁmp'esr? daf”ka the Edo period to | 2.7 33
EBRTHAHAZLEERL B j(l;ﬁp: ter Ol ?. prove to the Danka
B9 51-IZFKT ofder ,Icz pfor::z ih;: that it is their own
LI-XED_L, thev were actually Danka.
Shoryodana is a Shoryodana are
shelf placed to shelves for
RBEMIBEARDE| welcome the welcoming
BHIITERRIZE | ancestors and ancestors and 4 37
LNTSetH. ¥5=% | spirits in the Bon spirits in the .
Mz 51=HDHf, | festival, which is a traditional
conventional event| Japanese event
in_Japan. Obon.
An ote—mon gate is| Otte—mon Gate is
KFEMEIE. BAR |a gate constructed | a gate provided at
DHEBIZHITHA at the most the tiger mouth
ER—HRFEI=IL. |important entrance leading to the 3 3
=DONGE DIER of a Japanese Kuruwa such as
~BELAEOIZER |castle that leads to [the inner Ninomaru
[Toht=M, kuruwa (walls of a | or Sannomaru in a
castle) such as a | Japanese castle.
Shoin—zukuri is one
of the Japanese | Shoin—zukuri style
EfRElIE. BAD residential is a style of
=BT P HILL% |architectural styles |housing established 5 43
[ZRRIILT-EED which were after the middle of :
BXTH5, established after the Muromachi
the middle of the period in Japan.
Muromachi Period.

ZOZEEBER, BEFEOFMMENIERFIELY, MHEEAKL L TLE
STRASNTOBELE L LTV, Al BEFENHIZEKE LTLEST
JFRE LT, BEXABNLDIE, ELWHBEHREDPERTE TORho bz e
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EZD. IRERDL, ANFOFMEICENT, BEFIEOZ YN EMERTIEORY
PEDOENRKENNLTHD. ZAMEEIE, BROBULAOIRETHDL Z b,
WETIEOHN, BRMEDY SHNWEEIZETHD. TOXIRBREL
TV &, ERBESCHEND T2 VI OBEKRTHY, SRIORETED
AR AEEIFIC OV TORBE L ZT-> T <.
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F7E BhYIC

AEIOFEERTIX, RHGEOYT 7 U — RSN T MV EEBL) S
RS L, —o— T VEEEIRR (NMT) # W TE S FRR 217V, BIER
FEEE DN A 372 DHNMT- DUV THRREE L 7=,

FEBROFERID, ) ESHERELESL, FRIVERDIERTELY B RWEE
MRESNTZH DN OIFIE LT, LnL, IRETIE MR TIEORKN 72 F)
AROFHIFE RS, EBREIT> TV I BIZR SN2 b, tFET 5 & AN
WS OLBHDI EBbrol. TORRERE Z T, ET HREXAUTHONTR
AT L,

[1] TR MT—FDBEUSH

AElDT A h 7 —421% [Wikipedia H Z& 5B #E SCEXFR a2 —/ N2 ] D

HAELICRATE LD TH DD, CEDORERSSITFEITRY 73D L 9 I
ST, SCEMERICB WL, T X TOFSIRRAGED DIAE > Tz, [A]
C XD tEDLEZT TR, B EEDOL AT A T —4# L LTHE
LEBRERD TNE T,

[2] T U— RDOLEIFHE
SEIDOERZIT > TODEE, DEIEATZIRVRIGEDN 10 sBFELTZ. £D
B8, RMFEZ D H D% mecab @ wordavee £ 7 /L& W T, HHFEEES A
Tole. FERE L THBREZEEHKZDIZ10HBR 8FHTHo7e. ZD XL
INTHENZAT AT, wordavee THFFEAZMEFHIRRNE WD T ERRNEK
12, AEHVZ mecab & sentencepiece LIS EIFEERKEET S Z &
X°, sentencepiece Db DDFEFEFEM AT Z & THEITE 38 %
BT I ERMETHD.

[3] ¥ T U— KT MVOARITEE

LSRIOBEFIETIE, RUGELZY 7 U — FICOT KIS, X7 bLOARK

#{T> T, cos FMUENOHFBHELZBGT L2 LITR-o TSN, BIERHET
IRT SO EES>TERLTWD., 29758, FFEOYTU—FKD
WANRHBEECLEY, oI 7 U— RiErLELNZ 1T B A 7
W, BEFRENFEL., BRI R EZHANWS Z LIk - T, BT
FBENED L IITELT D2 DOV THIRHRTE 0.

[4] %815 L7 JaZERE D 241
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LA U7 S FRAE O /2 NI, RINGE & 1T BEROZRWE S 7, B
DIENH DN RZT bz, £ 2 TEOBE LI EERFEOZSHEIZONT,
Lolh & LT EHEZED, MW T& 5 L9127 5.

TDIENCHSETHREEZAEH DN, Z0 2 f8, HEEEL TbikE
TRELLELTETHD.

AN BRI o — X2 2 W T, = 2 — T VEEEIER O R EE A~ %t
JRIZ DWW TOMEEIT>CTE 7=, LL, b7 L 51, ZoFEITK
BENEL HDZ LN, NEEOFEE oL 5T, FEREC MR
REDNRIGA—=BEEZDHIET, FVDIWHEREZELZENMHEKDLEBE X T
Wb, £, FRROSERE T TR, I A MRT 4 —v U AR —F~O A%
BRE LT =2 —F WEBRIRR DO A &2 < A RIZOWTHIFEEZED TV & 720
EEZTND.
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KR EITHZHTZ0, B THE, ZTBhE2BY £ LEESEHE O
BB IS U B £, £ 78BN S BIERIC R > TV A4S HRE
REOEIFIZHEHOEEZRLET.
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