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Distribution of languages in the two dimensional word order space
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Ehara, Terumasa: Relation among word order parameters analyzed by multi-dimensional scaling,
Proc. of the first annual meeting of the Association for Natural Language Processing,

f’h pp.173—176, Mar., 1995 (in Japanese) htip://www.rs.suwa.tus.ac.jp/eharate/ehara/ronbun.files/
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Mongolian new character set
expressed by Japanese EUC

Japanese EUC Russian Cyrillic alphabet + © and Y

J

Japanese EUC Russian Cyrillic alphabet
+

Greece © and English V




Language resources for ChaSen

- Grammar table (grammar.cha)

- Conjugate type table (ctypes.cha)
- Conjugate form table (cforms.cha)
- Connection matrix (connect.cha)

- Content word dictionary
 Function word dictionary



Grammar hierarchy
(part of speech hierarchy)

Top level

Second level

verb masculine a
verb without stem conjugation masculine 0O
noun feminine 3
noun without stem conjugation feminine 6
adjective neuter
adverb
conjunction Third level
Interjection
postposition free form
verb ending affixes
noun ending 4th level
unknown word

vowel final

word space

sentence finals

sonolant consonant final

comma

hidden consonant final

opened parenthesis

unsonolant consonant final

closed parenthesis

X Y W final

number

b final

5th level

vowel
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sonolant

sonolant

sonolant

sonolant

sonolant
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Conjugation type and
conjugation form table

. . base |c- c— . . base |c— c— . . base |c- c— . . base |c- c—
conjugation type form_ |form1 |form2 conjugation type form_ |form1 |form2 conjugation type form |form1 |form2 conjugation type form |form1 |form2
hidden 6 H * H O H sonolant N n n * vowel v v * unsonolant 1 3 |1 3 |3
hidden a H * H aH sonolant H H H * vowel 6 0 * unsonolant M Cc |1 c |c
hidden * r sonolant 0 6 06 |6 vowel a a * unsonolant U T |M T |T
hidden 1 H * H UH sonolant 0 B 0B |B vowel U " * unsonolant U X M X |C
hidden H * H H sonolant O ™ or |r vowel O 0 * unsonolant U UL M L | L
hidden 0 H * H O H sonolant 0 N on|n 0 vowel V y * unsonolant U 4 |U Y |4
hidden 3 H * H 3 H sonolant 0 M OM [M vowel 3 3 * unsonolant M LW | W W LW
sonolant v 6 v |[6 sonolant 0 H OH |[H 0 vowel U 1 MK K * unsonolant 0 0 o o [no *
sonolant v B v B B sonolant 0 p op|p 0 unsonolant v [ v I il * unsonolant 0 XX | 0 XX [X
sonolant v I v r sonolant p p p * unsonolant v VK K unsonolant 0 3 |0 3 |3
sonolant v N vi | n v sonolant y 6 yo6 |6 unsonolant v 3 v3 |3 unsonolant 0 ¢ |o ¢ |cC
sonolant v M v M M sonolant V¥ B VB |B unsonolant v C v C o unsonolant 0 T |O T |T
sonolant v H v H H \ sonolant vV I yvr|r unsonolant v T vT T unsonolant o Ll |o L |L
sonolant v p vp p \% sonolant v N vnln \ unsonolant v L v L Ll unsonolant 0 4 |0 4 |Y
sonolant 68 6 66 |6 sonolant Yy M VM |M unsonolant v Y vy y unsonolant o W |o W |wW
sonolant 8 B 6B |B sonolant vV H YV H |H \ unsonolant vLL vl LW unsonolant v o |y O |4 *
sonolant 6 6r |r sonolant vV p VD I|p y unsonolant 6 4 |6 40 |4 * unsonolant vV XX |y X [x
sonolant 8 n 6n |n 6 sonolant 3 6 36 [6 unsonolant 6 X | 8 x | unsonolant v 3 |y 3 |3
sonolant 6 M M | M sonolant 3 B 3B [B unsonolant 6 3 |6 3 |3 unsonolant v ¢ |y C |cC
sonolant 8 H 6 H |H 6 sonolant 3 ar |r unsonolant 8 ¢ |8 c |c unsonolant V T |y T |T
sonolant 6 p Oplp 0 sonolant 3 N an |n 3 unsonolant 6 7 |6 T |T unsonolant v Ll |y u |u
sonolant a 6 ab |6 sonolant 3 M I M (M unsonolant 6 L |6 1 |U unsonolant Vv 4 |y 4 |y
sonolant a B aB|B sonolant 3 H 3H |H 3 unsonolant 8 4 |6 4y |y unsonolant v W |y W |W
sonolant a ar|r sonolant 3 p 3p|p 3 unsonolant 6 W |6 W |w unsonolant 3 1 |3 4 |4 *
sonolant a n an|n a vowel v 1 v |v * unsonolant a 4 |la g |4 * unsonolant 3 X |3 X |X
sonolant a M am |m vowel B 1 on |6 * unsonolant a X | a X [Xx unsonolant 3 3 [3 3 |3
sonolant a H aH|H a vowel a " anla * unsonolant a 3 a3 |3 unsonolant 3 Cc |3 C |C
sonolant a p aplp a vowel € " enle * unsonolant a C ac|c unsonolant 3 T |3 T |T
sonolant U 6 M6 |6 vowel € 1 én |é * unsonolant a T |a T |T unsonolant 3 L |3 U {u
sonolant U B MB |B vowel O 1 ou |o * unsonolant a L |a U |uU unsonolant 3 4 |3 Y |4
sonolant U I Mr |r vowel V " vinly * unsonolant a 4 ayd|u unsonolant 3 W |3 W |wW
sonolant U N mun |n 7 vowel 3 1 3N (3 * unsonolant a Wl |aw |
sonolant U M MM |M vowel 5 " Aan|a * unsonolant [ )il )il *

wirr, |SONOlAnt W H MH|H 4 consonant b b * 2 unsonolant U 1 [n g |Aa *
_—: ~|sonolant U p Up |p n consonant 4 A A unsonolant M X | U X |[X 7

* - no character
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Connection matrix table

Number of entries of the table : 6,941

((( (("verb” “masculine a” “free form™)))

(((“verb” “masculine a” “verb to verb affix”)))) 300)
((( (("verb” “masculine a” “free form”)))

(((“verb without stem conjugation” “masculine a” “verb to verb affix”)))) 300)
((( (("verb” “masculine a” “free form”)))

(((“noun” “masculine a” “verb to noun affix”)))) 300)

A sample of connection table data



Dictionaries

-base form (entry)
-grammar categories (i.e. part-of-speech, from top to 5th level)

-conjugation type (only for verb and noun)
- Japanese translation (semantic information field)
-morpheme cost for the morphological analysis

dictionary items

Content word dictionary™ : 9,467 entries
Function word dictionary : 1,635 entries

* Shimizu, Mikio: Electronic Japanese Mongolian word index (dictionary), 2001.
http://mk-smz.hp.infoseek.co.jp//OnEJMD.shtml




Sample of content word dictionary entry

¥« L]

(“pos” (“noun” “feminine 3 ” “free form”

“sonolant consonant final™))

((“entry” (v3 3 r 1000))

(“conjugation type” “sonolant consonanta ")
(“semantic information” { X /FR—JLRY))

("pos” (“verb without stem conjugation™ “feminine 3 ”
“free form” “unsonolant consonant final” “unsonolant c 7))
((“entry” (vwc 1000))

(“semantic information” {£FENS/ELSH/BYILD/IFEET D}))

FE 11



Sample of function word dictionary entry

(“pos” (“noun ending” “feminine 8 ”))
((“entry” (v n r 100))
(“semantic information” {{ E @ ZLx1&)/[ZE]))

(“pos” (“verb ending” “masculine 0 7))
((“entry” (0 x 100))
(“semantic information” {2 ENGARZ_ EARHAEERFK)/[]}) )

O ;



Structural transfer

* minor word order change

number of rules : 7

example
verb+past_tense+negation

= verb+negation+past tense
M3O+C3H+rvH

= HAH(M 3 o)+HELN(rvin)+=(c 3 H)

12



| exical transfer

« Compound word translation
8 rules
example
verb+X+3 x n 3 X

= verb+ TRE)+HELHBH(3 x 1 3 X)

» Zero elements complement
14 rules
example
noun+zero_case_marker
= noun+{{I&BNEAD /[ Y/ [D Y[ EVIAYY/
& URVE)VOZ)IT))

13



Japanese generation

translation selection

statistical method

simple translation model
dependency type language model
(10 years Japanese newspaper)

conjugation form selection
expansion and selection

14



Experimental results

<Input>
aXbHXaa UPCHWUUIN MI3IOCIHTIVH

<Output of the morphological analysis phase>
morpheme form|base form|POS|c-type|c-form|Japanese translation|cost|total cost

ax|ax|BEATE Bta Hir FHIEFFEFH x FB5F||1000]1500
bl H|bl H|BEFEE B a|||{((EEELE_E®K)/[D]}100]1700
X aalx aal&FERE B a||{(EAFBIRFAAEREIL__EBH%)/E57[D]1}100]1900
_|]Z=A]||__|1000|3000
Mplvpl|BiE Xt s Bi XIEFEEHIEETFE o | EAR|{kS/RZ5}1000]4500
C H|cC|%& X 2 BhEE—BAE N R FEESFIRN o v |iERR|

[{#ERc a W=D )FEE£D)1=2&)/[122£]}50015100
Mnr|nnr|BFAEER ZiE o ||{((ERIEEIE_xt#&)/[%]}/100|5300
|_|Z=@]||__|1000]6400
M3 Aa|M3 4B xitEs Bi ERIBFEEHFFRESFE 0 |EARF|

(R B/515[TULV /40 5/425)1000[7900
C 3 H|c o H|BEFERE &% o ||{(FENETR__EAR@EE)/[1-1/[12]1}]100/8100
rvi|rvil | BVEEERE & o ||[{(KREBEE R B A /(%501 ]}100]8300

(REELTE
:::g_!; 1
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<Output of the transfer phase>
S|
L
IM|x a a|x a a|&FER Bt a|||[(EAFBIRAEKREIL__EH)/B52[0]}100]/1900]/M]|
|/P]
P ) ) )
IM|a x|a x |BERFE Bt a B3I FHIETEES x 55| 51000[1500(/M|
IM|bl H | bl H|RERZERE Bt a|||{((EEEE__EH)/[D]}100[1700|/M|
|/P]
P ) )
IM[ 1 p| v p|BHEA kit > B3 HIEFHEH|£ET S p |EAM|(ES/5 2 5}1000[4500]/M|
IM|c H|cC|®E &t o Bhie — R &ER BRI FEER|IIEN o 1 |ERA1|
{({(#ERc a W3R )I[EZ2D)/[1=2&)/[1=2£]13500(5100|/M|
M i r|vnnr |BEER &M ||{({EBREEIE_ x4&)/[Z]}|100|5300|/M|
|/P]
L ) )
IM|M 3 o|m 3 40|85 Xt s B EREFEEF|FEHREFE 0| EXRF|
(BEC 21515 TLN3)/405/425)1000[7900]/M|
IM|rvi|rvin|BiEERE & o |||[{KEEEER,_ EARETE)/[720V]}100]|8300|/M]
IM|c 3 H|Cc 3 H|BIFAEER &% o |||[KEBIEAR_EARAE)/[1=1/[72]1}100|8100|/M|
|/P]
IS]

@ 16



<Output of the translation selection phase>

S|

Pl O] 3] B )

IM|x a a|x a a|&&:ERE Bifal||BEX (D) EAFEIFFAEREIL__ B |/M|

|/P|

PI1]3) _ o

IM|a x|a x|BFAFE B4 a B IFHRISFHEEE x FBEY||52||/M]

IM|bl H|bl H|ZEAFERE Bt al||[DIKEEEETIE_ B |/IM|

|/P|

IP[ 2] 3] ) ]

M1 p|v p|BhEE Xtk o BiL HISFHEF|IHRBFE p | EARB|EKS||/M|

IM|c H|c|®&& & o BEhaa —BRAER BN FEEHIRBN o 1 [EAB[-30]GER c a H)|/M|
MM & r|vir|BEER T8 ||[Z](EEEEIE_ R &) |/M|

/P

IP[ 3]-1] O] ] )

IM|M 3 o|m 3 o|8hFE &% s BiL EHIBFEEFIFEREFE 0 | EAXE|FAH[TLS]||/M|
IM|rvin|rvi |BIEEEER =ik o |||[[BW ] K BIEITZ_ EAEETED|/M|

IM|c 3 H|Cc 3 H|BIEAEERE %Lt o |||[7=)K e fts sEREZE) /M

|/P|

IS]

<Output of the generation phase>
BRDRDEELDZEM>TLNEMNDT=

<Correct translation>

BRDRMNEEIEEZMLEMN DT



Conclusion

Present the structure of the translation system

from Mongolian to Japanese
which is based on Japanese morphological analyzer ChaSen.

Some translation results are also presented.

18
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Future plan

- Construction of a large scale dictionary
- Using MJ bilingual corpus to brush up the system

- Extension the method to other languages

19



Distribution of languages in the two dimensional word order space
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Languages that have similar word order
with Japanese
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Thank you for your attention
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