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TABLE 1. Some SL Constraints considered in the English—Thai MT system

SL Constraints Descriptions Examples

Plurality noun_(e)s — noun + plural The books . .. — The book + plural
Continuous tense Vtobe + Ving — V + ing | am swimming. — [ + ing 4+ swim
Passive voice be + V3 — passive + V He was arrested. — He passive + arrest
Negative do + not — not He does not eat — He not eat
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Example 1:

SL: Algebraic symbols are used when you do not know what you are talking about.

SL Cons- output: Algebraic plural symbol passive use when you not know what you ing
talk about.

FIGURE 2. SL constraints applications examples.
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Example 2: An old woman lived in the cottage, with a fat black cat and a plump brown
hen.
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TABLE 2.  ALMT Steps Applied to the Sentence of Example 2.
Constraint Word Selected
Application Treatment Word Word Word
English Output Output in Thai Addition Ordering
An An ik (ny'n) 7ila (ny'n) g (phaujin)
@t (khon) A (ke'e)
old old W (ke e), W (kaw) b (ke g)., A (khon)
woman  woman g% (phauji'n) gwils (phtuji'n) Wil (ny'n)
sy  licdap
lived live ael (ju'u), el (ju'u) el (ju'u)
i (miichiiwid),
AT
(damromchiiwid)
in in Tu (naj), Tu (naj) u (naj)
Wsn(khawmaa),
Wnlu(khawpaj),
aed(jaan)
the the e (nan) e (nan) NTEVaH
(krathd™m)
viad (lam) w849 (lam)
cottage  cottage nasviad (krathd m) nIeviad (krathd m) eny (nan)
with with U (kab), snel (daaj), i (kab) i (kab)
39 (sy'm)
a a Wil (ny'n) wila (ny'n) b (meew)
#a(tua) @m
(si"idam)
fat fat #9% (70an), #9% (70an) #794 (70an)
126 (kha“jman)
black black ory (dam), @n (siidam)  @n (si'idam) 57 (tua)
cat cat LR (meew), L7 (meew) ‘ﬂiid (ny'mn)
grthinbl
(phtiujimmajdii)
and and way (le') way (le’) waz (le)
a a Wil (ny'n) Wia (ny'n) i (kaj)
M7 (tua) 'ﬁﬁlrfmﬁ
(s1 mamtaan})
plumb plumb 271 (7uab) 27U (7uab) 27U (7uab)
brown brown #h #h m7 (tua)
sa(si inamtaan), FNa(si inamtaan)
in3es(kriam),
@ (khlam)
hen hen 1 (kaj) 1 (kaj) s (ny'n)
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FIGURE 4. The lexical entry for hide.
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Example 3: The ugly duckling hides his head under his wing.

SL: The ugly ducklmg hides his head under his wing.

TC: gnidla 3 Funs 672 i dou 9 voawn 1 Tn vosin

(ldugped-duckling) (khiirée-ugly) (tua-clas) (ndn-the) (sa"an-hide) (hu a-head)
(kha”"ankhaw-his) (taaj-under) (piig-wing) (kha“ankhaw-his)

STRING:

0 the 1 ugly 2 duckling 3 hides 4 his 5 head
6 under 7 his 8 wing 9

CATEGORY:

phrase
QSTORE ne_set_guant

NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [4]
SURFACE ugly

SYNSEM synsem
LOC loc
CAT cat
COMPS e_list
HEAD verb
AGR agr
GENN gend
NUM num
PER per
AUX minus
INV minus
LANG eng
MOD none
NEG boolean
PRD boolean
VFORM fin
MARKING unmarked
SPR list_synsem
SUBJ e_list
CONT psoa
NUCLEUS hide2
WORDASSO 2-10-1
HIDI [1]
HID_PLACE (3]
HIDERI [4]
SURFACE hide
QUANTS e_list
CONX conx

STRING:

0 gnide 1 Fiws 2 2 3 4 Jeus
6 12911 7 15 8 ¥n 9 189191 10
CATEGORY:

phrase
QSTORE ne_set_quant

NUCLEUS beauty

WORDASSO 13-8-4
INSTANCE [4]
SURFACE 3¢

SYNSEM synsem
LOC loc
CAT cat
COMPS e_list
HEAD verb
AGR agr
GENN gend
NUM num
PER per
AUX minus
INV minus
LANG thai
MOD none
NEG boolean
PRD boolean
VFORM bse
MARKING unmarked
SPR ne_lisi_synsem
HD synsem
LOC loc
CAT cat
COMPS list_synsem

MARKING comp
SPR list_synsem
SUBI list_synsem

SUBI e_list

CONT psoa
NUCLEUS hide2
WORDASSO 2-10-1
HIDI [1]
HID_PLACE |3]
HIDER1 [4]
SURFACE 18w
QUANTS e_list
CONX conx

FIGURE 5. The syntax of Example 3 and that of its translation.
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STRING:
CATEGORY:

phrase
QSTORE ne_set_guant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess
WOROASSO wordasso
POSSESSED [1] ref
IGENN gend
INUM sg
IPER per
POSSESSOR [0]
SURFACE surface
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart
WORDASSO 1-4-1-1-1
INSTANCE [1]
SURFACE head
AGR agr
GENN gend
NUM num
PER per
LANG lang
QUANTS ¢_list
ELTS e_set
ELTS ne_set_guant
ELT quant
DET the
RESTIND nom_ohj
INDEX [2] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess
WOROASSO wordasso
POSSESSED [3] ref
IGENN gend
INUM sg
IPER per

0 the 1 vgly 2 duckling 3 hides 4 his 5 head 6 under 7 his 8 wing 9

POSSESSOR [2]
SURFACE surface
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart
WORDASSO 1-4-1-1-3-1
INSTANCE [3]
SURFACE wing
QUANTS e_list
ELTS e_set
ELTS ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [4] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [4]
SURFACE ugly
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO 1-1-1-2-1-2-1
INSTANCE [4]
SURFACE duckling
QUANTS ¢_list
ELTS e_set
ELTS e_set

CONT psoa

NUCLEUS hide2
WORDASSO 2-10-1
HIDI1 [1]
HID_PLACE[3]
HIDERI [4]
SURFACE hide

QUANTS e_list

CONX conx
BACKGR e_set

FIGURE 6. The semantic information of the SL parse in Example 3.
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STRING:

CATEGORY:

phrase
QSTORE ne_set_guant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess
WORDASSO wordasso
POSSESSED [1] ref
IGENN gend
INUM sg
IPER per
POSSESSOR 0]
SURFACE surface
QUANTS ¢_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS badypart
WORDASSO 1-4-1-1-1
INSTANCE [1]
SURFACE 17

QUANTS ¢_list
ELTS e_set
ELTS ne_set_guant
ELT guant
DET the
RESTIND nom_obj
INDEX [2] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess

POSSESSED [3] ref
IGENN gend
INUM sg
IPER per

POSSESSOR [2]

SURFACE surface

WORDASSO wordasso

ognilm 13ms 2 67 314 au 597 6 191977 18 Tnoeenan 10

QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart
WORDASSO 1-4-1-1-3-1
INSTANCE [3]
SURFACE 1ln
QUANTS e_list
ELTS ¢_set
ELTS ne_set_guant
ELT quant
DET the
RESTIND nom_obj
INDEX [4] ref
IGENN gend
INUM sg
IPER per
MODE retf
RESTR ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASS0O 13-8-4
INSTANCE,[4]
SURFACE s
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO 1-1-1-2-1-2-1

INSTANCE [4]
SURFACE gniilm
QUANTS e_list
ELTS e_set
ELTS e_set
CONT psoa

NUCLEUS hide2
WORDASSO 2-10-1
HIDI [1]
HID_PLACE [3]
HIDERT [4]
SURFACE g1

QUANTS e_list

CONX conx
BACKGR e_set

FIGURE 7. The semantic information of the TC parse in Example 3.

12

12



13

Example 4:

SL: John covers his head with his coat.

TC: aatiu agu v 189111 Fow Léﬂﬂ‘{‘ju AR
(caan-John) (khlum-cover) (hu”a-head) (kha“ankhaw-his) (diiaj-with)
(sy"akhlum-coat)( kha“ankhaw-his)

STRING: STRING: .

0 john 1 covers 2 his 3 head 4 with 5 his 6 coat 7 0 asfu | mau 2 %1 3 9aun 4 foe S @enan 6 9aaa 7
CATEGORY: CATEGORY:

phrase

phrase

QSTORE ne_set_quant QSTORE ne_set_quant

CONT psoa
NUCLEUS cover2
WORDASSO 2-1-19
COVERED [1]
COVERED_PLACE 3]
COVERER] [4] ref

CONT psoa
NUCLEUS cover2
WORDASSO 2-1-19-2
COVERED [1]
COVERED_PLACE [3]

:ggfﬂgmw COVERER]1 [4] ref
|p|:‘fg p.cr IGENN masc
SURFACE cover INUM sg
QUANTS e_list IPER per
CONX conx SURFACE ngu
QUANTS e_list

CONX conx

FIGURE 8. The CONT value of the SL parse and that of the TC of Example 4.

TABLE 3. Class of cover.

WordAsso and Class description Word
2-1-19 Cover as to place something on or over to protect or hide cover
2-1-19-1 Cover as to cover eyes, ears e (pid)
2-1-19-2 Envelop @FRH (khlum)

4. g v (Repair And Iteration 150 RI)
Y A o aazl dydzﬂ 1 1w o o
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o & o 09/’ ° YY)
TCE (1n311l1) 18991011 TCE 9231m151)S suieunnumuneueInuaununs
(Y @ A V& o 1Y A 9
ulamudsannuegrio lu &1 R azihimsasaaevnndumumsutanii lden
Y 1 v v
Juaou TCE oglugiliuanaenusvdumumsulaniuinldase dwald RIawnsodla
1A Aa A ] @ Y v A a k4 Y A
Nimsulandanaranieli vasnud lvludrunuladanaianda RI szasraaoudoyai
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WUNAANT IUFIUVITUABUMIIAMIA UL BIAY (Word Treatment) 1o 1L1FAI1NS
Y 1
udanmwiildgndes 9miiuiinmsiGesdraud (Word Ordering) Tnaitioda Tnseardiaudais
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Aupdmumsulans i nuvuaey TCE MoANTIZHANUKLIDNN
TunsainarluaIu CONT 1150 QSTORE 1A Mty A1ves SURFACE uag

WORDASSO zgnaeii RI Yoyaludinuues SURFACE szuaasliiiudadiiiinliinans
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Aa oaj o A o 9 ] = o A
uiannuvuenda 910U R aiimsaena 1% SURFACE lvid Tag@enainmininiaay

WordAsso Miounulyu WORDASSO

Example 5:

SL: The big ugly duckling likes Joan.
TC: gnifla 3w T o 1w widow Tauew

(liugpéd-duckling) (khiilee-ugly) (too-big) (tua-clas) (nin-the) (my~an-like)
(joo?en-Joan)

0 the | big 2 ugly 3 duckling 4 likes 5 joan 6 ognidn 1 Twmd 2 Tn 3 6 41500 5 wilew 6 Tauau
phrase phrase
CONT psoa CONT psoa
NUCLEUS likel NUCLEUS sem_like
WORDASSO 2-6-2-4 WORDASSO 13-18-1
LIKEE [1] ref LIKED [1] ref
IGENN fem IGENN fem
INUM sg INUM sg
IPER per IPER per
LIKER [0] LIKENER [0]
JHIRDACE ik SURFACE wilan
QUANTS e_list
QUANTS e_list

FIGURE 9. The CONT values of the SL and that of the TL parses.

Y v 4 g WY v 1 ) o
ANANINUVNAU (AIWN 9) fﬂz!ﬁuulﬂjﬁlsllﬂllacluﬁ?u CONT U83INMEIAULATAIINU

1 o [ = Y o I Y1 o a 2 d'dy4 o 1 .
msuampiannuediaruldsa 1513183181 Inuiaan SURFACE daluiiinema like
& A 1 o v = 9 v AN Y
FAUANWHNEN “¥oU” Ia0g lunuaa 2-6-2-4  RI i lilglumsrawadnsnlden
k4 k4 1
JUADUMIIANMIAULDIAU (Word Treatment) Tun15199 4 1dr13u@eni1i1 “sou” oonu

k4 9
(Fremanadndl WordAsso thilouniu) raseniudahduneumsiEesdiaud (Word
. a o d‘ yad = A Py,
Ordering) BNASY NN 11 e IdviudsteyavesnNuvielu SL wag TC AUMTLN
vy ] v 9 Y gy ' Y Y XK ' Ay v 9
ud7 szmuNdoyan 1a luuanasduudrnsaglinmsulanin lammnzaund?

TABLE 4. A Part of Word Treatment Output.

English Word Treatment Output Description

like ey (chd ), 2-6-2-4 to regard with pleasure or fondness
Wiliau (my“an), 13-18-1 in the same way as; with the same quality as
aenel (khlaaj), 13-18-2 similar to; almost but not exactly the same

14



TC: gniflm (IGugpéd-duckling) o (khiilee-ugly) n (too-big) i (tua-classifier)
114 (ndn-the) wileu (my“an-like) Tausu (joo?en-Joan)

TC with the new selection: gnifla (Iaugpéd-duckling) Fovd (khiilée-ugly) 1# (too-big) #a
(tua-classifier) ™ (ndn-the) T8u (cha”a-like) Tsueu (joo?en-Joan)

Repaired TC: gniila (ldugpéd-duckling) Fud (khiilze-ugly) & (too-big) # (tua-
classifier) ¥ (ndn-the) 90U (choa-like) Tsuou (joo?en-Joan)

FIGURE 10. The repaired TC of Example 5.

O the I big 2 ugly 3 duckling 4 likes 5 joan 6

phrase
QSTORE ne_set_guant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS size
WORDASSO 13-8-1
INSTANCE [0]
SURFACE big
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE (0]
SURFACE ugly
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO_1-1-1-2-1-2-1
INSTANCE [0]
SURFACE duckling

QUANTS e_list
ELTS e_set
ELTS e_set
CONT psoa
NUCLEUS likel

WORDASSO 2-6-2-4
LIKEE [1] ref
IGENN fem
INUM sg
IPER per
LIKER [0]
SURFACE like
QUANTS e_list
CONX conx
BACKGR ne_set_psoa
ELT psoa
NUCLEUS naming
WORDASSO wordasso
BEARER [1]
NAME joan
SURFACE surface
QUANTS ¢_list
ELTS e_set

0 gfla 1 a7 21w 3 a4 % 5 980 6 1AuaU 7

phrase
QSTORE ne_set_quant
ELT guant
DET the
RESTIND nom_ohj
INDEX [0] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS size
WORDASSO 13-8-1-1
INSTANCE [0]
SURFACEm
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE 0]
SURFACE i
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO [-1-1-2-1-2-1
INSTANCE [0]
SURFACE gniila
QUANTS e_list
ELTS e_set
ELTS e_set

CONT psoa
NUCLEUS likel
WORDASSO 2-6-2-4
LIKEE [1] ref
IGENN fem
INUM sg
IPER per
LIKER [0]
SURFACE wa1
QUANTS e_list
CONX conx
BACKGR ne_set_psoa
ELT psoa
NUCLEUS naming
WORDASSO wordasso
BEARER [1]

NAME Tauou
SURFACE surface
QUANTS e_list
ELTS e_set

FIGURE 11. The semantic information of the SL and that of the repaired TC.
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GENERATE AND REPAIR MACHINE TRANSLATION

KANLAYA NARUEDOMKUL
Department of Mathematics, Mahidol University, Bangkok, Thailand

NicK CERCONE

Computer Science Department, University of Waterloo, Waterloo, Ontario, Canada

We propose Generate and Repair Machine Translation (GRMT), a constraint-based approach to machine
translation that focuses on accurate translation output. GRMT performs the translation by generating a Translation
Candidate (TC), verifying the syntax and semantics of the TC and repairing the TC when required. GRMT comprises
three modules: Analysis Lite Machine Translation (ALMT), Translation Candidate Evaluation (TCE) and Repair
and Iterate (RI). The key features of GRMT are simplicity, modularity, extendibility, and multilinguality.

An English-Thai translation system has been implemented to illustrate the performance of GRMT. The system
has been developed and run under SWI-Prolog 3.2.8. The English and Thai grammars have been developed based
on Head-Driven Phrase Structure Grammar (HPSG) and implemented on the Attribute Logic Engine (ALE). GRMT
was tested to generate the translations for a number of sentences/phrases. Examples are provided throughout the
article to illustrate how GRMT performs the translation process.

Key words: Generate and Repair Machine Translation, machine translation, multilingual machine translation.

1. INTRODUCTION

In 1996, we proposed Generate and Repair Machine Translation (GRMT) (Naruedomkul
and Cercone 1997). GRMT is designed to increase the accuracy and efficiency of machine
translation (MT). The GRMT architecture is designed to take advantage of, and have advan-
tage over, the direct, transfer, interlingual, and nonlinguistic approaches to MT with respect to
several translation aspects: simplicity, accuracy, and multilingualism. GRMT integrates the
best features of each approach. The GRMT process is relatively simple and straightforward,
not unlike the direct method. However, GRMT is more concerned with preserving linguistic
information to produce an accurate translation result, like the transfer approach. GRMT also
treats the source language (SL) and target language (TL) separately for easy management in
multilingual MT systems, like the interlingual approach.

Unlike the transfer or interlingual approaches, GRMT generates a translation candidate
(TC) directly from the input to avoid information loss during the transfer process of the
transfer approach and to avoid difficulties in defining neutral concepts for different languages
in the interlingual approach (Cercone and Naruedomkul 1997). To ensure that the TC can
be generated quickly, simply, and efficiently, GRMT generates the TC by considering the
differences between language pairs in terms of syntax and semantics without performing any
sophisticated analysis. GRMT analyzes the TC to verify its accuracy. The TC will be repaired,
if required, according to the diagnosis which is indicated in the analysis stage. Subsequently,
the repaired TC will be analyzed to determine if it still has a sufficiently different meaning
from the SL. The analysis and repair processes iterate until the TC conveys the same meaning
as the SL. These two stages ensure the accuracy of the translation result. Based on these
notions, GRMT (Figure 1) is composed of three phases: Analysis Lite Machine Translation
(ALMT), Translation Candidate Evaluation (TCE), and Repair and Iterate (RI).

GRMT takes into account the differences between languages in a unique way, hence
a further advantage. If languages can be grouped according to various characteristics—
for example, plurality, tenses, passive voice, etc.—which they have in common, then the
translation between groups can be performed more simply by GRMT. For example, Group 1
consists of English, French, and Spanish; Group 2 consists of Chinese, Japanese, and Thai.
To perform the translation between these two groups, the transfer approach requires six SL

© 2002 Blackwell Publishing, 350 Main Street, Malden, MA 02148, USA, and 108 Cowley Road, Oxford, OX4 IJF, UK.



GENERATE AND REPAIR MACHINE TRANSLATION 255

SL
. : A TL
¥ . S
Word |,/  Word - aceept
Treatment | Selection SL Analyzer \ L not accept
‘s‘ h ot
. Semantic ™ __p Repair
A -..l_:.ump.':rl.\'r.rn - & lterate
Word L@ TC Analyzer d
ALMT Ordering | TC + TCE RI

FIGURE 1. GRMT Architecture.

analyzers, six TL generations, and 18 sets of transfer rules, whereas GRMT requires six
analyzers and two sets of constraint applications.

An English—Thai translation system has been developed based on the GRMT approach.
Our initial experiments of ALMT (Naruedomkul, Cercone, and Sirinaovakul 1999) indicate
that the translation candidates can be generated quickly with relatively high accuracy. We
have greatly expanded the dictionaries used in the earlier experiment fivefold. All neces-
sary knowledge bases required were updated. ALMT has been improved to increase the
performance of GRMT. The English—Thai translation system we developed has been used
to translate a number of sentences and phrases. These sample sentences and phrases were
collected from different sources: newspapers, textbooks, articles, fairy tales, and fortune
cookies. This article presents the design and some experiments of GRMT.

2. ANALYSIS LITE MACHINE TRANSLATION

To generate an appropriate translation candidate from the source language, ALMT per-
forms generation in three phases: word treatment, word selection, and word ordering.

Word Treatment. Two steps are performed in this phase: source language constraints
application and dictionary look-up (Naruedomkul and Cercone 1997). The SL constraints
are applied to narrow the scope of possible TL words that correspond to each SL word.
Dictionary look-up maps all corresponding words in the TL to each SL word.

SL constraints are characteristics of the SL which differ from those of the TL. Some con-
straints that are considered in the English-Thai translation system, e.g., plurality,! continuous
tense, passive voice, and negation, are illustrated in Table 1.

Since Thai word form does not have an inflection resulting from plurality or tense,
the inflections of plural noun and present participle forms in English are removed in this
step. Once the inflections are removed, the features plural and ing are added to preserve
the meaning of the original sentence. The structure of a passive voice is examined as
well; the verb inflection and auxiliary fo be are removed. The feature passive is added to
indicate the passive voice. The features plural, ing, and passive will be replaced with appro-
priate corresponding TL words in the ordering step of ALMT.

I This constraint does not apply in the case of the irregular plural forms, e.g., children, feet, men, women, and so on. The
irregular plural forms are entries in the dictionaries.
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TABLE 1. Some SL Constraints considered in the English—Thai MT system

SL Constraints Descriptions Examples

Plurality noun_(e)s — noun + plural The books ... — The book + plural
Continuous tense Vtobe 4+ V.ing — V + ing I am swimming. — I + ing + swim
Passive voice be + V3 — passive + V He was arrested. — He passive + arrest
Negative do + not — not He does not eat — He not eat

The auxiliary fo do which precedes a negative not is discarded because it is not required
in the same expression in Thai. Figure 2 illustrates the outputs of SL constraints applications
on Example 1. The inflection —s of the word symbol in Example 1 is removed and the feature
plural is added, the passive voice form are used is replaced with passive use, the auxiliary
do is discarded, and the continuous tense form is replaced with ing falk.

After the SL constraints are applied, each SL word will be used as a keyword to search
for its corresponding words in the TL. If the keyword used is found in the SL-TL dictionary,
all possible corresponding TL words will be attached to that SL word. If the keyword is not
found, inflectional analysis is performed before searching again. The inflections of each entry
are not entries in the dictionaries; therefore the size of the SL dictionary and the search times
are reduced. An output of this step is a list of all possible corresponding words of SL words
in TL with their WordAsso numbers.

Word Selection. The criterion used in the word selection process is the semantic rela-
tionship between words. The semantic relationship we developed is a link between word
association numbers (WordAsso) (Naruedomkul and Cercone 1999). WordAsso is a num-
ber assigned to each word class. WordAsso is our modification to the “A Kind Of” (AKO)
information which was designed to be used in “The research and development cooperation
project on a machine translation system for Japan and its neighboring countries” (CICC
1995), the topic hierarchy for physical objects (Schubert, Goebel, and Cercone 1979), and
Hypernym in WordNet 1.6 (Cognitive Science Laboratory 1997). We then further developed
our notion of word classification by classifying words into categories based on the char-
acteristics which they share. We were concerned with consistency as well. The improved
WordAsso results in more accurate word selections than the earlier version reported in
Naruedomkul and Cercone (1997).2 In addition, we classify words in any language un-
der the “same umbrella.” Words must be classified according to the same criteria, regardless
of language; therefore, the GRMT classification can be applied to a multilingual MT sys-
tem. The details of the word selection process can be found in Naruedomkul and Cercone
(1997).

Example 1:

SL: Algebraic symbols are used when you do not know what you are talking about.

SL Cons- output: Algebraic plural symbol passive use when you not know what you ing
talk about.

FIGURE 2. SL constraints applications examples.

21n that version, Word Association Number is refereed to as the AKO number.
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Word Ordering. There are two steps in this phase, word addition and word ordering. The
syntactic level differences between SL and TL are reconsidered at this point to complete the
TC. Some words that are necessary in the target language, not only to retain the meaning
of source language, but also to make them grammatically correct, are added into the string
before the ordering can be performed. In the case of noninflection languages, e.g., Thai,
Chinese, Japanese, etc., the past tense and the plurality are expressed by additional words.
In the case of plurality, a classifier is also required. Classifiers are used to express not only
a quantity but also to modify a noun (Sornlertlamvanich, Pantachat, and Meknavin 1994).
Each noun relates to a specific classifier; therefore, the classifier relation was designed in the
form of WordAsso to be used in selecting the appropriate classifier for each noun. Details
and examples can be found in Naruedomkul and Cercone (1999).

After all necessary words have been added, ALMT rearranges the selected words in
grammatical order according to the ordering rule without performing any analysis. The
structure of the Thai phrase is similar to that of the English phrase in that the typical sen-
tence contains subject, verb, and object, in that order. However, some structures are different,
e.g., in Thai the head (noun) must precede its attributes, possessive pronouns, and deter-
miners. The negative of can, could, and must is formed in the reverse order of the order in
English.

Table 2 presents the results of applying ALMT to Example 2. The SL of Example 2
is shown in the first column. None of constraints are applied in Example 2 as illustrated
in the second column. Each word in the second column is used as a keyword to search
for the corresponding words in Thai. All possible meanings of each SL word are shown
in the third column. Some of them have more than one meaning, e.g., old, in, live, with,
and so on. The appropriate meaning of old and in can be selected by considering the
semantic relationship between words and the choice for each of these is shown in the
fourth column. However, appropriate words for live and with cannot be selected in
the same manner because there is no explicit relationship between these words and words
in their proximity (according to the WordAsso relationship template). Therefore, the
first meaning appearing in the list of meanings for each word is selected. All selected

words are shown in the fourth column. The word 14 (déj), the fifth column, is added to
clarify the past tense (lived). The classifiers au (khon), nas (laun), and &2 (tua) are also
added according to Thai grammar. The indefinite determiners ¢ and an in this expression
correspond to the word #ils (ny'n) in Thai indicate the need for classifiers for the words
g (phlujiun-woman), una (meew-cat) and In (kdj-hen), respectively. The word gvis
(phGiujiun-woman) belongs to the class Female (1-1-1-1-1-2), a subclass of Human (1-1-1-1).
A noun that belongs to the class 1-1-1-1 is compatible with a classifier with the WordAsso

Example 2: An old woman lived in the cottage, with a fat black cat and a plump brown
hen.

TC: LI‘VmN bl @%Wud \ILm aﬂ GL‘LL NILVON KA uu afTENp) 'ZWT] 4% 612 ‘VhN GH4 10 mnma 27U 77 ‘VNGS
CT: “Wmd b AU \1@ a“ 1% NILVRN KAI Wb AU LN FN 6% 512 WS LLavaﬂ AeNa DI 61 NS

(phtiuji“n*-woman) (ke e-old) (khon-clas) (ny'n-an) (daj-past) (ju u-live) (naj-in) (krathdm
-cottage) (la"n-clas) (nan-the) (kab-with) (meew-cat) (si‘idam-black) (?Gan-fat) (tua-clas)
(ny'n-a) (le"-and) (kaj-hen) (si‘inamtaan-brown) (?uab-plump) (tua-clas) (ny n-a)

3Thai language is written in a string of words with no explicit boundary marker;therefore, the different segmentations
result in the different meanings or no meaning. In this article, awhite space is used to specify the word boundary to make it
clear to the reader.

“4Phonetic transcription of Thai provided in Thai—EnglishStudent’s Dictionary compiled by Mary R. Haas (Hass 1964).
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TABLE 2.  ALMT Steps Applied to the Sentence of Example 2.

Constraint Word Selected
Application Treatment Word Word Word
English Output Output in Thai Addition Ordering
An An ile (ny'n) Wil (ny'n) g9 (phlujim)
o (khon) uwn (ke'¢)
old old wi (ke'e), v (kaw) wi (ke'e), a1 (khon)
woman  woman g9 (phlujim) gl (phujim) nils (ny'n)
biaap i (daj
lived live ag (ju'u), 2y ju'u) 2y (ju'u)
%36 (miichiiwid),
MR
(damronchiiwid)
in in Tu (naj), Tus (naj) Tu (naj)
s (khawmaa),
v li(khawpaj),
aeng(jaan)
the the i (nan) fu (nan) nIzviad
(krathd"m)
a9 (lam) nd9 (lamn)
cottage  cottage nsevind (krathd”m) nseviodl (kratho™m) SN (nan)
with with Ay (kab), she (dhaj), iy (kab) iU (kab)
Al (sy'm)
a a ile (ny'n) Wil (ny'n) D (meew)
si7(tua) am
(si"idam)
fat fat £71 (?20an), 471 (?Gan) 471 (?0an)
oo (kha’jman)
black black m (dam), &n (si'idam) @ (si"idam) 517 (tua)
cat cat U7 (meew), W2 (meew) il (ny'n)
fottandT
(phtuji mmajdii)
and and way (le') wae (1) wae (1)
a a i (ny'n) ik (ny'n) i (kaj)
§17 (tua) #hena
(si“inamtaan)
plumb  plumb 27U (?uab) 27u (?uab) 27u (?uab)
brown  brown i i 573 (tua)
¢na(si‘inamtaan), ¢a(si"inamtaan)
in3es(kriam),
A (khlam)

hen hen 1 (kaj) 1 (kaj) wils (ny'n)
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cIf_rel(‘1-1-1-1",[[wasso(‘ A1’ ,[2-4-2-1-1-1)]]).
cIf_rel(‘1-1-1-2",[[wasso(‘#’,[ 2-4-2-1-1-2"])]]).
clf_rel(*1-1-2-1-6-17,[[wasso(* uie’,[2-4-2-1-2-2"]]).
clf_rel(2-4-3-1-2",[[wasso(* 54’ ,[©2-4-2-3"])]]).
cIf_rel(1-1-2-1-1-2-2",[[wasso(‘vds’ [ 2-4-2-1-2-10°])]]).

FIGURE 3. Examples of classifier relations.

number 2-4-2-1-1-1 based on the classifier relation illustrated in Figure 3. Therefore, the
classifier au (khon) with 2-4-2-1-1-1 is selected for the word {vdjs (phliujiun-woman). The
words wan (mesw-cat) and i (kdj-hen) belong, respectively, to the classes mammal (1-1-1-2-
1-1) and fowl (1-1-1-2-1-2-2). Both are subclasses of animal (1-1-1-2). Because a noun with
WordAsso number 1-1-1-2 relates to a classifier with 2-4-2-1-1-2 according to the classifier
relation shown in Figure 3, the classifier s (tua) with 2-4-2-1-1-2 is selected for the words
w2 (mesw-cat) and I (kaj-hen).

The definite determiner the corresponds to the word e (nan) in Thai and indicates the
need for classifiers for the word nswvien (krathd"m-cottage). The word nseviaa (krathd m-
cottage) belongs to the class Housing (1-1-2-1-1-2-2) which is compatible with a classifier
with the WordAsso number 2-4-2-1-2-10 based on the classifier relation illustrated in Figure 3.
Therefore, the classifier nas (1a"n) with the WordAsso 2-4-2-1-2-10 is selected for the word
nazviadl (krathd“m-cottage).

The selected words in each noun phrase, an old woman, the cottage, a fat black cat,
and a plump brown hen are rearranged into Thai grammatical order as illustrated in the last
column of Figure 3. The generated TC for Example 2 is exactly the same as the Correct
Translation (CT).

3. TRANSLATION CANDIDATE EVALUATION

The second phase of GRMT, TCE, analyzes the generated translation candidate to de-
termine whether the TC retains the meaning of the source language. TCE analyzes both the
SL and the TC in parallel, then compares the parses semantically alone, because there are
syntactic level differences between languages. If the semantic results are the same, the TC
will be deemed an appropriate translation. If the semantic results are different, the TC will
be repaired in the third phase, Repair and Iterate. TCE comprises two modules: the analyzer
and semantic comparison.

The Analyzer. The analysis module analyzes the TC to examine its syntax and semantics:
whether the TC is grammatically correct according to the TL grammar and whether the TC
retains the meaning of the SL. Therefore, two steps are performed by the analyzer, Parsing
and Semantic Extraction.

Parsing is applied to both the SL and the TC. In our implementation, we have developed
grammars for English and Thai based on Head-Driven Phrase Structure Grammar (HPSG)
(Pollard and Sag 1994). Our grammar is a modification of the grammars that were provided by
Gerald Penn (Penn 1994) and Colin Matheson (Matheson 1996). The grammars we developed
have been implemented using the Attribute Logic Engine (ALE) version 3.2 Beta. ALE is an
integrated phrase structure parsing and definite clause logic programming system in which the



260 COMPUTATIONAL INTELLIGENCE

word

PHON hide

SYNSEM LOC | CAT | HEAD | verb
VFORM base
AUX minus

SUBJ {1] NP[nom] »
COMPS  {2] NP[acc],[3] »

CONT | NUCLEUS | hide 0
HIDER
HID

HID_PLACE
SURFACE hide
WORDASSO ~ 2-10-1 |

NONLOC { }

FIGURE 4. The lexical entry for hide.

terms are typed as feature Structures (Carpenter and Penn 1999). Key advantages of HPSG
are the rich information lexicon, small number of grammar rules, and the structure sharing.
HPSG views the grammatical categories as complexes with internal structure which allow
us to say that the two categories are the same in certain aspects, while remaining different in
others. Therefore, HPSG gives each word a category built up from a set of features called
the Feature Structure. Feature Structure is a description of an object; it specifies some or all
of the information that is asserted to be true of the object. The features CATEGORY (CAT) and
CONTENT (CONT) represent the syntactic and semantic information of an object, respectively.
Figure 4 represents a partial description of the lexical entry Aide in an attribute-value matrix
(AVM) diagram.’ This representation indicates that Zide is a word.® Its syntactic category
is a verb in uninflected form (verb, VFORM:base). It is not an auxiliary verb (AUX:minus).
A subject of hide is a (nominal) noun phrase’ (SUBI:NP[,om)) and this subject must unify
with the CONT value of Aide, HIDER (indicated by index). The first complement of Aide is
an accusative noun (COMPS:NP[4¢}) and it must unify with the CONT value of Aide, HID. The
second complement must unify with the CONT value of hide, HID_PLACE. Figure 5 illustrates
the parse of the SL in Example 3 and the parse of its TC. The TC is generated by ALMT.
The parses are in ALE representation. Both SL and TC are licensed by our grammars. Their
syntax are shown in the dotted box. Further details on grammar rules applications can be
found in Naruedomkul (2000).

Semantic Extraction extracts the semantic information of the SL and the TC from their
parses so that we can cross-examine the meaning of the TC with that of the SL. The semantic

5 AVM is the standard method of representing grammatical information in modern computation grammar theories.

Utterances in HPSG are modeled in terms of feature structures of type sign, with its two immediate subtypes word and
phrase (Ginzburg and Sag 1998).

7For English, nouns are classified into nominative (nom) and accusative (acc).
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Example 3: The ugly duckling hides his head under his wing.

SL: The ugly duckling hides his head under his wing.
TC: gnidla T 6in 154 dou s aaaan 18 T aeaan

(ldugped-duckling) (khiiree-ugly) (tua-clas) (nan-the) (sa"an-hide) (hu~a-head)
(kha”ankhaw-his) (taaj-under) (piig-wing) (kha“ankhaw-his)

STRING: STRING: .
0 the 1 ugly 2 duckling 3 hides 4 his 5 head 0 gnudlln 1 3wd 2/ 3 a4 dow 5 110
6 under 7 his 8 wing 9 6 903111 7 1# 8 Tn 9 999191 10
CATEGORY: CATEGORY:
phrase phrase
QSTORE ne_set_quant QSTORE ne_set_quant
NUCLEUS beauty NUCLEUS beauty
WORDASSO 13-8-4 WORDASSO 13-8-4
INSTANCE [4] INSTANCEW[4]
SURFACE ugly SURFACE 3w$
SYNSEM synsem SYN]?(E)%A 1hynsem
oc
LOCCAI'([)‘Ccat CAT cat
) COMPS e_list
COMPS e_list HEAD verb
HEAD verb AGR agr
AGR agr GENN gend
GENN gend NUM num
NUM num PER per
PER per AUX minus
AUX minus INV minus
INV minus LANG thai
LANG eng MOD none
MOD none NEG boolean
NEG boolean PRD boolean
PRD boolean VFORM bse
VFORM fin MARKING unmarked
MARKING unmarked SPR ne_list_synsem
SPR list_synsem HDs
| synsem
SUBJ e_list LOC loc
CONUELEUS Hige2 o
ide’ i
WORDASSO 2.10.1 COMPS list_synsem
HID1 [1] MARKING comp
HID_PLACE [3] SPR list_synsem
HIDER1 [4] SUB]J list_synsem
SURFACE hide -
QUANTS e_list SUBIJ e_list
CONX conx CONT psoa
NUCLEUS hide2
WORDASSO 2-10-1
HIDI1 [1]
HID_PLACE [3]
HIDERI [4]
SURFACE dau
QUANTS e_list
CONX conx

FIGURE 5.

The syntax of Example 3 and that of its translation.

261
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representation of an expression in GRMT is generally based on the representation pro-
vided by Pollard and Sag (1994) and Sag and Wasow (1999). The features CONT, CONX and
QSTORE hold the semantics of the object. The semantic representation described in CONT
value of hide (Figure 4) corresponds to the situation in which@ (the hider) hides2 (the
hid) in (or under, from, etc.)B] (the hid_place). The features SURFACE and WORDASSO in-
dicate the word form and WordAsso number of the lexical entry. The features SURFACE
and WORDASSO are used in the Repair and Iterate phase. The feature QSTORE is a stor-
age for the quantifiers. The feature CONX contains linguistic information that bears on
certain context-dependent aspects of semantic interpretation. Examples of QSTORE and
CONX values can be found in Figure 11. Further details can be found in Pollard and Sag
(1994).

Semantic Comparison. In comparing the semantics between the SL and its TC, the values
of the features CONT, QSTORE, and CONX are considered. If the values of these features of the
parsed SL are the same as those of the parsed TC, TCE concludes that the TC does not require
repair. If any of these features are different, TCE will provide the information of the parsed SL
which differs from that of the TC parse. This information will be used in the next phase, Repair
and Iterate. The comparison process begins by investigating the CONT value of both SL and
TC parses. Figures 6 and 7 illustrate the simplification representation of semantic information
of the SL and that of the TC in Example 3. The CONT values of both parses represent the
same kind of relation involved, Aide2, and the same types of persons or things who/which
are participating in this relation, HIDER, HID, and HID_PLACE. Once the CONT values of the
SL parse and that of the TL parse are recognized as the same, TCE then cross-examines the
QSTORE and the CONX values of the SL parse with those of the TC parse to determine whether
each variable (indices) in the CONT value is associated to the same object. The index[D in the
CONT value of both SL and TC parses is associated with a bodypart in the class of 1-4-1-1-1 (in
the QSTORE value), it is singular and referred to as sead in the SL and as %1 (hu”a) in the TL.
w2 (hu”a) is the translation of the word sead in Thai. The index2] corresponds to a bodypart
in the class of 1-4-1-1-3-1, it is singular and referred to as wing in the SL and Tn (piig) in the
TL. Again, In (piig) is a translation of wing in Thai. The last indexB] is associated with an
animal in the class of 1-1-1-2-1-2-1 which is singular and referred to as duckling in the SL
and gnidla (1Gugped) in the TL. gnifla (IGugped) is the translation of the word duckling in Thai.
The CONX feature in this example contains no value. According to the comparison process,
TCE found no difference between the CONT, QSTORE, and CONX of the SL parse and those
of the TC parse. Therefore, the TC is deemed as an appropriate translation for the SL in the
Example 3.

The CONT values of the SL parse and the TC parse in Example 4 (Figure 8) represent
the same relation involved, cover2, and the same types of persons or things who/which are
participating in this relation, COVERED, COVERED_PLACE and COVERER1. The SURFACE value
in the CONT of the SL parse is cover and that of the TC is agqai (khlum). The value of the feature
SURFACE is a word form. aaa: (khlum) is a translation of cover. However, their WORDASSO
values are different, cover belongs to the class of 2-1-19 whereas angqu (khlum) belongs to the
class of 2-1-19-2 as illustrated in Table 3. Even though cover and its translation aaqa (khlum)
carry the same meaning, they are different in the language usage. Differences in languages
and cultures result in different circumstances of language usage. The word cover in John
covers his ears with his hands corresponds to Ua (pid) in Thai. Therefore, when verifying the
meaning of cover, the word and its translation are considered no different if they belong to
the same superclass.
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STRING:
CATEGORY:

phrase
QSTORE ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess
WOROASSO wordasso
POSSESSED [1] ref
IGENN gend
INUM sg
IPER per
POSSESSOR [0]
SURFACE surface
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart
WORDASSO 1-4-1-1-1
INSTANCE [1]
SURFACE head
AGR agr
GENN gend
NUM num
PER per
LANG lang
QUANTS e_list
ELTS e_set
ELTS ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [2] ref
IGENN gend
INUM num
IPER per
MODE mode
RESTR ne_set_psoa
ELT psoa
NUCLEUS possess
WOROASSO wordasso
POSSESSED [3] ref
IGENN gend
INUM sg
IPER per

0 the 1 ugly 2 duckling 3 hides 4 his 5 head 6 under 7 his 8 wing 9

POSSESSOR [2]
SURFACE surface
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart
WORDASSO 1-4-1-1-3-1
INSTANCE [3]
SURFACE wing
QUANTS e_list
ELTS e_set
ELTS ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [4] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [4]
SURFACE ugly
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO 1-1-1-2-1-2-1
INSTANCE [4]
SURFACE duckling
QUANTS e_list
ELTS e_set
ELTS e_set

CONT psoa

NUCLEUS hide2
WORDASSO 2-10-1
HID1 [1]
HID_PLACE [3]
HIDER1 [4]
SURFACE hide

QUANTS e_list

CONX conx
BACKGR e_set

FIGURE 6. The semantic information of the SL parse in Example 3.

4. REPAIR AND ITERATION

263

The idea of the RI phase is to perform the repair process if it is required and then return
the repaired translation candidate to the TCE phase. TCE reanalyzes the repaired TC to
determine if a different meaning from the source language remains.
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STRING:

CATEGORY:

phrase
QSTORE ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref

NUCLEUS bodypart
WORDASSO 1-4-1-1-1

0 qnitln 1 35 2 A9 3 w4 Fou 593 6 10w 7 168 Tn 9 2esan 10

QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS bodypart

}EEII:I/IN gend WORDASSO 1-4-1-1-3-1
N num INSTANCE [3]
MO pzr SURFACE In
mode QUANTS e_list
RESTR ne_set_psoa ELTS e_set
ELT psoa ELTS ne_set_quant -
NUCLEUS possess ELT quant
WORDASSO wordasso DET the
POSSESSED [1] ref RESTIND nom_obj
[GENNﬂ gend INDEX [4] ref
INUM sg IGENN gend
IPER per INUM sg
POSSESSOR [0] IPER per
SURFACE surface MODE reff
QUANTS e_list RESTR ne_set_psoa
ELTS ne_set_psoa ELT psoa
ELT psoa

NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [4]

INSTANCE [1] SURFACE #iws
SURFACE %1 QUANTS e_list
QUANTS e_list ELTS ne_set_psoa
ELTS e_set ELT psoa
ELTS ne_set_quant NUCLEUS animal
ELT quant WORDASSO 1-1-1-2-1-2-1
DET the INSTANCE [4]
RESTIND nom_obj SURFACE gniila
INDEX [2] ref QUANTS e_list
IGENN gend ELTS e_set
INUM num ELTS e_set
IPER per .-
MODE mode CONT psoa
RESTR ne_set_psoa NUCLEUS hide2
ELT psoa WORDASSO 2-10-1
NUCLEUS possess HID1 [1]
WORDASSO wordasso HID_PLACE [3]
POSSESSED [3] ref HIDERI [4]
IGENN gend SURFACE a1
INUM sg QUANTS e_list
IPER per CONX conx
POSSESSOR [2] BACKGR e_set
SURFACE surface

FIGURE 7. The semantic information of the TC parse in Example 3.

RI examines the result of TCE. The TCE output is the TC with the semantic information
of the SL which differs from that of the TC. With this information, RI is able to detect the
part of the TC which causes the mistranslation. The mistranslated part will be replaced with
amore appropriate translation. RI searches the Word Treatment output for a more appropriate
translation based on the information provided by TCE. The TC with the new selection is then



GENERATE AND REPAIR MACHINE TRANSLATION 265
Example 4:

SL: John covers his head with his coat.

TC: A AgH W 18321 Fael Lﬁ@mﬂu ABILAN
(caon-John) (khlum-cover) (hu“a-head) (kha“ankhaw-his) (dfiaj-with)
(sy"akhlum-coat)( kha"ankhaw-his)

STRING: STRING:

0 john 1 covers 2 his 3 head 4 with 5 his 6 coat 7 0 aevfu 1 Agu 2 ¥ 3 18911 4 fael 51denqu 6 2891 7
CATEGORY: CATEGORY:

phrase

phrase

QSTORE ne_set_quant QSTORE ne_set_quant

CONT psoa
NUCLEUS cover2
WORDASSO 2-1-19 CONT psoa
COVERED [1] NUCLEUS cover2
COVERED_PLACE [3] gg\l}é)é\gsl)sﬁ ]2-1-19-2

COVERERI [4] ref COVERED_PLACE [3]

iglél;/[N\;n e COVERERI [4] ref
IPER per IGENN masc
SURFACE cover INUM sg
QUANTS e_list IPER per
CONX conx SURFACE ngu
QUANTS e_list
CONX conx

FIGURE 8. The CONT value of the SL parse and that of the TC of Example 4.

put through the Word Ordering module to revise its syntax. Once the revision is completed,
the repaired TC is returned to TCE.

In the case that the CONT or the QSTORE value of the SL is different from that of the
TC, the SL CONT value: SURFACE and WORDASSO features are passed to RI. The SURFACE
value indicates the surface form of the word which causes the mistranslation. The WORDASSO
value specifies the proper meaning of the word in question in terms of WordAsso number.
Therefore, to repair the CONT or QSTORE value of the TC, Rl reselects the corresponding word
inthe TL for the word specified in the SURFACE value. The reselection is done by searching the
Word Treatment Output for the corresponding word which has the same WordAsso number
as specified in the WORDASSO value.

In the case that the CONX value of the SL differs from that of the TC, the SL CONX
value: the BEARER and NAME features are passed to RI. The BEARER value specifies the

TABLE 3. Class of cover.

WordAsso and Class description Word
2-1-19 Cover as to place something on or over to protect or hide cover
2-1-19-1 Cover as to cover eyes, ears e (pid)

2-1-19-2 Envelop aequ (khlum)
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Example 5:

SL: The bi% ugly duclding likes Joan.
TC: gnifla 3w Tn 6ia 13 wilew Tauew

(ldugped-duckling) (khiilee-ugly) (too-big) (tua-clas) (nin-the) (my an-like)

(joo?en-Joan)

0 the 1 big 2 ugly 3 duckling 4 likes 5 joan 6 0 gnidla 1 3wms 2 10 3 6 4 1w 5 willaw 6 Tauau
phrase phrase
CONT psoa CONT psoa
NUCLEUS likel NUCLEUS sem_like
WORDASSO 2-6-2-4 WORDASSO 13-18-1
LIKEE [1] ref LIKED [1] ref
IGENN fem IGENN fem
INUM sg INUM sg
IPER per IPER per
LIKER [0] LIKENER [0]
SURFACE like SURFACE wiilen
QUANTS e_list
QUANTS e_list

FIGURE 9. The CONT values of the SL and that of the TL parses.

index which associates with the certain name specified in the NAME value. RI repairs the
TC by associating the right names to the right indices based on the information provided by
TCE.

The CONT values of the SL and the TC parses of Example 5 are different as illustrated in
Figure 9. The CONT value of the SL indicates that the word /ike is mistranslated (SURFACE:
like) and its proper meaning in this expression is to regard with pleasure or fondness which
is classified into the class of 2-6-2-4 (WORDASSO: 2-6-2-4). Therefore, RI begins the repair
process by re-selecting the translation of the word like. RI searches the WordTtreatment
output (Table 4) for the translation of /ike which has WordAsso number 2-6-2-4 and thus, the
translation @au (chd 9), is selected.

The word wilew (my“an), in the TC is then replaced with #eu (chdd). The TC with the
new selection (Figure 10) is put through the Word Ordering module to revise its syntax. Once
the repair processes successfully, the repaired TC is analyzed by TCE. Figure 11 illustrates
the semantic information of the SL parse and that of the repaired TC. Their CONT, QSTORE,
and CONX values are the same. The repaired TC is then deemed as an appropriate translation

TABLE 4. A Part of Word Treatment Output.
English Word Treatment Output Description
like %oy (chd”d), 2-6-2-4 to regard with pleasure or fondness

willow (my“an), 13-18-1
asnel (khlaaj), 13-18-2

in the same way as; with the same quality as
similar to; almost but not exactly the same
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TC: gnifls (IGugped-duckling) Hons (khiilee-ugly) 10 (too-big) i (tua-classifier)
T (ndn-the) wilay (my“an-like) Tsuau (joo?en-Joan)

&
TC with the new selection: grifla (liugpéd-duckling) A (khiilée-ugly) 1 (too-hig)
(tua-classifier) 9y (ndn-the) 181 (cha™a-like) Tauau (joo?en-Joan)

Repaired TC: gniile (lGugped-duckling) wd (khiilee-ugly) n (too-big) 1 (tua-
classifier) 1 (ndn-the) 981 (cha"a-like) Tsuau (joo?en-Joan)

FIGURE 10. The repaired TC of Example 5.

for the SL in Example 5. Further details of the repair process can be found in Naruedomkul
(2000).

5. CONCLUDING REMARKS

GRMT consists of three phases: ALMT, TCE, and RI. ALMT generates the translation
candidate in a simple, straightforward manner, similar to the direct approach, but ALMT is
more efficient because it accounts for differences between language pairs in terms of both
syntax and semantics and this analysis ensures that the generated TC is exact or close to the
correct translation.

The TCE analyzes the TC to determine whether its syntax and semantics are gramma-
tically correct and whether it conveys the meaning of the original sentence. If the TC does
not, RI will repair it. These two stages, TCE and RI, ensure accuracy of the translation.

GRMT treats the SL and TL separately, as is also the case with the interlingual approach.
GRMT is also aware of the differences between languages. Therefore, if languages can
be grouped according to various characteristics, for example, plurality, continuous tenses,
passive voice, etc., which they have in common, then the translation between groups can be
performed more simply by GRMT.

Another aspect of concern in designing an MT system is the structure of the knowledge
base, e.g., the constraints and the WordAsso information in the dictionary. The structure
of each knowledge base component should be direct, intuitive, and easy to extend to a
large-scale MT system. In generating a reliable TC, ALMT requires simple information.
This simplicity ensures that knowledge bases required in the ALMT phase are easy to
manage in a large-scale MT effort. The dictionary used in earlier reported experiments
of ALMT (Naruedomkul and Cercone 1997) was expanded to 348 English words and 731
Thai words. The “semantic relationship” and the “ordering rule” were also updated. There
has been no appreciable increase in processing time when running ALMT using this larger
dictionary. The lexicons used in the TCE for both SL and TL are informative and easy to
manage.
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0 the 1 big 2 ugly 3 duckling 4 likes 5 joan 6

phrase
QSTORE ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS size
WORDASSO 13-8-1
INSTANCE [0]
SURFACE big
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [0]
SURFACE ugly
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO_1-1-1-2-1-2-1

INSTANCE [0]
SURFACE duckling
QUANTS e_list
ELTS e_set
ELTS e_set
CONT psoa

NUCLEUS likel
WORDASSO 2-6-2-4
LIKEE [1] ref

IGENN fem
INUM sg
IPER per
LIKER [0]
SURFACE like
QUANTS e_list
CONX conx
BACKGR ne_set_psoa
ELT psoa
NUCLEUS naming
WORDASSO wordasso
BEARER [1]
NAME joan
SURFACE surface
QUANTS e_list
ELTS e_set

0gnida 13ws 2103 64 w5 10U 6laupu 7

phrase
QSTORE ne_set_quant
ELT quant
DET the
RESTIND nom_obj
INDEX [0] ref
IGENN gend
INUM sg
IPER per
MODE reff
RESTR ne_set_psoa
ELT psoa
NUCLEUS size
WORDASSO 13-8-1-1
INSTANCE [0]
SURFACE®
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS beauty
WORDASSO 13-8-4
INSTANCE [0]
SURFACE %5
QUANTS e_list
ELTS ne_set_psoa
ELT psoa
NUCLEUS animal
WORDASSO 1-1-1-2-1-2-1
INSTANCE [0]
SURFACE gniiln
QUANTS e_list
ELTS e_set
ELTS e_set

CONT psoa
NUCLEUS likel
WORDASSO 2-6-2-4
LIKEE [1] ref
IGENN fem
INUM sg
IPER per
LIKER [0]
SURFACE %81
QUANTS e_list
CONX conx
BACKGR ne_set_psoa
ELT psoa
NUCLEUS naming
WORDASSO wordasso
BEARER [1]

NAME Taueu

SURFACE surface
QUANTS e_list
ELTS e_set

FIGURE 11. The semantic information of the SL and that of the repaired TC.
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