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Technical facts

e Not using “LKB-style morphology”

 Token mapping enabled

— 1 placeholder rule for now

— POS tagger: trigram HMM trained on “Orchid”
corpus

e Syntax rules: 27

 Native LEs: 223

e Generic LEs: 3 (placeholders)

e |[CONS (but no phenomena yet)
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Refactoring a matrix grammar

e 2014: take the plunge and “fork” from matrix

/tdl-lex

/adjective.tdl, /noun-common.tdl, verb-aux.tdl,...
/tdl-main (“entries”)

/labels.tdl, /roots.tdl, /rules.tdl, /trigger.tdl,...
/tdl-types (“types”)

/fundamentals.tdl, /syntax.tdl, lex-rule.tdl,

/lex-type.tdl, /tmt.tdl, /icons.tdl ...
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Thai tokenization

 Thai does not use space between words

 Word-breaking (tokenization) can be
ambiguous:

LLOANU...

..0NN au... [taik lom] (exposed to the air)
.61 AAay... [ta: klom] (circular eye)
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Tokenization (continued)

e After several false starts, such as:
— “conventional” (i.e. statistical) tokenizers
— “assume cooperative/defer problem” (manual)
— “whitespace” expedient

Tuesday, July 15, 2014 5



/

Glenn Slayden /

DELPH-IN Grammar of Thai DELPH-IN

Exhaustive tokenization

e Current: exhaustive based on lexicon

— when loading grammar, initialize a trie with all lexical
items

— |terate sentence characters, deploying all possible
(overlapping) lexical items into token lattice

— Skip lookup for certain impossible-initial patterns
— Postulate generics for uncovered gaps
— Pass entire lattice as input to token mapper

o7

. (space) added to lattice as an explicit token
— currently not used
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LET-A79EFC
<3:6> [1...2]

1 e 4679

NC-2B1A388
<11:12> [4...5]

g oov

LET-E5EB38
<9:11> [3...4]

ol 1 O

LET-16FD055 LET-176F257 LET-1E2F9D9

N w4217 sh 6 4679 d
LET-6A58F7

<9:12> [3..5]

oy enw_7072

LET-1E89976
<3:6> [1...2]

sh e 4730

LET-139BF00
<12:16> [5...6]

ot o8 _25414

LET-26726F8
<24:27> [8...9]

we_4277

NC-2468F16
<20:24> [7...8]

LET-21D999
<27:31> [9...10]

wh i 4490

LET-326931C
<12:16> [5...6]

og o2d_35904

LET-21A999 it}

<16:20> [6...7]
udr wd_4268

M1 ooV

LET-1EACFFA
<20:31> [7...10]

fusian  sausidn_219873

LET-1C7DBF2
<12:16> [5...6]

oy o:_4483
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Lexicon elaboration

e Access to lexicon of thai-language.com:
— 59,218 fully supervised sense entries/categories
— 15,025 Thai lemmas
— 22,453 simple English senses (1.49 per lemma)

— 36,102 compound items with English sense (incl.
phrase, sentence)

— 9,668 complete sentences

— 587 grouping categories (any items, including
categories)
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Lexicon integration: false starts

e Dump entire lexicon into TDL X

— DELPH-IN grammars require precise supervision of
part-of-speech (lexical supertype)

e Store TDL text in tldb database X
— Easier to manage TDL all in one place (text file)
— But we really don’t want to drift out of sync
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Lexicon integration: solution

Store supertypes only in tidb

2. Website (admin setting) can show TDL for
copy / paste 4. QAUALLTIR 1050 5t o o o

3. Standalone TDL
reader maintains B8R s
sync to/from tldb

Waly -
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Thai Grammar: Syntactic Phenomena

* Predicative adjectives

RUIAD
dog hungry

mrs

HOOK Fg“p ] “The dog’s hungry.”
INDEX [e1]
XARG

PERS RSTR h SF pro

_" . i - " s hungry a 1 I‘e|"
d 1 ¥l exist g rel - i
— Og_n— —re LBL h LBL h
LBL h ARGO
RELS { [ARGO [x ] ! R ’ S ]
p
3 BODY [l h ARG1

geq
HCONS< HARG [h3] >
LARG

Tuesday, July 15, 2014 11



Glenn Slayden ’ i
DELPH-IN Grammar of Thai

" DELPH-IN

e Greeting; optional polite particle

Hello!

greeting [polite]

CP cd-comp-head (root_strict)

cd-comp-head-phrase ”H e | |O !”
/\ — —
ADJ a¥adi_196817 C Au_4370 mrs _ -
attr-adjective-lex formality-part-lex HOOK hook
GRG0 AU LTOP o
ipolite] INDEX |e1
XARG |i2
root_strict -r = -
" greeting_a_ 1 _rel"
LBL [hO] h
ho|[e1 RELS ARGO [61] &
{[ho]|: " greeting a 1 rel"(le1],]i2]) } ARG1 [2] i
U HCONS bag B
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 Clause embedding

Tuesday, July 15, 2014

-mrs
HOOK  [hook
LTOP
INDEX [e1]
XARG
- - " located_v_1_rel"
- 2 oo = _think_v_1_re = s LBL h = =
" child n 1 rel" exist_q_rel LBL h "ecat n 1 rel" exist_g_rel exist_qg_rel
BL m3h LBL h ARGO [ (BL [l h LBL h ARGO [e14][ o " house_n_1_rel" LBL h
RELS ARGO ([ » |ARGO ) SF ro] » | ARGO Bl » |ARGO ; SF prop|f, [LBL [R18h » |ARGD
[PERS 3] RSTR [h8 h prop I:PERS 3} RSTR h ARG1 ARGO RSTR h
BODY [8] h ARG1 BODY [r12] h ARG2 BODY [18] h
ARG2 [h7] h X
L PERS 3
qeq geq geq qeq
HCONS ( [HARG 3|, |HARG » |HARG [1]| , HARG>
LARG LARG 13| LARG LARG

LANAAIILNIALIUIY
child think [compl] cat [loc] house
“The child thinks that the cat is in the house.”
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e Embedded question
NN unIaty
child ask [compl] arrive house or not
“The kid is asking ‘Are we there yet?””

{ SF prop }
{[n3] : " _child_n_1_rel"([x2] { PERS 3 })
: "exist_q_rel"([x2], [h5], [h6])
: " ask_v_1_rel"([e1], [x2], [h7])
: " arrive_v_1_rel"([e9] { SF ques }, { COG-ST in-foc }, { PERS 3 })
:"_house_n_1_rel"([x11])
h13| : "exist_q_rel"(|x11], |h14], [h15]) }

{[h5] geq [h3], [n7] geq [n8], [h14] geq [h12] }

Tuesday, July 15, 2014 14
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Embedded question
FuaUNAUNTIUINKN LaTa L
[1sg] ask [compl] [2] know [compl] dog chase car [ques]
“I’'m asking if you know whether dogs chase cars.”

{ SF prop }
{[h3] : "pron_rel"([x2] { PERS 1, NUM sg, GEND f, SPECI + })
: "exist_q_rel"(|x2], [n5], [h6])
: " ask v _1_rel"(let], [x2], [h7])
: "pron_rel"([x9] { PERS 2, NUM sg, SPECI + })
h10| : "exist_q_rel"([x9], [h11], [h12])
: " _know_v_1_rel"([e14] { SF ques }, [x9], [h15])
: " dog_n_1_rel"([x17] { PERS 3 })
h18| : "exist_q_rel"([x17], [h19], [h20])
h21]: " _chase_v_1_rel"([e22] { SF prop }, [x17], [x23] { PERS 3 })
h24]: " _car_n_1_rel"([x23])
h25| : "exist_q_rel"([x23], [h26], [h27]) }

{[h5] geq [h3], [h7] geq [n13], [h11] geq [h8], [h15] geq [h21], [h19] geq [h16], [h26] geq [h24] }

= 1=
==
M| | W
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e Case marker

8% GG
NI LOIEIRNT
Tt give way [dat] passenger
HOOK hook
LTOP PP )
INDEX [e]] Give way to passengers.
XARG
" give_v_1_rel"
LBL [ho] h
ARGO [e1][
| SF prop "exist_q_rel" "exist_q_rel"
ARG1 [2][, " direction_n_1_rel" LBL h " passenger_n_1_rel" LBL h
RELS COG-ST infocll» [LBL h , |ARGO , |LBL h , |ARGO
ARG2 [l[; ARGO RSTR [7] h ARGO RSTR [t h
Xl x ] BODY [hg] h BODY [h12] h
[PERS 3
ARG3 [][,
PERS 3
geq geq
HCONS< HARG 7|, |HARG ] >
LARG LARG
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 Modal auxiliaries
ligauAuagls
[neg] allow eat [anything]
“I didn’t allow (myself) to eat anything.”

o Wae'ldlmn
LTOP
{] . man go [pot]
e | fatah] |2,E LT Wy ”
ARGO-[ [ e . “[er oo He’s able to go.

PERS 3
BODY [ré] h [COG-ST type-i ARG1 [n10] h

HCONS

/\

HARG 3| 5 HARG -
LARG [3] LARG -

Tuesday, July 15, 2014 17
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e Adverbs
WIUNAEILS?
{ SF prop }
{[n3] : "_house_n_1_rel"(i2] { PERS 3 }) house collapse quick
: "exist_q_rel"(|x2], [n5], [n6])
[h0] : "_collapse_v_1_rel"([et], [2]) “The house collapsed quickly.”
[ho] : " _quick_r_1_rel"([e7],[e1]) }
{[h5] geq [h3] }
S
/\ S
N
NP VP
NlP VP & | o~
N N VP ADV
nangy
) U vany 13
U

Tuesday, July 15, 2014 18
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* Negation
glinluldeaia
[name] [neg] go market
- “Sanit didn’t go to the market.” -

Tuesday, July 15, 2014

mrs
HOOK hook
LTOP
INDEX
XARG [2] i
" go_v_1_rel"
— " - n LBL h " . "
exist_q_rel 2 " — - exist_q_rel
E;TEdeL LBL h LréeLg_r h ARGD e " _market_n_1_rel" LBL h
RELS ARGO G x | |ARGO ' |ARGO R e’ | SF prop|f, |LBL h » |ARGO
Aty RSTR [hé] h ARG1 Bl 1 ARG1 [d] ] ARGO RSTR h
B d  [BODY [h7] h ARG2 [x11][ BODY [h15] h
PERS 3
geq qeq qeq
HCONS{ [HARG [hél| ; [HARG » |HARG
LARG LARG LARG
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e Nominal coordination
AUMUIMITNLLA 1A uag 1A
[1sg] eat seafood chicken and turkey
“| eat seafood, chicken and turkey.”

{ SF prop } S
{[n3] : "pron_rel"([x2] { PERS 1, NUM sg, GEND f, SPECI + }) NI’DI/,\\\}P

ha| : "exist 1"([x2], [n5], [n6 S

“eXIS g .re ( [h6]) 2 : o

[ho] : " _eat_v_3_rel"([e1], [x2], [x7]) NP VP N V NP-T

: " seafood n_1_rel"([x9] { PERS 3 }) ‘ — —

h10] : "exist_q_rel"([x9], [n11], [n12]) N Vv NP-T AU YU NP NP-M

h13] : “_chicken_n_1_rel"([x14] { PERS 3 }) — | N

h15] : "exist_q_rel"([x14], [n16], [n17]) AU VU N‘P ﬁ{ N NIP /NB;M\
h18|: " _and_c_rel"(|h19], [h20], [x21], [x14], [x22] { PERS 3 }) N NP NP-B
h23]: " _turkey n_1_rel"([x22]) N N]P /N/P:E R g | PN

: "exist_q_rel"(p22], [n25], [n26]) .~ N CONJ NP .4 N CONJ NP
ho7 :predsort(, ’) INUNELA | nela |

h29] : "implicit_coord_rel"([h30], [h31], [x7], [x9], [x21]) , N , N

Gl : 1o uas 1o uae

h32] : "exist_q_rel"([x7],[h29], [h33]) }

h5| geq [h3), |h11]| geq |h8|, |h16| geq |h13|, |h25| geq |h23 . ,
{[h8] geq [h3], [h11] geq 18], [116] geq [h13], [h25] geq [n23] } [, (.
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e Subject-drop and object drop
Taiaun VLlllauﬂ

AD)J drop-subj (root_strict)
decl-head-opt-subj-phrase

AD)J adj-head-scop
adj-head-scop-phrase

[neg] fun

124

“It’s not fun.

/\ —mI’S ]
HOOK' | hook
ADV 'l1i_33082 ADJ-M pred-adj LTOP
neg-adv-lex pred-adj-rule INDEX
XARG [2] i
‘hj "fun_a 1 _rel"
NEG [ " LBL [h5] h
LrI]E!eI? _r h ARGO [e1lf e
RELS ) SF pro
AD)J aun_4224 ARGO [e3] e prop
attr-adjective-lex _ARG1 h ARG1 [x¢] X
COG-ST in-foc
aun [qeq )
fun HCONS< HARG >
. LARG
root_strict - - -
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e Positional constraints on aspect markers

iz FaAA1§9TEs 9L UL U

NP bare-np VP v-comp-head

[name] [asp] [asp] build house [asp] [asp]
N 3a1@_33087 VP v-comp-head v m,iB362
prop-noun-lex v-comp-head-phrase tam2-aux-lex " R . R R 17,
wa N Wilat is about to start building a house.
VP head-comp V 4u_33144
head-comp-phrase tam2-aux-lex
[;[I::] -mrs ]
\‘\ HOOK hook
V finde 7363 VP head-comp LTOP
tam1-aux-lex head-comp-phrase INDEX
i ' XARG
Al ) _ _
ASP e ‘ " build_v_1_rel"
LBL [l h
i‘l’T::]}?li?:'gauX lex ::a?ie::;:rgfwase ARGO e
"exist_q_rel "exist_q_rel"
) named rel - TENSE fut — =
Ay L . - LBL h PROG + " _house_n_1_rel" LBL h
Asp , RELS lZ\BRéo : , |ARGO , PERF + ||» [LBL h » |ARGO
Vaﬂ_ssbl NP bare-np CARG ‘aw 5353 2 | SF prop el 281[—)5 L‘
no-drop-t-verb-lex bare-np-phrase ARG1 _
7
o ARG2 [
bl PERS 3
N o211 qeq qeq
e HCONS( [HARG [§]( ; |HARG
LARG LARG
thu - .
home
root_strict
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e Question particles
nralldan, wriady, Turu
* Negative copula
Auga lulairnn
pencil [neg] pen
“A pencil is not a pen.”

e Copula, possessive
L2NAAATUDIAU
[3] [cop] teacher [poss] [1sg]
“He’s my teacher.”

Tuesday, July 15, 2014 23
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e Verbal coordination (explicit)
n'lddananiiiaarawasldidauiay
[3] go buy flower at market and go visit friend
“He went to buy flowers and visit a friend.”

e Verb serialization (implicit coordination)
siadaunau lddanTii unuan
must hurry return go call give come say
“You must hurry back and call him to come tell me.”

Tuesday, July 15, 2014 24
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almAunakiin

sty exd o i Demonstratives
NP hare-:np = ;\l;hea.dr-comp ‘ 3 ~ T Qg
bare-np-phrase | head-comp-phrase aum ﬂ u N a le uu

| N ain_22114 V Au_6578 NP head-spec

Propar:unlex drOptﬁverblex. hea.d:%r’J”elC‘Pf.tase [ Nname ] e at fr U |t [d mMn St]

L “Sanit ate that fruit.”

common-noun-lex demonst-determiner-lex
waly i
fruit [dmnst]
root_strict
_mrs )
HOOK hook
LTOP
INDEX
XARG
" eat v_1_rel"
LBL 9 h
r 7] "exist_qg_rel" ARGO [e1][« "exist_qg_rel"
EgTedeIh LBL h [SF prop " fruit_n_1_rel" LBL h Eg?:rdea rel
RELS ARGO » |ARGO ) » |LBL h » |ARGO )
X ARG1 [x2] ARGO [e
CARG  alw RSTR [h5] h ARG2 [, ARGO RSTR h ARG
A W1 |BODY [hé] h BODY [hii] h
PERS 3
GEND n
qeq qeq
HCONS( |HARG [n5]| , |HARG [hi0]
LARG LARG

Tuesday, July 15, 2014 25
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S a o
AN sawInU L AeN
NP ADJ-M
— ' car [numcl] [dmnst] green
N D ADJ
— T~ “" ”
- NUMCL D g4 These cars are green.
WA ‘fl:
:{)SOK hook
[LTOP
INDEX [e1]
XARG [ i
" car_n_1_rel" [ 0]
LBL i "exist_qg_rel" e o _green_a_1_rel
proxima & | LBL h
reLs | MO0 PERS 3 . |aReo h ’ ki%so , [ARGOEAe
NUM non-sg RSTR [hS) h ARG © SF prop
GEND n BODY [hé] h ARG |
[geq i
HCONS< HARG Ii|
LARG [n3]
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Numeric classifiers
gUnfisad s AU
[name] have car green three [clas]
: “Sanit has three green cars.”

mrs

HOOK [ hook
LTOP

INDEX
XARG
' have_v_1_rel"
— —_ n s n LBL . h " n n 2 n
exist_q_rel . 2 card_rel exist_q_rel
EETEdeL LBL h ARGO [el][ o ¥ gam 0 gl L_éjl-reeaj_rel LBL LBL h
RELS ARGONE x |* |ARGO . SF prop||, |LBL h ' |ARGO [ e » |ARGO el |ARGO
CARG 2 RSTR h ARG1 [x2] ARGO ARG1 ARG1 RSTR h
| =l BODY h ARG2 - CARG 3 BODY h
PERS 3
gqeq geq
HCONS { |HARG » |HARG [h12]
LARG LARG
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Numeric classifier/demonstrative interaction

{ SF prop }

{[h3] : named_rel([x2], atin)

: "exist_q_rel"([x2], [h5], [h6])

: " buy_v_1_rel"([e1], [x2], [x7] { PERS 3, NUM sg, GEND n })

: " _car_n_1_rel"([x7]) a & a o 1
N sindasafiderauduil

“card_rel"(|e10] £3%)
.fg;,st_rz_f:,#(..- EYET [name] buy car green three [clas] [dmnst]

: proximal+dem_a_rel([e14], [x7]) } o . )
{8 geq [, [172] geq 8] } Sanit bought these three green cars.

=1[= S[=1=1=] =
Hoo @| || || (D] | >

{ SF prop }
{[h3] : named_rel([x2], atin)

: vexist_q_rel" (2], [8), 18])

:" buy v_1_rel"([e1], 2], 7] { PERS 3, NUM sg, GEND n }) ) o
§ ety o I sfndasafidendundod
;Sj;g—t_fg’_f) [name] buy car green [clas] one [dmnst]
el : proximal+dem_a_rel((e14), b]) } “Sanit bought this one green car.”

{[h5] geq [h3], [h12] geq [h8] }
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car [poss] [1sg] [cop] [clas.

_mrs
HOOK [hook
LTOP
INDEX [e1]
XARG
" of_p_rel"
LBL
- My " ARGO [e7] e
" car_n_1_rel" exist_g_rel
LBL iﬁ LBL [ h ARG1
RELS | |ARGO b2, ARGO , |ARG2 k8lf
[P ERS 3] RSTR [05 h PERS 1
BODY [r8] h NUM sg
GEND m
SPECI +
geq
HCONS HARG- HARG hii]{, |HARG
LARG [3] LARG [ LARG

Tuesday, July 15, 2014
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"pron_rel"
v |LBL
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5OUDINUA AU

“My caris t

" be_v_id_rel"
LBL h
"exist_q_rel" ARGO e
LBL h SF prop
ARGO " |ARG1
RSTR [11] h ARG2
BODY h X
NUM sg
GEND n

[dmnst]

nat one.”

L?Ii_stl;; mid+dem_a_re

» |ARGO ; ;BR"GO :
RSTR [r15] h rive €
BODY h

|

29
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{[ho]: "_be_v_there_rel"([e1],[x2] { PERS 3 })
: "_mouse_n_1_rel"([x2])
: "card_rel"([e4], [x2], “3”)
: "exist_q_rel"([x2], [h6], [h7])
: "_be+located_v_rel"([e9],[n10])
:"_in_p_rel"([e12], [x2], { PERS 3 })
: "_kitchen_n_1_rel"([x13])

h15| : "exist_q_rel"(|x13|, |h16], [h17]) }

{[56] geq [13), [710] geq [7T1), [716] geq [h14] } ﬁﬁuajﬂﬁjaﬂﬂi‘lﬂ%}j
have mouse three [clas] [loc] in kitchen

Presentational

[rrs o . ° ° ’) 1
There are three mice in the kitchen.
LTOP
INDEX
XARG
_ - .
"_be_v_there_rel" “card_rel" "exist_q_rel" = : _m_p‘,:i "exist_q_rel"
LBL [ h " mouse_n_1_rel"|  |LBL LBL Bh| | e I " kitchen_n_1_rel'| ~ [LBL [m8] h
RELS ( |ARGO[eT] e » |LBL h ARGO [e4 |, |ARGO ' |ARGO ' | ARG1 » |LBL h » |ARGO
ARG1 (2l ARGO ARG1 RSTR [f8 h ARG ﬁ ARG? ARGO RSTR [h16] h
PERS 3 CARG 3 BODY [7] h [’F‘,ERS 3] BODY [hi7] h
geq qeq geq
HCONS< HARG 8], |HARG » |HARG [n1g] >
LARG LARG LARG
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Future work

e Unmarked possessive
1N UAUNRE
house 1sg collapse

e “About cats”

— http://www.thai-language.com/id/590394/
— http://www.thai-language.com/id/590417

e Relative clauses

e ..etcetera ad infinitum
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