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Abstrace: Link grammar is 2 model of formal grammar
developed by Daniel Sleator and David Temperlev[l]. A
link grammar consists of a set of words, each of which
has a linKing requirement. A sequence: of words is a
correct sentence if there @ 8 way to draw arcs {links)
amaong the words to satisfy three conditions: planarity,
commectivity, satisfaction. The formalism of link
prammars has been used in parsing English, German,
Russian, Turkish, Chinese and other languages. Several
translation systems have been built to translate from

English to German, Iodonesian Bahasa, ete. To the

extent of our knowledge, we have not seen any rescarch
on link parser for YVielnamese yel.

After studying the Vietnamese syntax from
computational perspective, we develop a link grammar
for Vietnamese. We also present s link  parser. for
Vietnamese. The parser has acceptable result for simple,

complex sentences and compound sentences. 11 would be
much better if we could improve the word segmenier.

Keywords; Link Grammur, Parser, Narural Langnage
Pracessing, Vietnamese Syniax,

[. [INTRODUCTION

As well known, 2 classical method of describing
the syntactic structure of natural sentences 15 phrase-
structure tree (PH- tree).

A PS-tree of a natural-language expression shows
which itemns of word forms or phrases combine with
which other tems to form tight unns of a higher order.
A sentence s cul into (generally two) major
constiteents, each of which 15 subscequently cut n its
urn, -ete. . Symbols ke NP, VP, N, PP, etc, appear in
PS-trees as labels on nodes. Most of nodes do not
correspond to actual word forms of a semience.
Figure | demonstrates a PS-tree for a Vietnamese

sentence “Méo nho biit chudt nhé™ (small cats catch
smrall muce ).
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(xmall cats catch small mice)

Figure {. A Phrase Structure Tree

This  approach. does mnot allow a  natural
representation of relations between word forms, For
rile based machine translation, if the PS approach 15
used in parsing, 11 i very difficult 1o build the
destination sentence when the structures of sentences
of the source language and the destination language
are different. To vover all grammar phenomena of a
language, the set of context {rec rules 15 much larger

than the set of link formmlas

A lmk grammar, which s considered closer to
human imuition, offers impressive characlerizations.

A link parser shows which item is related to which
other tem and m what way. The output of a link
narser reveals the structure of an expression 1o terms
of links betwéen 1ts actual elements.

in'a PS tee, properties of an item cannot properly
represent 115 actual syntactic rolein a text, Bul m link
grammiar model, syntactic  roles  are  indicated
exphcitly by special labels. Figure 2 shows a linkage
of Semtence nhd  bat  chudl
mentioned above.
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(emall cats catch small mice)

Figure 2. Quiput of a link parser for sentence
“mréc mwh bat chudt nho "

Comments of figure 2:

DT-BT 15 the lypical connector between a noun
and a verb (like connector subject — verb in English)

DT-TT 15 the connector between a noun and an
adiective. In Vietnamese there is no verb between a
noun and an adjective.

DT-DT 1s the typical connector between a verb and
a8 noun (hke connector verb-object m English)

According to D.Sleator and D, Temperley [1], a
link granmmar consists of a set of words, each of which
has a linking requirement. A sequence of words 1s @
correct sentence if there 15 a way to draw arcs (links)
among the words to satisfy the following conditions:

Planarity: The links do ool cross.

Connecuvity: The hnks suffice to connect all the
words of the sequence together.

Satisfactuon: The links sausfy the
requirements of each word in the sequence.

hnkmg

The linking regquirement for cach word in the
dictionary is expressed as a formula mvolving the
operators & and or, parentheses, and connector
names. The + or - suffix on a conneclor pame
mdicates the direction (relative to the word being
defingd) in which the matching connector (il any)
must lte, The & of two formulas 15 sansfied by
sausfyving both the formulas. The or of two formulas
requires that exactly one of 1ts formulas be satisfied.

For example, m semence, “Tai sao chu khing
ta?” (Why do nar vou come?) the verb “t6i"(comie)

has three left linkmg requirements, thalt are “THT-
"(the comnector of an interrogative word and the
predicative), “DT_BT-" {sumiar to the subject link of
other languages), and "TBT2 1-"(the connector of a
negative adverb and a verb or an adjective), On the

other hand, *Tai sao™ Wiyl links o word “toi”
(came) with the THT+ link, “ciiu™ fyon) links to word
“tol” fcomel with the DT BT hink. “khoing™ fdon 1)
links to word “t6i™ fcome) with the TET2 1+ link
Table' | encodes the lnking requirements of the
sentence:

Table 1. Linking requirements af each word of
senfence " Tl sao odu Khong toi? "

I 530 THT+

r-;h-l!ut THTI 1+

-or ()} & (DT DT-) & ADI2 I-¢

The diagram im Figure 3 below shows how the
linking requirements are satisfied in sentence “Tai sao
ciu khéng t?"
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(Wihy do not you come?)

Fipure 3. Linking requirements are satisfied in the
sentence " Tl sao ogu khdne toi

[D.Sleator and D.Temperley [1] also miroduced an
efficient way to express rules of a hnk grammar,
namely disjunctive form. Each word of a language
assocites with a s¢t of disjuncts,

A disjunct s a set of comnector mames that
constitutes an mstance of satsfving the requirements
of a word. A disjunct has two parts: the left st and
the right list. The left Hst consists of the connectors
with =" sign (left linking requirements), whereas the
right list consist of the connectors with the “+" sign
(neht linking requirements),
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A disjunct 1s denoted as: ((Li, La. Ly ... L(RGR..
i Rz, .. Ri)). L, denotes a left linking requirement and
Rj denotes a right linking requirement. Either “x™ or
"y can be zero. In previous formula, the word
connected 1o current word with "L, link is closer than
to the word with “Ly" link, Similarly, the word
conpected to current word with "R,” link s closer
than to the word wath "R, link.

A formula can be translated into a set of disjuncis
by emumerating all the ways that the formula can be
satisfied. The following disjuncts can be constructed
from formula (THT- or (}) & DT DI- & (TDT2 I- or
TOT24):

((THT, DT DT, TDT2 I}TPT2))
(DT _BT.THTZ)TDT2)

In the reverse direction, (o translate a set of

disjuncts into a formula, all the disjuncts should be
combined with the “or” operand.

English parsers have been developed based on a
link grammar for English [1]. The latest parser for
English was released in February 2011, It used a
dictionary of about 60000 word forms and [R899 rules
for 12 pans of speech.

Besides English, link parsers were built for other
languages. A project of building Chinese link parser
nas been developed since 2004 [22] Chinese hass
problems similar to Vietnamese: tense, voice and
some other grammatical categories are expressed by
words, not by morphologieal transformation.

Link parsers are applied 10 many fields. Using
Link Parser to extract information from texts 1s very
popular in recent years. In [15] a link parser was used
to parse biological documents and parse trees were
saved in & database, Molecular events were extracted
from that database, In [17] information of protein
imteraction’ from unstructured texts were oxtracted. In
[18], a methoed for gencrating a Discourse
Fepresentation Structure (DRS) semantic
representation from the output of a hnk prammar
parser was presemied. [21] proposed an extended
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madel of Link: Grammar: Categoncal Link Granumar
10 generate knowledge picce I oan  emergency
decision-making support system.

Link grammars show directly the connections of
words 1n graphs. That model can be useful for a direct
translation from syntax to semantics. Some machine
translation system based on link grammar model have
been developed for Asian Language, for example, N.
Zamin ¢t al, [19] have developed a wanstation system
from English to Indonesian Bahasa using Annotated
Disjunct {ADJ) model. Although it was a role-based
system, 1t could be apphed effectively o less-
resourced languages i South East Asia where large
corpora ‘are not avalable. [16] also used the hnk
grammar model o buld 4 machine translation systeim
from Enghsh to Indian ethmic languages such as
Panini, Kannada.

IL. VIETNAMESE PARSING

Vietnamese language is affected by both Chinese
and French: use an - extended Latin alphabet but
whitespaces arc not used to identify the word
boundaries.

Vietnamese words are categorized o the
following parts of speech: noun, verb, adjective,
pronoun, numeral, adverb, conjunction, preposition,
determiner. Nol ke English where each sentence
must contain at [east onme wverb, In Vietnamese
sentences, the main part of a predicative may be a
verb or an adjective, for example, in sentence “Lan
lau sin nhd™ (Lan cleans the floor), the main part of
predicative 15 the verb “lau™ felean) while in the
sentence “ChH dy dep™ (She is beautifil), the subject is
“cir #y™ (she) and the main part of predicative is the
adjective (without verb) *dep™ (Beauriful),

The general word order n Vietnamese 15
Subject-Verb-Object (SVO) But several other orders

arg accepted.

There are many approaches to Vietnamese parsing,
almost based on the Context Free Grammar model. At
present, model of Lexical Probabilistic Context Free
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Grammar (LPCFQG) 15 very popular. Because LPCFG
15 a-statistical-based ‘model, parsing quality highly
depends on the size of s training corpus.
Unfortunately, corpord of Vietnamese are not large
enowgh to cover all the characteristics of Victaamese.

[11 proved that any Janguage pencrated by a
Context Free grammar is aceepted by a link grammars
and vice versi.

Since hink grammars are completely lexicalized,
results of a limk parser may represent some semantic
information, it would be useful in translation systems,
For mnstance, using ADJI [19], the problem of word
disambiguation may be solved.

Vietramese is suitable for link parsing because the
order of waords 15 significant. Forms of Vietnamese
words are never chanped, so the morphelogic parser is
not required, However, instead of having prefix or
suffix, to express tense, form, comparative, plural,
some words are added (“da", “tirng™ 1o express past
lense, “sé” for future tensc)

1. BUILDING A LINK GRAMMAR FOR VIETNAMESE

We have built a link grammar of more than one
hundred definitions that capture many phenomena
of the Vietnamese grammar. IL handles: noun-verb
agreement, guestions, adjective, complex, different
types of pouns and many other things. In this
section, we onlroduce rules for typical parts of
Vietnamese specch

A Naun phrase

Noun phrase i5 constructed from 3 pars:
the central noun, preceding and succeeding auxiliary
elements.

The third preceding - awxiliary clement (e.g. “car”
(umif)) stands immediately before central noun. This
element has a connector TDT3+ and nouns have a
commector TDT 3-

For example,
ban (rables, ghe (chawr): {TIT3-}

cal (unit); TDT3+

The second preceding element has a connector
TDT2+ and nouns has a connector TDT2-,

We-got:

nhirng, cac (the words stand for the plural o
Vietnamese), moi (each) . moi (all), timg (every):
TDT2*

Numcrals come before the central noun and have a
connector ST DT+,

mjt jonel, hai fmol. ba (three), biin (four);

ST DT

The first preceding element connects to the central
noun via a connector named TDT 1+

[t ¢4, tit thay, toan b, todn the fall): TDT1+

Combining  these features  discussed above, we
liave the following rules for nouns:

bin (table), ghé (chair); {TDT3-} & {TDT2- or
ST DT-} & {TDT1-}

Consider the order of the elements: The third
clement is closest to the central noun; hence, TDT3-15
the farest to the lefl. In contrast, the TDT1- is the last
one 1o the right because the first element comes before

all other elements. Noun phrase may not have the

second preceding clement and mumerals at same time,
thus we have operand or between (wWo Connectors

TDT2- and ST DT-. Also note that all these

connectors are optional,

nhitng cHl

(tables)
Fieure 4. Linkage in phrase "nhitng cai ban”

With the above rules, the lollowing phrases are
recogmized:
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2 nhirng cai ban (rables), time cdi ghé (every chair)

ba cdi ban (three tables), hai cai p,hlr: (two chairs)
ST DT

TDT3

/

ba oRl baAn

(three fables)

Figwre 3, Linkage in phrase “ha cai ban™

tat cd nhirng cai ban (all the tables)
todn bi moi cal ahé (all the chalrs)
tit ci ba cal ban (three tables as a whole)

The first succeeding auxihary element 15 a noun,
supplying meaning to the central noun. This element
has a comnnector SPT 1+ and the central nouns have the
corresponding connector SDT1-. Once the central
noun has the connector SDT 1-, it may not connect 10
any preceding or succeeding elements. Hence, we got
these rules for noun phrase;

ban (table), ghﬁ (chair), giwdmg (bed), b xo0
fspring) : SDT1- or ({TDT3-} & {TDT2-or ST _DT-}
& {TDT1-} & {SDT1+})

These rules get nd of the wrong cases where other
precedmng and succeeding elements are considered
supplying meéaning to this first succeeding element
(like the example above, "eai"(unit) cannot be hinked

10 "0 xo"(spring)).

/IEI \/ED'H\
gilurong 1l xo

(the spring bed)

Figure 6. Links in plrase ™ cdi giwedgng lo xo”
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The third succeeding element ("bing" (made of).
"w&" (about)) plays a role as a link between the central
noun and another noun. This element connects to the
central noun by a SDT3- and to the other noun by a
GT DT+, which 1s a connector between a preposition
and the following noun (we will mention this
connector later).

biing (made of), vé fabout): SDT3- & GT DT+

Like the third succeeding element, the fourth one
("cua","o" (of- possessive case)) has a connector
GT DT+ and a connector SDT4- linking to the central
O

cua, O (of- possessive case): SDT4- & GT_ DT+

Entries in the sixth group of succecding elements
have the connector SDT6-

:I"i}f, ﬂﬁ}l‘ (such), Kia (that), nay {this): SDT6-

The central noun will have connectors SDT3+,
SDT44, SDTH+and GT_DT-,

Ban (rable), ghe (chair), giwong (bed) , b xo
(xpring): SDT1- or ({TDT3-} & {TDT2- or ST DT-}
& TDTI1-) & (SDT1+} & {SDT3+} & {SDT4+} &
{SDT6+} & {GT DT-})

/"’ErTn\ /DTVT__::\/ SDT-'I\/GT_IIT\
cal ban bang al o di

col

(my wooden table)

e

bEng
(the table made of my wood)

()

naf bl edl

Figure 7. Linkage in phrase
“eai ban bang o cua rér”
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Consider the case i Npure 7 where the nouon
phrase has both the third and fourth preceding
element:.

We have ambigwitics here; i the first case
"eiia" (f) is connected to "ab" fwooden), while in the
second case it is contected to “ban"frable),

8. Verh phrase
Verb phrases have the six preceding groups.

The first group has the connector TDT4+:

cling (alva), con (still) , vin (vei), efr (keep on)
TET4+

The second group describes the conlmuousness ol

the action:

da, dang, s& vira, méi, sip, siip sim (words for
past, present. future tense in Vietnamese): TOT3+

NN

mong cho

(T extremely expect

Figure 8. Links in phrase ™ 11 mong cho feam "

The fifth group, which shows the negation to the
action, 15 linked to the central noun by a conneetor
named TOT2Z 1+

khing, ching, chua (mot): THT2 |+

There are several verbs which may connect to the
entrics in the fourth group ("r&t", "hei”, "kha"
(very, rather),...). This group has the conncctor
TET2 2+ Note that the cemral verb cannot have both
TET2 1-and TET2 2-atthe same time

it hoi, khi (very, rather): TDTZ 24

Entries in the third group desenbes the frequency
of the action., they have connector TET |+,

thudrng (usual), hay (frequent): TEHT 14

The sixth group supplics the meaning of
recommend of denmnd to the verb. When the verb

combines with this group, it cannot connect with any

other auxibary elements. Hence, verh has a comector
TET5- combined with othér conneclors by operand

Hmli.
dirng, chid (do not): TDTS+
Rules fov verbs:

di (go), Mng (srand), chay (run), lam (do);
({TETI-} & {TET2 1-or THTZ 2} & [TDT3} &
ITET4- 1) or {TETS-)

Words hike "Hm™, "qud"very) go behind some

werbs which are able to connect to such words

Fim. qua (veri); SBT-
These verbs have rules:

mong (expecs) , mong cho (weairl, tiec, hoi tide
fregred), so, lo Bing (worry), nhd (miss), mo fdream),
wie (wish), quén (forgen: (THOT2 1-or TDT2 2-} &
[TDT3-} & {THT4-} & [SDT+}

C  Adjective phrase

Preceding and succeeding elements in- adjective
phrases are nearly the same as those n verb phrases
excepl . adjeclives. cannot with "dirng",
"ehd"{do nod). Therefore, these auxiliary clements of
verh plrase are supplied with corresponding
connectors 1o adiectives:

COTTEC

ciing falsa), com (Eill), vin (ver), o fj-’m;rp o)
TET4s or TTT4+

di, dang. sé, vira, mai, sip. sip sira (words for
past, presend, future tonse in Vietnamesel: TET3~+ or
'I -]."l :;_L

khing, ching, chua (nar): THT2 4 or TTT2 1+

citfvery), hoi, khd (rather)s TDT2 2+ o
TT 24

thwirng fuswal), hayifreguent) t TET v or TTT1#
Vim, qua (much) : SBT-or STT-




The following rules have been butlt for adjectives:

tat (good), dep (heautiful), 86 (red), xanh (green):
ITTT1-} & {TTT2 )- or TTT2 2-} & {TTT3-} &
ITTT4-} & {8TT+;

Here, commector TTT! links with a frequency
adverb (“thudmg”, “hay™. . .), TTT2_2, STT links with
an adverl of degree on the left (“rat”, “hoi™. . ) or on
the right (Iim, gua), TTT2 | links with a negative
adverb (“khong”, “ching”. . . )

D, Connectionis between a noun phrase and a verb
phrase

In the simple sentence structure S + 'V, 10 which S
is a noun phrase and V is a verb phrase, the central
noun and the central verb are hinked together. Nouns
have another connector DT BT+ and verbs have a

connecior DT_BT-.

Nouns may come after verbs playing the role of the
object of the action. Hence, nouns and verbs have
connectors BT DT+ and BT _DT-, respectively, Some
verbs  ("khée"fery),  "ewdi"(smile,  laugh),
“ngid" (sleep),...) which do not require objects will
nod have this connector,

Nouns and wverbs may be connected together
indirectly in the form: ¥V + preposition + Q. In this
case, we add conncctor DT GT+ to verbs and
BT GT- to prepositions. Prepositions may be linked
to nouns via the commector GT DT mentioned above.

Sa far, we got these rules for nouns, verbs and
prepositions:

Nouns, pronouns:

(i (1), ban (vou), ban (table), ghé (chair), girimg
(hed), 1 xo (spring): SDT1- or ({TDT3-} & {TDT2-
or ST DT-} & {TDT1-}& [SDTI+} & {SDT3+} &
ISDT4+) & {SDTé+} & {GT DT- or DT_DT- or
DT . BT+})

Verbs:

hoe (learn), am (do), dn (eai), doc (read), viet
(write)y nghe (listen), gip (meet), thay fsee):

3. TCCNTTTA
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({TPT1-} & {TDT2 1- or TDT2 2-} & {TDT3-} &
ITDT4-)) or {TBT5-1) & {DT _DT-} & (BT _DT+]
& (BT _GT+;

Prepositions:

hﬁng (made of), v fabout) : (SDT3- or BT GT-)
& GT DT+

& (in), dwdi (under), trwde (in front of, beforel,
sau (behind, after) (BT GT-orSDT4-) & GT_DT+

tir (from), vde (to, into), theo (according to) , boi
(because), cing {together) BT GT- & GT_DT+

E Connections between a noun phrase and a
adfective phrase
In Vietnamese, adjectives may go alter nouns 1o

form a structure like S + V. Nouns and pronouns have
another connector called DT _TT+ and adjectives have

a connector DT TT-.

Téi (1), ban fvou), ban (rable), ghe {chair),
gitring (bed), Wb xo (spring): SDT1- or ({TDT3-} &
(TDT2- or ST DT-} & {TDTI-}& {(SDTI+} &
{SDT3+) & (SDT4+} & {SDT6+} & (GT_DT- or
DT DT-or DT DT+ or DT TT+})

tist (aood), dep (heauriful), do (red), xanh {H’.EE”‘}:
(TTT1-} & (TTT2 1-or TTT2 2-} & {TTT3-} &
ITTT4-) & {DT _TT-} & (STT+}

F Connections between a verb phrase and a
adjective phrase
Adjectives will play the role of adverbs when they

stand after the verbs, Verbs have BT _TT+ connector
and adjectives (adverbs) have BT _TT- connector,

G, Complex Sentences

In Vietnamese, complex sentences includes several
clauses, connecting with conjunctions, such as “boi
vi* (hecause), “tuy nhién™ (however), “nhung™ (bui)
elc. or without conjunciion (commas,
parentheses). Vietnamese conjunctions have comnector
CL+ eonnecting with succeeding clause and connector
EV- connecting with the predicative of preceding

= gy
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clause. Parsing the complex sentences, of which
clauses conmecung with commas may lead to an
ambiguity, because comma has many grammatical
fimctions. Only in case bid vi stands an the beginning
of the sentence. and two clauses are connected with a
camma, connector PH+ for ¢comma is added

The following
conjunctions:

rules have been buillt for

tuy nhién (however), nhung (b}, nin (so), cho
nén fhencel, b vi {smee). Vi (becausel: CL+ & (EV-
or QHT-)

vi fsincel, vi (because) div (although): CL+ &
{PH+} & (EV-or {CO4 or QHT¥))

Figure 9 shows the resull of parsing a sentepce
with comma separated two clauses:

in [1] the phenomenon of “and™ conjunction has
been imtroduced. Authors also have some problems
with the equivalent comjunction “va™ in Viethamese
The application of solution of [1] with English “and"”
conjunciion {0 parse senténces with “va™ conjunction
has given similar resulis,

- - . [ — - - i
pa s m— e b : '
! |
[ . ; ¥ H_T= o
|-:_1='.'—;—rlfr - i P — b
| I 1 | | s
| | I =770 | i well e i
i | i i i i |
i i i | | lﬂ_: i
F I | | | i i

B4 ¥) = pid et ] cad b g S ki
(Because vou write very quickly, vour handwriting 1s
very bad)

Figure ¥ Result of parsing
“heri vi odu viét nhanh qud, chit clia cdu Vet v "

IV. VIETNAMESE LINK PARSER

A The dictionary

A dictionary of about one hundred rules and over
han ote thousand items has been built, In the
dictionary, Victnamese words are categorized into
subgroup of ¢ach part of speech, ‘each subgroup has

some link formulas. Here are the images of two main
parts in the dictionary (see Figores 10 and 11)

1: (3DTL- & [SDTL+)) or ((TOT3-) & (TUTZ- orf

8T OT-] & {TOT1-} & (S0T1+) & {5DT2+] & {SDTI+} &
ISDTE+) & (SOTE+) & [[{HA+) & BOTS+] & (OT_IA+ or
4T OT- or BT DT- or DT _DT4 or OT _TT4 or DT THI+ or
DT LA+ or LA DT-) | & {85 _D0T- or OT S54]}

2: (SDTi- & [(SOTi+)) or ({TDTI-) & [SDT1+) &
(@S0TI+) & {SDTIH] & {SOTEH) & [(MA+) & SDTI+) &
{SDTE+) & |55 OT- ar DT LA+) & {GT DT- or DT DT-
ﬁtﬂﬁﬂﬂﬂﬂfﬁ:ﬂ!‘ﬂﬁ} & {55 DT- =z

DT, -EIE‘H']'

3: (50T1- & (50TL+}) or ((SDT1+) & (BEDTZ+) &
(BDTd+) & [{(MA+) & SDTE+) & (55 DT~ or DT LA+}) &
{{{¥A4} & SOTSe+) & (GT.DT- o= OF DT- or DT DT+ or
§0T TTH or DT THI+I] & (53 DT- er DT 584))

4: TOTI+
5 TOTZ+
6; TOTR+ or TOT2 1+ or TTTZ_ I+ or THTI 1+
7: TOT1+

8: (({TSTZ 1- or TSTZ 2-) & {{TSTE-) & TITI-)} &
{TITL-1) & {TST-}} & BT DTe

G 'FETy

10: (S0T3- or DT GT- or TT_GT-) & LI _DTH

Figure 10. Rwles in the dictionary

¥ Trwoc danh tir 3

cai | chide | tha | BH | con | ngdl | sy - 4

§ Trode danh fO 2

nhimg | =he | =Bi | mol : 5

cumg o b

@ Trude danh o 1

toan thé | tic thiy | tle i | zodn b& | Dac ky : 7

Figure 1. Groups of words corresponding above rule

We used built-in data structure Hash Map of Java
to represent our dictionary, This is a hash table storing
clements in key/value pairs. Kevs are words in our
dictionary, wvalues are mles corresponding 1o the
words. Keys are hashed so that there are no two pairs
with the same key. IlMwe put two rules of s same word
to the hash map, the second rule will replace the first
one.. Besides HashMap, Java has a same data
structure, HashTree In HashTree, eléments are stored
in a tree. Our dictionary is not really big, fherefore
HashMap and HashTree are cificient 1o present the
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Qgﬁﬁﬁuﬂ‘y. There is no significant difference o
performance when using these data structures. We
prefer HashMap to HashTree because we do nof need
to visit the keys m sorted order.

B, Pre-processing

Because a Vietnamese word may include several
morphemes separated by spaces, word segmentation is
required  hefore  parsing  The system  uses
JvnSegmenter, a word segmenter built by authors of
|7]. The result of the word segmenter has a
remarkable affection to the result of our parser.

Another important tool is the POS-tagger. Since
forced parts of speech may cause. errors in parsing.
atpresent, instead of using a POS-tagger, we lel the
parser recognize grammatical role of each word
through links,

C  Priuning performance

As mentioned above, we use the algornthm
proposed by [1] to parse Vietnamese sentences with
rules of Victnamese grammar. Disjuncts are bult by
browsing rules of the dictionary. List of disjuncts lor

each word is stored in a link hist

Compare to English, number of disjuncts n
Vietnamese is quite high, because there are so many
words that have link requirements with nouns,
pronouns and verbs, for tnstance: words express verb
tense: 44, da timg, timg (words for the past tense),
s&. chuan bi (words for the future tense), dang, hién
(words for the present tense), words express
plural/singular nhirng, nhiew, mit, cic.

We have apphed both pruning methods| | |: pruning
and power pruning aflerward, Both processes {pruming
and power pruning} terminate when a pass changes no
nearest- word feld and deletes no disjunct. With the
collection sentences in our sample sel, we have nol
seen any sentence needing more than five passes. In
our practical experiments, 11 was shown that using
these technigues makes our program more efficient.

L. TCCNTTTA

Volume E-1. No.4(8)

The sizes of the problem and therefore the running
time are significantly reduced.

The following figure shows the number of
disjuncts -after cach neration of prumng when the
sentence "ehiing 16i mudn gianh cic danh hifu" (we
wani fo gef litles) was analyzed.

chidng td3] jeiutn) [guanh] [ols] [usen b

FeumE

As118 4210 | 332D ¥ ey N B
Ly v Rights aglinE 17e 1=34 -} Lo, O
Righr co L=fcr &50 13 4 1 o v
Lty o Right: 50 13 d L] A e
Fowps Frans
wafe o Rights u 4 L 1 =
Rraht o Lefx) . ¥ <10 [ -
Lafc o Ragitr i L I L o

Figure 12. Number of disjuncts after each iteration of
privtng sentence "chung (o muin gidnh cdc denh higu"

As mentioned above, number of initial disjuncts
was quite high, from one to hundreds thousands
disjuncts, for instance, 59138 for each noun and
131330 for each verb. After two proming phrases, ths
number became only five to ‘twenty. Table 2 displays
percentage reduction rate of number of disjuncts,
gawied in our test.

D, Disambiguation

Following the model of link grammar, a sentence
is grammatical correct if it sanshes the conditions
mentioned m | of this paper. A sentence may have
many parsing results. The number of results for
compound, complex and compound  complex
sentences may increase sirongly,

To solve the problém of disainbipguation with the
word “va" (and) and the following commas, firstly we
use the method shown in [1] with fat connectors (F).
A fal connector is an ordered sentence of ordinary
conmectors. A priotity of 0, 1, 2 is given to each
connecior, too. Normally, all ordinary conneclors are
given 0, the fat connectors on words are given 1, and
the fat connectors on “va™ are given 2(may be |). In
arder for two connectors to match, they must match
according to the normal criteria, and their priorities
must also be compatible: O 1s compatible with 0, 115
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compatible with 2, and 2 15 compatible with |, No Frgure 14, Incorrect result of parsing
other priorities are compatible. “toi ofi vao nha”
Table 2. Percentage rediction rate of nunther T‘D T—ETT
= | of disjuncts - 1 S
[.erh, Normal | Verbs: Adjective | Wonds | I | |
| pronoun | werb “n?i”{saﬂ. CXreds I | +GT DT+
k& (1eil), lenses [ [ | t
T

cle, (A", 63 i vao  nha
T & 1 g0 hon
| e ¢
IR 37 om
3

131330 |311042 | 153216
- _- Figure 15, Correct result of parsing

997 29.9 o 2 foi di vaa nhe

| For simple seniences, a statistical approach to

Vo T [ i % Liﬂ.h'.flllEll'.E probability of links is applied. For example,
with sentence “tdi di vao nha™, the correct result

C gets a higher probability than the incorrect one
So, 1o parse the sentence “Toi di gip anh va chi  because link GT_DT appears more frequently than

cua cdu” (! mer your brather and sister), we got the  link BT BT,

correct result:

4emeeDT DT=mt £ Bxperimental rexulis

| | The following pictures (Figure 16, 17, 18) show

: *Tﬂ“'r“W_I'T_: the result of parsing tweo simple sentences and one

! | ' 4 F {smmuilar to the verb te be). The complex sentence use

conjunctions “béi vi® (because), “nE:.n“r._mf.J

! :

\ \ BT GO TR 4 compound sentence. The first simple sentence

| : | ; | inchudes a comparative, and the sccond simple
:I It : | . +HT_DT+ semtence uses a special verb of Victnamese “1&"
toi da gap anh Vi chi cCus g 11

Figure 13, Parsing result of
“16i dad ggp anh va chi coa cau™ 1 $_ BT

Complex compound sentences, like “Vi tridi mua |
rit to va gié rit manh nén t6i nghi® (Because it | . i Wi
rained very heavily and the wind was very strong, [ i " gilig PRV T T PR s
wias absent) may have many reésults, To parse such

; _ (He logks more like a teacherthan an engineer)
sentences, relationships between clauses muost be

recogmzed and each clacse must be parsed separately, Figure 16. Result of parsing

It requites a more complex model, “ank &y giong gido vién hon laky s’
“DT_BT+ We collected sentences from papers on the Tnternet
: LBT_E! = concernmg the literature, sports, news. Before testing,
r i | we removed all the punctuations from the sentences
| i +BT DT+
1 ; Ty and removed the incorreet sentences from  word
Tod 1 g T nlé

segmenter. Sentences with commas are out of our
(l go-home) scope. The total of sentences is 100

=3k
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ki Tk i &t thidh Thps bos

(Yesterday's banguet was a great suceess)

Figure 17, Result of pavsing
“hita tige figm qua la mor thanh cong lom”
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(Because you were nof diligent, vou marks are low)

Figure 18. Result of p.::r.nng
“heri vi edu khdng chim nén diém cia cdu rat thip "

The followmg table 3 shows the results of our test.

Table 3. Result of tesis on sample set

Number of sentences 100
Average number of words in each sentence B
Number of correct sentences )
Percentage of cocrect parsa 12%

In [6], sentences were broken up into smaller ones,
the average number of words 15 4.53. In our test, we
still keep complex sentences (without conuma) and try
1o parse them as a whole.

Table 4. Number of semtences in each paper.

No | Tile MNuamber of
— : erienivey |
1 Fabregas (hé khién ML phai din ngay 29
ding gquang
2 TnfuT:Eum:rmm ‘thoa thudn vai Hin L0
3 I'-...'tll-[:a. I:J'l&l:l deén Chelsen o Mmlmu 16
4 Leadi npuin co the vt :hung.' 13
S | KHhi con méi phyc kich k& di sin 27
b thmgc:m khi phat sanp diu ién wén the 11
Tn::uml BE

Vilieme E-1, No.4(8)

Table 3. Parsing results of above papers

I Paper | Number of incorrect sentences Number. of
No cotrect

| h}rwmd segnienter h;.r link pisrser St

| 13{44.5%) _10{34.5%) b LEH_.T'#'E]

2 5 (50% 3 (30%) ns)
=¥ T (43.8%) _3(13 __;p
4 6 (46.2%% 5 (38.5%) 2{15.3%

5 - 6 (37,3%)

fr 1%8) T(33.3%
{_Toeal SOR45%) !5 31.5% 20(23.4%

With several papers selécted randomly from site
viexpress.net, the parser worked less effectively.

Most of mncorrect sentences given by the link
parser were complex compound senlences with at
least two independent clauses and one or more
subordinate clauses.  This motivates ns .t  the
development of a new model to parse complex
compound sentences. |

V. CONCLUSION

We have created a Jink grammar for Victnamese.
RBased on such grammar, the link parser is applicable
o parse simple sentences. It also parses compound
sentences with two clauses. Sentences winch were not
able to recognize or were recognized faisely are:

- Too Jong sentences consisting of many clauses or
(oo complicated links between phrases.

- Senlences using a grammatical phenomenon that
have not been handled yet,
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