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Abstract

This paper addresses the problem of Thai
unknown word boundary identification. Unknown words
are becoming main problem in many tasks of Natural
Language Processing such as word segmentation,
information retrieval and part of speech tagging etc.. In
Thai, as words are written consecutively without
delimiters, finding unknown word boundary is difficult.
We proposed a feature-based approach to identify Thai
unknown word boundary. A feature can be anything that
tests for specific information in context around the target
unknown words. To automatically extract features from a
training corpus, we used a machine learning algorithm,
namely Winnow.

1. Introduction

Unknown words are the main problem in tasks
of Natural Language Processing such as word
segmentation, information retrieval and part of speech
tagging etc. The problem of unknown word is more
serious in languages which have no explicit word
boundary such as Thai, Japanese, etc. because its
occurrence may make surrounding words incorrectly
recognized and itself may be wrongly identified.
Unknown words can be categorized into two types;
explicit unknown word and hidden unknown word [6].
An explicit unknown word is an unknown word of which
no any substrings are known words in a dictionary. A
hidden unknown word, on the other hand, an unknown
word of which some substrings are known words. In this
paper we focus on unknown words which are proper
nouns because most unknown words are proper nouns.

To solve the problem of identifying Thai
unknown word boundary, we propose a feature-based
approach. Although feature-based approaches[2,5] have
already been applied in several fields of Natural
Language Processing, they have not been considered in
unknown word boundary identification. A feature can be
anything that tests for specific information in the context
around the target unknown word, such as context words
and collocations. The idea is to learn several sources of
features that characterize the contexts in which each
unknown word tends to occur. We then combine these
features to identify unknown word boundary by selecting

the segmentation of known and unknown words that
yields the most probable sequence of words for a given
context. The Winnow algorithm is employed in our task
for extracting such features.

2. Problem of Unknown Word Boundary
Various forms of unknown words are caused by
the combination of known and unknown strings. For
example, the various forms of unknown words are shown
in Figure 1.
UKU UKK

KUKK UK KU KKK

Figure 1 :Unknown word forms

In Figurel, U is an unknown string and K is a known
string. According to unknown word forms, an unknown
word is classified into two main categories.
1. Explicit unknown word
An explicit unknown word is an unknown word
of which no any substrings are in a dictionary.
Examples of explicit unknown word are listed
below.

nNnu.
Tadd
-4
quy.
2. Hidden unknown word
A Hidden unknown word is composed of words

in the dictionary. A hidden unknown word is
classified into 2 subcategories.
2.1 Partially hidden unknown word

A partially hidden unknown word is
composed of known words and unknown strings

for example,
quil -2 qnil
4 d
ADINIA 9 AT NIA

Tulasweud =2 'lulas we Wa

where “2” means “is composed of”,and bold
strings are known words.
2.2 Fully hidden unknown word



A fully hidden unknown word is composed
of only known words such as

auY eau Fiatd]

NUNNT enun Nn3.

According to the characteristic of unknown
words, we propose the methods to generate
candidates for the explicit and hidden unknown
words below.

2.1 Generating Candidates of Unknown Words:

We propose two heuristics to generate
candidates for both types of unknown words. After all
candidates are generated, the best candidate will be
selected by Winnow. Winnow will be described in the
next section.

Handling Explicit & Partially Hidden Unknown Words:

In the case that a string does not exist in the
dictionary, candidates of unknown words will be created
by merging words around that unknown string and the
string itself into a new string. All combinations of +/- K
words around the unknown string are used to generate
candidates. We can define the equation for creating
unknown word candidates as in Figure 2.

In case that there are many unknown strings, the
nearby unknown strings will be grouped into a single
unknown string for using as a candidate if they are
separated by a word having less than three characters.

Sentence = wiwa.. waUws...Wn
where wi € Dictionary, U ¢ Dictionary
n = number of words in the sentence.

UNK ={aUB|ac 4,fcB }
where UNK = set of unknown word candidates.
A4 ={waia,ic|0,K] }U{e}
B = { Wb, b+i, I € [O,K] }U{&‘}

Wi, j =Wi..Wj (i<]j

¢ =nullstring., K = constant value

Figure 2: Equation for generating explicit and partially
hidden unknown word candidates

Handling Fully Hidden Unknown Words:

On the other hand, if all words are in the
dictionary, it is more difficult to detect the unknown
words.

Let Sentence = wyw,...w, be the input sentence,
w; be a word in the sentence, and ¢ be the part of speech
of the word w,. The word that will be selected as an
unknown word candidate is:

Sentence = wiw2..Wa... Wn - 1Wn
where wi € Dictionary
n =number of wordsin thesentence.
wa is the word that has probabiliy less than threshold

UNK ={ aWp|ac A, B }
where UNK = set of unknown word candidates.
A ={wa-ia-1,i€[0,K] }U{e}
B ={wa+1a+,ie[0,K]}U{e}
Wi, j=Wi.. W I<]j
W =wa P(wa| ta) < threshold or
We {Wa ~2.Wa- 1,Wa} : P(ta|ta—1,ta-2) < threshold

¢ =nullstring. K =constant value

Figure 3: Equation for generating fully hidden
unknown word candidates

¢ the word that has P( wit, ) less than a threshold,
or
¢ the word that has P(#t.,t2) less than a
threshold.
In case that P( w;|#; ) is less than a threshold the
w; will be considered as an unknown word. In case that
the probability P(#]|#.1,.0) of wj is less than a threshold,
not only w; but also w;; and w;, must be considered as
unknown words because the less-than-threshold
probability of w; may come from w,; or w;,. We can
define the equation of creating unknown words as in
Figure 3.

3. Winnow Algorithm

Winnow algorithm used in our experiment is the
algorithm described in [1]. Winnow is a neuron-like
network where several nodes are connected to a target
node. Each node called specialist looks at a particular
value of an attribute of the target concept, and will vote
for a value of the target concept based on its specialty;
i.e. based on a value of the attribute it examines. The
global algorithm will then decide on weighted-majority
votes receiving from those specialists. The pair of
(attribute=value) that a specialist examines is a candidate
of features we are trying to extract. The global algorithm
updates the weight of any specialist based on the vote of
that specialist. The weight of any specialist is initialized
to 1. In case that the global algorithm predicts
incorrectly, the weight of the specialist that predicts
incorrectly is halved and the weight of the specialist that
predicts correctly is multiplied by 3/2. The weight of a
specialist is halved when it makes a mistake even if the
global algorithm predicts correctly.

In our experiments, to train the unknown words,
we select all sentences containing proper nouns and
consider those proper nouns as unknown words. The
context around the proper noun is used to form features
in identifying that the proper noun is an unknown word.
Similar process is done for known words which are all



words not being proper nouns. The features used are the
context words and collocations. Context words are used
to test for the presence of a particular word within +/- 10
words from the target word. Collocations are a pattern of
up to 2 contiguous words and/or part-of-speech tags
around the target word. After Winnow is trained, the
resulting network is used to rank the score of candidates.
The best score candidate will be selected as the answer.

4. An overview of the system
Our algorithm for identifying unknown words consists of
four steps as follows:

1.

Word Segmentation

For each input sentence, probabilistic trigram
model [4] is applied to separate the sentence into
words and assign their parts of speech, and N-best
segmented sentences are then selected as
candidates. The probabilistic trigram model, that
generates the N highest probable sentences, can be
described formally as following:

Let C = cjc;...c,, be an input character string,
W, =ww,.w, be a possible word segmentation,
and T; = tit,..t, be a sequence of parts of speech.
Find W,W,. Wy which are the N-highest
probability of sequence of words. We can compute
P(W) in the following fashion:

PWi) =Y PVi.Ti)

1
= [ Ptilti-vii-2*Pwi|n)
T i

where P(t|t.; t.;) and P(wjlt) are computed
from the corpus.

)

For example, let C = “{fu'lﬂl,ﬁmﬂymﬂﬁaaqﬁ'u
L‘ﬁau”. The results of our word segmentation
algorithm of which the format is wy/t; wo/t, ... wy/t,
are shown as follows:

Lo s devs 1fmﬂ/t4 Wits aoy/ts N/t

Lﬁau/zg

1L s/, Nl e/ ﬁyw/m an/ts 1/ts a0ty M/t

Lﬁau/zg

The word @@9 is an unknown string and ¢, is an

appropriate part-of-speech tag of each word.

Generating Candidates of Unknown Words

From the result of step 1, generate all
candidates of unknown words by the explicit and
hidden unknown word heuristics described in
Section 2.

For example, the sentence (I) from step 1, we
found the seventh word, a@4, is an unknown string.

Therefore we use the method for handling explicit
& partially hidden unknown word which is
explained in section 2. Unknown word candidates

Y v
are apy, Niaey, Wwniiaoy, aoyiy, aegAume,

]
1% = 1Y =

Y Y
apgiy, Nasgruiion, Wianiasyiy and AN

=)

@

oy e where K, U .4 and B in Figure 1 are 2,

=)

v v
aey , {& 0, thani} and {& iy, fueu}

respectively. All the sentences will be processed in
the same way. After that we get all the unknown
word candidates for every sentence which are
generated by the word segmentation.

Tagging Part of Speech

The new sentences will be formed by
combining candidates that are obtained from step 2
with the rest of words in the old sentence. The part
of speech of words in each sentence will be
reassigned by the trigram tagger. The unknown
tokens are assumed to be the proper noun. Part of
speech trigram can be defined as the following:

Let W be a sequence of words wi..w, and T; be

a sequence of part-of-speech tags t;..t,. Find T that
maximizes P(T; | W):

T =argmax P(T:| W)
T.

: 2)
=argmax P(ti|ti-,ti-2)* P(wi| t})

i

For example, in sentence (I) from step 1,
unknown word candidates are created by the
procedure in step 2. In this step, the new sentences
are shown as follows:

L s e e °L‘iywssm/t4 #i/ts a0/ NPRP
AU/t i DU/t

v, s, b e ﬁywssm/t4 e/ NPRP 1)/,
Lﬁau/zg

v, swe W @evs ﬁmnﬁaacg/NPRP 1/t
1:17}61,1/16

VL s/, Nl e 1‘fmﬂ/t4 #1/ts a0 N/ NPRP
Lﬁﬁ]u/h

VIL e W e ﬁymﬂ/a Wits avgn

W/ NPRP



Explicit & Partially Hidden
Unknown Words

Fully Hidden Unknown Words

Training Set Test Set Training Set Test Set
Detect 100.00 % 100.00 % 87.82 % 83.25%
Winnow 95.26 % 92.75 % 80.68 % 74.26 %

Table 1: The results of our approach.

v v
vin swi 1 Wy e, faegiu/NPRP
1R/t
o A H a v
IX. aut "l,iJ/z2 MY U/, Nagnu
IWoW/NPRP
X. swr /e @eve danfiaegiu/NPRP
1R/t

XL 8w/, /s Meove hanflaegiuiew/ NPRP

where 1, is a part-of-speech tag and NPRP is a
proper noun tag. The sentence (II) can be processed
in the similar manner.

4. Predicting by Winnow

Sentences from step 3 will be sent to Winnow
to rank the sentences, and the sentence with the
highest score will be selected as the answer.

For the example in step 3, Winnow will select

the best- score sentence that is the sentence (IV); RU

v v ¥
1) iign 1han e A 1ew, will be selected as

the answer.

5. Preliminary Result

5,000 sentence corpus were used in our experiment.
Every sentence is manually separated into words and
their parts of speech are tagged by linguists. The
resulting corpus is divided into 2 parts; the first part
about 80% of corpus is utilized for training and the rest
is employed for testing. To measure the performance of
our approach, we classify them into two groups. The
first group is an explicit and partially hidden unknown
words and the other is fully hidden unknown words.
First, we count the number of unknown words in each
group. Next we calculate the percentage of unknown
words which can be detected by our approach. Finally,
we calculate the percentage of selecting the correct
answers by Winnow. The result of our experiment is
shown in Table 1.

6. Conclusion

The experimental result shows that explicit and
partially hidden unknown words can be completely
detected but fully hidden unknown words can be
detected about 83%. Context words and collocations
can be effectively used to find the boundaries of
unknown words, and Winnow is an efficient algorithm
to apply in our task. In future work, all types of
unknown words including misspelling words will be

investigated and we will find the more efficient method
to detect fully hidden unknown words.
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