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Abstract

In this paper, we introduce a POS tagging method for Taiwan Southern Min. We
use the more than 62,000 entries of the Taiwanese-Mandarin dictionary and 10
million words of Mandarin training data to tag Taiwanese. The literary written
Taiwanese corpora have both Romanized script and Han-Romanization mixed
script, and include prose, novels, and dramas. We follow the tagset drawn up by
CKIP.

We developed a word alignment checker to assist with the word alignment for the
two scripts. It searches the Taiwanese-Mandarin dictionary to find corresponding
Mandarin candidate words, selects the most suitable Mandarin word using an
HMM probabilistic model from the Mandarin training data, and tags the word
using an MEMM classifier.

We achieve an accuracy rate of 91.6% on Taiwanese POS tagging work, and we

analyze the errors. We also discover some preliminary Taiwanese training data.
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1. Introduction

1.1 Background

There are about 46 million Southern Min speakers in the world. If we list languages by the
size of their speaking population, Southern Min is ranked 21. The Southern Min speakers are
mainly distributed in eight countries(Gordon, 2005). It is an important language that has

received very little attention.

The percentage of Southern Min speakers in Taiwan was over 70% (Huang, 1995).
Taiwan has the highest percentage of Southern Min speakers in the world. We will call this

language as “Taiwanese” for simplification in this paper.

Many different types of written Taiwanese systems exist. Among these systems, the Han
character script and one of the Romanized scripts (Peh-0e-j1, | IE—FIQ", abbrev. POJ, vernacular
writing) are the most popular. Also, the mixture of the above two scripts, called the
Han-Romanization mixed script (abbrev. as HR mixed script), has been adopted by many
people (Iunn, 2009).

1.2 Motivation

In order to establish the bases of written Taiwanese processing, we have constructed some
tools over the past few years, including an online Taiwanese syllable dictionary (Iunn, 2003a);
an online Taiwanese-Mandarin dictionary (abbrev. OTMD) (Iunn, 2000, 2003b); a 5,800,000
syllable HR mixed script and 3,400,000 syllable POJ script Taiwanese corpus; the online
Taiwanese concordancer system based on this corpus (Iunn, 2003c; Tunn & Lau, 2007);
preliminary Taiwanese word frequency reports for the Taiwanese POJ and HR mixed scripts,
based on the above Taiwanese corpus (Iunn, 2005); the digital archive database for written
Taiwanese (abbrev. DADWT) literature data with POJ and HR mixed script paragraph
alignment (Iunn, 2007); etc.

We intend to annotate the Taiwanese corpus with POS markers for more advanced
applications, including Taiwanese tone sandhi TTS system improvement (Iunn et al. 2007),

Taiwanese Treebank construction, etc.

1.3 Problem

The primary difficulty encountered in the POS tagging of Taiwanese corpora is the question,
“What is the Taiwanese POS tagset?” To date, no standard tagset for Taiwanese has been
proposed. Under the circumstances, we have temporarily employed the Chinese POS tagset
established by the CKIP Group of Academia Sinica (CKIP, 1993). Unfortunately, we still

encountered some problems because we did not have a Taiwanese dictionary that contained



Modeling Taiwanese POS Tagging 239

Using Statistical Methods and Mandarin Training Data

the Mandarin POS tagset. The existing Taiwanese dictionaries merely contain basic
vocabulary words, that is, nouns, verbs, adjectives, etc.

Moreover, there was another problem to surmount — manpower shortage. We did not
have enough manpower to fully execute the POS tagging of the Taiwanese corpora.

Therefore, we proposed employing statistical procedures with the existing Mandarin
resources and the OTMD to automatically complete the Taiwanese POS tagging. We used the

Mandarin language model under the assumption that the word sequence in Taiwanese is
similar to Mandarin.

1.4 Review

Shi (2006) translated the Mandarin sentences in the book, “Modern Chinese 800 words ‘7l (*
i@?ﬁ "1’ ” (by Shu-xiang Lii) into Taiwanese and Hakka to establish the T3 corpus and
developed some editing tools to help in the construction of the T3 Treebank. Chou (2006)
used the Brill tagger based on the HMM model to tag words in the T3 Treebank. They used a
tagset size of 26, and attained tagging accuracy rates of 92.80% and 85.59% for the training
and test data, respectively.

T3 Treebank has not been released publicly. Thus, we decided to use different tagsets
and different tagged corpora in our experiments.

2. POS Tagging Method

Figure 1 shows our system architecture diagram.
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Figure 1. Taiwanese POS Tagging System Architecture Diagram
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At first, the text contains both POJ and HR mixed scripts with paragraph by paragraph
alignment. Step 1 converts the texts to word alignment form. Step 2 adds the Mandarin
candidate words (translations). Step 3 selects the best Mandarin translation using the HMM

model. Finally, we decide the POS tagging of each word using the MEMM model. The
following subsection will describe this process in detail.

For example, the original texts are
“Tai-6an té-it koan & Giok-sané hi-kin khah k& & so-chai...” and
“’F‘ﬁﬁ‘ B} Booe = e [T irf x & Hrg oL

Taiwan first high of MtJade of nearby more low of place

Step 1 converts the texts to word alignment form:
“’F"[%ﬁ‘/Téi-éan JY— /te-it Ygkoan /& = |I]/Giok-san ¢&/& [ /T/hi-kin
fi/khah ke &/& FHrit/sd-chai...”

Then, Step 2 adds the Mandarin translations:

“F i/ Tai-Oan{f (W9} BT fe-it{Y- TH} Rivkoan () e/e{fivy = 1T
/Giok-san{= [I[}

/e {fivy [y T/ma-kan {[ff¥T} f/khah{fit} (®/ke{[S} e&/{iv} Frit/so-chai(-

%_;
Bty L T R L )

Step 3 selects the best Mandarin translation using the HMM model (we omit the original
Taiwanese texts):

“’Ffﬁﬁ Cae T R T C P - T (s A

Finally, Step 4 decides the POS tagging of each word using the MEMM model:

“ ’F“[ ¥#/Tai-6an(Nc) 53— /te-it(Neu) Hf/koan(VH) &/&(DE) = [/ Giok -san(Nc)
é/é(DE)

[ 7/hi-kin(Nc) §/khah(Dfa) [%/k&(VH) &/@&DE) Mrit/so-chai(Na)... ”

We will illustrate our work with Figure 1 in the following subsections.
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2.1 Origin of the Corpus

The corpus we chose is part of the DADWT project achievements of the National Museum of
Taiwan Literature. It contains both POJ and HR mixed scripts with paragraph by paragraph

alignment, including novels, prose, dramas, and poems (ITunn, 2007).

2.2 Word by Word Alignment

First, we developed a word alignment program to aid manual processing. We arranged the
word alignment of the two scripts, where the paragraphs were already aligned. This program
not only collates the number of syllables in the two scripts, but it also compares and contrasts
the two scripts with the entries of the OTMD. If the program does not find the two scripts
within the same entry, it highlights the corresponding words to remind the user that the word
may be an unknown word, an inconsistent usage of the Han character, or a typographical

C€rror.

The OTMD was announced and has been online since 2000. The main data provider is
Robert L. Cheng, but many anonymous contributors also offer entries and correct the
typographical errors. There are a total of more than 62,000 entries. The URL is
http://iug.csie.dahan.edu. tw/q. This dictionary offers POJ, HR mixed script, and Mandarin
fields, with the POJ field also offering the different accents. The pronunciation function was
added in 2006, and English translation was added to more than 10,000 entries in 2007 based
on Embree (1984), which contains English, Mandarin, and POJ fields.

2.3 Finding the Corresponding Mandarin Candidate Words

Next, we continued to search for the corresponding Mandarin candidate words from the POJ
and HR mixed script word pairs via the OTMD. The mapping was one-to-many. In short, a
Taiwanese word pair would have more than one Mandarin word counterpart. For example, “%
/ai” in Taiwanese has the meanings of “&”‘love (person),” “Fi ¥ ‘like (thing),” “fo!I” ‘want
to,’ “?TE)I”‘need to,” etc. in Mandarin. Nevertheless, we were not able to find counterparts for
certain words, since they were not contained in the OTMD. We also found some that had
different HR mixed script usage.

For instance, the Taiwanese word that appears as “§i fgr/khah-ia” ‘more than’ in the
corpus appears as “khah f/khah-ia»” in the dictionary. With regard to problems of this nature,
we applied the following solution. If the POJ and HR mixed script word pair could not be
found, we temporarily removed the HR mixed script and searched for the Mandarin word
counterpart again using the POJ script. If the characters of HR mixed script were all Han
characters, we regarded the Han characters as one of a Mandarin candidate word (assuming

that the word is common to both Taiwanese and Mandarin).
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This method might increase the number of the Mandarin candidate words, especially for
single syllable words. For instance, the word pair “§8/chdoan”‘turn’ appears in the text. We
could not find an entry that contains both “{#” and “chdan” in the OTMD. The corresponding
Mandarin translations of “chdan” in the dictionary are “4=>’twist’ and “ =" ‘up’. We added
“PEI”“turn’ as the supplementary Mandarin translation, but the meanings of these three words
differ.

Table 1. Partial Entries of the OTMD

HR Mixed Script POIJ Script Mandarin Translation
chdan choan b
£ chdan e

Note: There exists not “iEl/chdan” entry in the OTMD. The Mandarin
translation of “§8/chdan” will be “},” “ = and “l”

If the strategy was still unable to find any results, the HR mixed script was directly
recognized as the Mandarin candidate word. For instance, no dictionary entry was found for
the word pair appearing as “F |*)/i0-héng”*tangible’ in the text, neither could one be found in
the search using the POJ script “ia-héng.” So, the HR mixed script “F 1% was directly
recognized as the Mandarin candidate word (Lau, 2007).

2.4 Selecting the Best Mandarin Translation
We employed the Hidden Markov Model and Viterbi algorithm, and we made use of the

bigram word training data of the ten-million word balanced Sinica corpus of the CKIP Group
of Academia Sinica to select the most appropriate corresponding Mandarin word from the
Mandarin candidate words. Figure 2 is an example. The selected words are boxed and bold.

Taiwanese =/ Fihl/ s =1 ]/ i H/
Word Tui ko —cha i-lai khim il che-che khoan
‘from’ ‘ago’ ‘since’ ‘instrument’  ‘has’ ‘many’ ‘appearance’
w, w, B w,

Col\r/r[zi%(:;ging J_é—:\:f YV12 ?l Ik,ngz Wi, ﬁ Wy, W51 ?#&Wﬁl = W,
Word(s) o wy o i Rw, We2 R W
e Wy ﬁfi—ﬁlj W, ! b
W, =W, W, =W, Wy =W, W, =W, W, =W; W; =W, W, =W,
Figure 2. An Example of Selecting the Best Mandarin Translation

Assume that a particular sentence contains m words. The first word, W,, is selected from
the candidate words of W, ,W,,,...,W,, ; the second word, W,, is selected from the

candidate words of w,,W,,,...,W,, ; and the m™ word, W, , is selected from the candidate
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words of W_. W

mi> Wiz seees Wiy S= W,W, ---W, , which is the most probable word sequence, is

selected from the candidate words, such that P(§ =W,W,---W, ) is maximized.

The HMM assumes that the word W; is only influenced by the previous word W,_, ,
thus:
P(S =W, Wo) = pew) < T TP(w | W) O
i=2

A

Therefore, it searches for the word sequence S =w,w, ---W,_, which maximizes
m
logP(W,) + > log P(W, | w;_,) @
i=2
We use the Laplace smoothing method to solve the problem of P(W; |W;_;) =0, where
no bigram of W, W, could be found in the training data in other words. It should be noted

that the word string S may not be a legal Mandarin sentence.

In practice, we use the Viterbi algorithm to eliminate repeated computation and reduce
the time complexity from exponential time to polynomial time. If a sentence S has m words,
and every word has n candidate words, the time complexity will be O(n™). The Viterbi
algorithm reduces the time complexity to O(n? xm) (Manning & Schiitze, 1999).

2.5 Selecting the Most Appropriate POS According to the Corresponding
Mandarin Word

We applied the Maximal Entropy Markov Model (MEMM) to the POS tag selection.

Manning and Schiitze (1999) stated that “Maximum entropy modeling is a framework for
integrating information from many heterogeneous information sources for classification. The
data for a classification problem is described as a number of features. Each feature
corresponds to a constraint on the model. ...Choosing the maximum entropy model is
motivated by the desire to preserve as much uncertainty as possible.”

MEMM includes a set of possible word and tag contexts, or “histories” (H), and the POS
tagging set (T):

k

p(h,t) = ﬂ,uH ajf’(h’t) (3)
j=1

where heH,teT , & is a normalization constant, {ﬂ,al,.,_,ak} are the positive

f,} stands for the features fj(h,t)e{O,l}. Parameter ¢
corresponds to the feature f,. The parameters {y,al,,,,,ak} are then chosen to maximize

model parameters, and {fl,,,,,

the likelihood of the training data using p:

L(p)=ﬁ p(hi,ti):ﬁ”yﬁa;;(hm W
i=1 i1

i=1
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As for the POS tag 1; of the target word W, we selected ten features including:
W,

i+1

(a) Words — five types of feature patterns: W, ,W,_, W, ,W;_;, W

i+12

i-19 i-19 Wi+2 :

(b) POS — two types of feature patterns: t; ,,t; ,t;_;.

(c) Morpheme — three types of feature patterns: m,,m,,m, .

The feature patterns m;,m,,m, are designated to manipulate the unknown words. If
Wi
W, =mm,---m

word, the three morpheme features are set to null. Moreover, if W, is at the beginning or end

is an unknown word, we segment W; with a maximal matching strategy; thus,
, and, under certain circumstances, m, =m, =---=m,. If W, is a known
of a sentence, certain features are likewise given a null value. For instance, when i=1, the
feature values of W, ,,W, ,W,_,t, ,T, ,t; |, etc. are also null (Berger et al., 1996; McCallum
et al., 2000; Rabiner, 1989; Ratnaparkhi, 1996; Samuelsson, 2003; Tai, 2007; Tsai & Chen,
2004).

In MEMM, the dependencies of observations are flexibly modeled whereas HMM
assumes that observations are independent. We think MEMM is more suitable for the POS
tagging task.

We used the “Maximum Entropy Modeling Toolkit for Python and C++” package
provided by Zhang Le to implement our system (Le, 2003). The ten-million word POS tagged
balanced Sinica corpus of the CKIP Group was used as the training data. Several million
features were expanded from the ten features mentioned above, and the training time was
about two days on Windows Server 2003 x64 SP2 with an Intel Xeon 3.2GHz processor
(Quad-core), 8G DRAM.

3. Results

We used the aforementioned method to perform the Taiwanese POS tagging task; nevertheless,
as no standard answers were available to gauge the accuracy rate, we extracted partial results
and checked them manually. The primary consideration of the manual checking procedure was
the Chinese Word Segmentation and Tagging System of the CKIP group of Academia Sinica
(CKIP, 2004). We selected fourteen literary works belonging to three different eras — the
Ching Dynasty, the Japanese-ruled Period, and the Post-war Era. These literary works were in
the form of prose (seven), novels (five), and dramas (two). We selected the first paragraph
from each composition, or, if the length (number of syllables) of the first paragraph was less
than 60, we selected the second paragraph.

number of tagging errors

) 100% (5)
number of total words

accuracy rate =(1-

The test data list is shown in the Appendix. Table 2 shows the test data selected for
manual checking. The number of syllables, words, and incorrectly selected Mandarin words,
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as well as the POS tagging inaccuracy of each paragraph are noted.

A total of 1,038 words (1,496 syllables) were selected, and manual checking showed that
90 words had been incorrectly selected and 87 words were found to have inaccurate POS
tagging, thus placing the average POS tagging accuracy rate at 91.6%. It should be noted that
sometimes, even when the corresponding Mandarin word selected was inappropriate, the POS
tagging result was still accurate. On the other hand, an appropriate or correct corresponding

Mandarin word did not always have accurate POS tagging.

Furthermore, sometimes one Taiwanese word would correspond to two Mandarin words.
For instance, while the Taiwanese word “EE?TE/piah-téng” ‘on the wall’ is treated as only one
word, the Mandarin translation ‘?"fﬁf = should be treated as two words. There are also
occasions wherein two Taiwanese words would correspond to only one Mandarin word
counterpart. For instance, the Mandarin counterpart of the Taiwanese words “Tiong-kok/[|!
[ ‘Chinese’ and “ji/4"” ‘character’ was “[[1[B7".” The former is processed as an unknown
word, whereas the latter, which was separated into two independent words, was processed as
two words. In these types of cases, if the POS tagging was accurate, we still regarded the

results as accurate. If they were to be regarded as incorrect, the average accuracy rate would

drop by around 2%.
Table 2. Tagging Accuracy Rate of The Test Data
@ | sylables | words | P | emors | ey

1 162 109 9 6 94.5

2 66 46 4 3 93.5

3 180 119 6 8 93.3

4 122 88 3 6 93.2

5 74 51 4 1 98.0

6 75 49 7 7 85.7

7 112 87 13 12 86.2

8 101 77 7 9 88.3

9 133 93 7 9 90.3

10 116 82 3 3 96.3

11 94 59 7 5 91.5

12 92 61 10 10 83.6

13 77 59 8 4 93.2

14 92 58 3 4 93.1
Totally 1,496 1,038 90 87 91.6
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In Table 3 (following), examples of actual POS tagging results are shown. It is a part of
id 11. In this table, the first field is the HR mixed script and POJ script (contained in brackets),
and the second field is the Mandarin candidate word(s). The “@” symbol preceding the word
indicates that no entry has been found for the Taiwanese word shown in the first field; hence
the HR mixed script automatically served as the Mandarin candidate word. The third field
contains the selected Mandarin word, and the final field contains the selected POS. All of the
incorrectly selected Mandarin words or incorrectly selected POS tags are underlined and
segregated by two asterisks “**” preceding the word. The correct POS tag, contained in

parentheses and shown in bold type, is then added after the incorrect POS tag.

Table 3. Example of POS Tagging Result

Taiwanese Mandagi\rfloﬁiasndidate SleeOC:gd POS tagging

*5[goa] T S %y Nh
}{ﬁ]’ [chiong] ‘let’ }-{ﬁ' }{ij’ D
E1"6 [chhau-bo-4] ‘straw hat” | @& EE Na
Hi[koa] ‘hang’ iﬁ’?;}ﬁ;%ﬁ? Rl VC
1 [t1] ‘at’ T T P
H#"Ti[piah-téng] ‘on the wall’ ;”%}ﬂ?f ;”%}E%f Nc

' L] ) ) CommaCategory
¥ % [héng-1i] ‘baggage’ e =% Na
khéng[khéng] ‘arrange’ uﬁﬁ,ﬂ%gﬁ JP?F‘, VC
khéng[khéng] ‘arrange’ uﬁﬁ,ﬂ%gﬁ JP?F‘, VC
leh[leh] ‘(modal particle)’ ] ) T

L] ) ) CommaCategory
*[che] ‘sit’ NS e VA
toa[toa] ‘at’ 5 SES **VCL(P)

| ’Ff‘,[si()-tiém] ‘store’ @1 FFF[ a5 ’Ff‘, Na
é[e] ‘of” fi 5] DE
tha-thd-mi[tha-tha-mi] ‘tatami’ iﬁﬁiﬁﬁ} iﬁiﬁij% Na
“F1 koan[téng-koan] ‘above’ R el Ncd

' L] ) ) CommaCategory
% 1[khoa] ‘see’ £ d VC

?iﬁ Jf [thang-goda] ‘outside the @?’i, it ?i,”ﬁ]f Nc
window’
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é[€] ‘of” p 5] DE
%%J [kong-kéng] ‘scenery’ Eﬁ‘%;;?n%};%?t@‘?t **ﬁ " | Na

P F
L] ) ) CommaCategory
% 1[khoa] ‘see’ Tl d vC
8 [khi-khi] ‘up’ @u e +#Nb(VA)
%% [1oh-16h] ‘down’ @i&T% &1k VA
é[e] ‘of” fi 5] DE
Yaiipi[hai-éng] ‘wave’ VAL YA NORE!S Na
' L] ) ) CommaCategory
AL [in-Tii] ‘because’ FIORS P ES [RER, Cbb
= fﬁ [tan-thai] ‘wait’ ‘F-’f ?ﬁ = ?ﬁ = fﬁ VK
HH% [péng-ia] “friend’ A A A A Na
' L] ’ ) CommaCategory
-~ [sim-sek] ‘pleasant’ e i Sepd R | VH

i sTa R g SRS
=i [sim-sek] ‘pleasant’ e i Sepd R | VH

i sla R g SRS
' L] ) ) CommaCategory
R ' [khin-khin-a] ‘lightly’ LISTISEN) LISE ISR **Nb(D)
<[141] ‘toward’ &S &S D
%ﬁ[tia’lm] ‘light® %ﬁ%gﬁg’!ﬁ %![‘ VC
~ 3 [chit-ki] ‘a’ @- ¥ -3 Na
T3 [lidng-lidng] ‘cool’ (ﬁ{ﬁ,?ﬁlﬁﬁ ;“F:‘;{_ﬁ{_ﬁ | VH
&[é] ‘of” 5] [y DE
## [kin-chio] ‘banana’ Fﬁé Fﬁg Na
#i[hun] ‘tobacco’ Fﬁ:ﬁ”}‘,ﬁ@;;ﬁ F‘,@ Na
o [.] o ° PeriodCategory

4. Error Analysis

This section discusses how a more thorough check was performed to analyze the error

conditions.
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4.1 Selection of Inappropriate Mandarin Word

An analysis of the errors made in the selection of Mandarin words or POS tags revealed that

the selection of inappropriate Mandarin words led to POS tagging errors in 25 cases. Table 4

shows the incorrect Mandarin words selected and their respective POS.

Table 4. The Selected Incorrect Mandarin Words and Their Respective POS

Selected Mandarin

More appropriate

Word word and POS Mandarin word and POS Remark
ifl/ah §Fiﬁ‘lﬂ(D) ‘compel’ #FI(VC) “take into custody’
bat/bat HF(VK) “know’ ﬁ(D) ‘ever’
£ /bd (D) ‘not’ 127%](V)) ‘not have’ 2 times
chham/chham | #(P) ‘and’ $%(VC) ‘accompany’
:é—h{ i Va=1e 3 ) . = 3 )
/EE 1{ chéng L F(Ng) ‘before [l (P Nes) “forward
o . — B ‘thi i
iﬁ?’ﬁ/ohlt-hé iﬁ?f‘%i(VH) ‘such’ szﬁ £ (Nep Nf) “this kind 2 times
j#l/chdan _F(Ncd) ‘above’ {#l(Vac) ‘turn’ 2 times
It /gba It (Ng) ‘outside’ 19t (Neqa) ‘more’ 2 times

< E/idu-sill

4 IEF{fI’(Dfa) ‘very’

BI<(VH) ‘dead early’

*'J[l/ke

_F(Ncd) ‘above’

“%(Dfa) ‘more’

ff1fifi /ke-tat

ffi #H (VH) ‘worthy’

f’%} ffi(Na) ‘value’

Hll/kha

[#(DE) ‘(a numerary adjunct)’

" (Ncd) ‘under’

:FE{' hoav/fig-hoan

Z¥(D) ‘rarely’

3‘3?{[ (A) “light yellow’

fﬁi/(')a [#(P) ‘in accordance with’ ﬁjré(VJ) ‘lean against’
Yﬁ/(')ah k3 iﬁ(Na) ‘life’ iﬁ(VH) ‘live’

fﬁé 1f/phoa-siun

’ngi(VHC) ‘break’

51 (Na) ‘disabled’

A J#1/s¢-han

] E?JJ? fz(Nd) ‘in one's childhood’

F Z3(VH) ‘young’

HI

/sio-chioh-mng

EJ[P‘I (VC) ‘greet’

}“”?ﬁ '(VB) ‘say hello’

fﬁ/tah

#¥57(Na) ‘location’

%(VC) ‘construct’

#i#(P) ‘(an auxiliary confirming

“#(VCL) ‘come into

and stressing the verb following)’

tioh/tioh and stressing the verb following)’ | contact with’
% ioh HE(P) ‘(an auxiliary confirming (D) “need to’
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4.2 Absence of Appropriate Mandarin Translation in OTMD

There were fourteen errors made in inappropriate Mandarin word selection due to the absence
of an appropriate Mandarin word in the OTMD. This also led to errors in the POS tagging.
The discovery indicates the necessity of expanding the entries of the OTMD. Table 5 tabulates
these errors.

Table 5. Errors Caused by Absence of Appropriate Mandarin Word Option in OTMD

Taiwanese Selecteg}l/\;[taelrlrcllarln by Appropriate Mandarin Word Remark
chak/chak {EL(VF) ‘urge’ #(VC) ‘crowd’
chtin/chiin F(VC) ‘twist’ i1 (Nf) “(a numerary adjunct)’ 2 times
kah/kah #1(Caa) ‘and’ H (D,E) ‘a particle used after a 3 times

verb
leh/leh I(T) ‘(modal particle)’ 7+ (P) ‘doing’ 3 times
4f/soah ##i N (VHC) “finish’ Gl(D) “but’
teh/teh i (P)_ ‘(an indicator or “# (Di) ‘(an adverbial particle)’
location)’

"Fi/téng "H(VO) ‘lift _F(Nes) “(the first half part)’
tian-tia" / tian-tia» | i (D) ‘often’ [i=1(T) ‘just’
Hl / thg A(VC) ‘mediate’ #E(VAC) ‘turn’

4.3 Unknown Words from the Viewpoint of Mandarin

Ten of the POS tagging errors were made because the word was an unknown word. Parts of
these unknown words correspond to two Mandarin words. These unknown words are tabulated
in Table 6.

Table 6. Unknown Words from The Viewpoint of Mandarin

Taiwanese Word ﬁgggjﬁﬁn\?\gﬁ Siﬁ%;gtggs Correct POS
be :ﬁ/bé-é T ﬁ ‘be unable to’ Nb D
T Hd/bio-tian il temple square’ Na Nc (Na Nc)
£# /chiah-lau FH Cold’ Na VH
§#1"/choan-lidu {8l % “‘after turning’ VH VC Ng
- ¥EH/Gi-tan-oan - $£4% (a place name)’ VA Nc
1@ F/hoat-lut-siong | 3% & _F ‘jural’ vC N (Na Ncd)
ZERL/hui-0i ZE, ‘infamous conduct’ A N (A Na)
#57¢./kidbng-chi #57&. ‘exhaust the ambition’ Na V (VH Na)
IRZHRE " /khin-khin-4 R Py “lightly’ Nb D (VH DE)
4 =7 [sen-kian 4 =" ‘give birth to a child’ Na VA (VH Na)
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4.4 Propagation Error

Five of the POS tagging errors were probably due to the occurrence of a previous POS tagging

error. These are categorized as propagation errors and include one unknown word.

4.5 Other Cases

The personal name ““fp)” of ““Jk ah/Thian-st ah” (not an unknown word) which has been
tagged as “A” with the suffix “ah” tagged as “T” or “Di” (which appeared twice in all; once,

the selected Mandarin word was “[[*” and in other instance it was “17”).

The Taiwanese word “¥J/tui” under general circumstances is synonymous with the
Mandarin word “#§>‘from.” This word appeared ten times in the test data. The system selected
the Mandarin word “¥}”‘for’ eight times and the word “f{> twice for its counterpart.
Nevertheless, under both circumstances, the POS tag of the word was always “P”; thus, the

different word choice did not affect the accuracy of the POS tagging.

There were also 30 errors made that leave us unable to clearly explain the reasons. Table

7 lists some examples.

Table 7. Example of Some POS Tagging Errors

Word and Correct

Left Context POS POS Right Context id
thak‘read’(VC) peh-oe-ji
lun “discuss’ VE ‘vernacular writing’(Na) 1
(Na) khah-ian*better
than’(VJ) ...
sitl ‘be subjected to’(P)
cho ‘do’(VC) théi-lang ‘kill | hoan ‘criminal’ Na si-héng ‘death >
someone’(VA) (VO) penalty’(Na) é‘of’(DE)
7(Neu) lang ‘people’(Na)
lang*people’(Na) chit-¢ “once D chiah-lau ‘old’(VH) 3
(Nd)
khi-thau Nv chili*then’(D)

tui ‘from’ (P) chin‘very’(Dfa) tang 4

‘beginning’(VH) ‘waver’(VAC)

Ma-I1 ‘a person name’(Nb)

&'of(DE) lau-pe*father’(Na) si ‘dead’ (Dfb) VH &‘of”(DE) si‘time’(Na) 10

loh-1oh‘down’(VA)
khoar ‘look at’ (VC) khi-khi‘up’(Nb) | VA &‘of”(DE) hai-éng 11

‘tide’(Na)

fig-hoar ‘turned yellow’(VH) 16ng‘always’ (D)
ar‘n-tam dim’(VH) é‘of(DE) | chhid ‘shine’(D) | VC b&*not’(D) hiig*far’(VH) 12
16-teng‘streetlamp’(Na)
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4.6 Summary of Error Conditions

A summary of the causes of the errors made during the POS tagging and their frequency
percentages is tabulated in Table 8.

Table 8. The Reason of POS Tagging Errors

Reason Count | Percentage(%) Remark

Selection of Inappropriate

Mandarin Word 2 287

Absence of Appropriate 14 16.1

Mandarin Word '

Unknown Word 10 11.5

Personal Name 4 4.6

Propagation Error 4 4.6 |Includes an unknown word
Totally 57 65.5 |After discounting the repeat count

5. Discussion

5.1 Is Improvement Possible?

The ideal situation would be to resolve the foregoing errors and use this method to conduct the
Taiwanese POS tagging to achieve an accuracy rate of 97.1%. Nevertheless, there is an
apparent difficulty in the realization of this goal.

There are differences between the Taiwanese word order and the Mandarin word order;
thus, the selection of the incorrect Mandarin word, and consequently incorrect POS tagging,
occurred with high probability. The absence of appropriate Mandarin translation was the
second leading cause of the POS tagging errors.

The unknown word problem was also a cause of POS tagging errors. From the Mandarin
perspective, these words are not actually unknown words; this problem mostly resulted from
the fact that translations between different languages are not one-to-one mappings. Another
significant factor involves the use of hyphens in the POJ script, as their usage has not yet been
standardized. It is probable that due to the use of Han characters, word boundaries are

relatively vague in the different languages of the Chinese language family.

5.2 Hyphen Problems, Distinction between Taiwanese and Mandarin

In Taiwanese, some words take on the POJ script, thus, the use of the hyphen. Used one way,
they separate the syllables of words, making it possible for a syllable to correspond to a Han
character; used another way, they serve as word separators. Each syllable in a hyphenated

word represents a unigram, and a space separates each word. Unfortunately, no original word
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boundaries of Han character writing can be found to correspond to the hyphenated word.

In addition, Taiwanese has around 3,000 legal syllables, whereas Mandarin has around
1,200 legal syllables (Chan, 2008). Because of this, it may be said that the Taiwanese
language has more single-syllable words. Nevertheless, as a single-syllable word may have
several corresponding Han characters, the use of two-syllable or multi-syllable words resolves
most of the problems.

For instance, if the Taiwanese word “iﬁ (i”“this one” is written as “chit &” (no hyphen
used), the syllable “chit” may be made to correspond to several Mandarin words, such as “iﬁ”
‘this,” “F§‘job,” “TT ‘quality,” “F,” ‘knit,” etc. The syllable “€” may also be made to
correspond to several Mandarin words, such as “fU” ‘of,” “{[#” ‘(a numerary adjunct),” “#”
‘shoe,” etc. If the word is written as “chit-&” (hyphenated), it definitely corresponds to “iﬁ (™
in HR script. Hence, under the POJ script, the writer may tend to use a hyphen to link a
single-syllable word to another single-syllable word if these two single-syllable words may
likely form one composite word or one phrase. Present practices show that the word “{ﬁf[ﬁ*”

may appear hyphenated or in a separated syllable form, thus creating inconsistencies.

As the use of hyphenated words creates the problem of one Taiwanese word
corresponding to two Mandarin words, if the original text is not revised and the Mandarin
corresponding word is manifested as an unknown word, it may be possible to just remove the
hyphen and try again. This method may reduce the chance of POS tagging errors due to the

unknown word factor.

5.3 The Distinction between Different Eras or Different Genres

We investigated whether texts of a different era or a different literary genre would affect the
accuracy rate of the POS tagging. Table 10 shows the POS tagging accuracy rates for texts of
three types of literary genres and Table 11 shows the POS tagging accuracy rates for texts of
literary works belonging to three different periods or eras. Table 9 shows that the POS tagging
accuracy rate for novel materials is comparably lower than other genres; whereas Table 10
indicates that the POS tagging accuracy rate for the materials written in the Post-war era are
comparably lower than the other periods investigated. Basically, there are no significant
differences among three genres or three eras as a whole.

Table 9. Tagging Accuracy Rate for Different Genres

Genre \?V%rgg No. %i;{ifiging Accur(fg/gl Rate
Prose 549 43 922
Novel 372 36 903
Drama 117 8 932
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Table 10. Tagging Accuracy Rate for Different Eras

Era No. of No. of Tagging | Accuracy Rate
Words Errors (%)
Ching Dynasty 232 18 92.2
Japanese-ruled 359 27 92.5
Post-war 447 42 90.6

253

After deliberation, we found that the individual writing style of authors is actually the
dominant factor of the POS tagging accuracy. From Table 2, the individual POS tagging
accuracy varies from 83.6% to 98.0%.

6. Conclusion and Future Works

We proposed a Taiwanese POS tagging method using a statistical method and Mandarin
training data, and we achieved an accuracy rate of 91.6%. Due to the lack of Taiwanese
training data, we sought the help of Mandarin.

This strategy could also be applied to other languages that lack resources. We think that
this is a very important idea. It is preferable to select an intermediate language close to the

target language from the viewpoint of the language family.

We also developed an online Taiwanese word segmentation and POS tagging system for
people who are interested in this topic. Users can input Taiwanese text and get the POS
tagging results. It is somewhat difficult for a user to prepare both POJ and HR mixed scripts;
therefore, we also provide the functions in the absence of one of these two scripts (Iunn, et. al.,
2007). This, however, will decrease the accuracy rate.

If we can construct a Taiwanese-Mandarin parallel corpus, we can use other methods like
the Coerced Markov Models proposed by Fung and Wu (1995) to accomplish the Taiwanese
POS tagging task.

We hope that we can proceed to the construction of Taiwanese Treebank.
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Appendix
Test Data List.
id | Year | Genre Author Article title No. of
Syllables
ap ¢ Peh-0e-j1 € Ii-ek ‘The Benefits of Usin,
1 | 1885 | prose Reye,rend lap R o J._ T & 162
2 Peh-de-ji, [ 154 P4
Reverend Kam ‘]
211893 rose s Chhis-mi 6h ‘Blind Study, &= 66
PO e il
Phin-héng € Gii-thdan ‘Inheritance of
3 | 1919 | prose HSK Morality, (i} i s 180
Ong Chong-téng  [Chin-chai ki ‘Earthquake Disaster
4| 1935 ) prose |- AL Record, 5" 122
A Toa-soa" chhiﬁ"—koa ‘A High Mountains
O Bln-ti ‘¥ 97 | .
5 | 1954 | prose an-ti FL[FJ el sing, A P 74
TA G—_'A 3 3-'\ 311-14 A A_tat ¢
6 | 1990 | prose in’ T-jin ‘[l |Lau-lang & ke-tat The‘ LVah%e of The 75
[ Elderly People, ¥ * fU{EHfi’
Tan Béng-jin ‘[fif*]|Stin-chéng Ong Po-chhoan ‘Pure Love
7 | 2000 | prose - Ong P6-chhoan, :T‘LL"['?&JE‘ g 112
2 | 1890 | novel |Unknown An-lczk-ke Safety and Happiness Street, 101
g
L— N ‘7’4'-01/\ I-r" ] LEJJ
o | 1924 | novel oa’Jm seng ‘P [~ A,n n1aie Bak-sai ‘Mother's Tears, =/ % 133
= O
Ng Hoai-un ‘¥ {8 |Chhau-tui téng € bin-bang ‘Dreams on
1011955 | novel B F the Grass Stack, 1 FUEP 16
Ian Un-gian “ff57c  |Hai-phi* Sin-nid ‘Bride on The Cape,
1111990 | novel £ translated TR Rl o4
Lau Séng-hian ‘%
a o . R R
12 | 2006 | novel P Chiah-choe ‘Plead Guilty, | Q# 92
Lim Bo-seng ‘#f  |Hi-chhut: L&'-tek k4i kau ¢ Drama: Ruth
13 | 1924 | drama e Reformed Church, &g "% i dx3% 77
14 | 1950 | drama Tan Chheng-tiong |Venice & Seng-li-lang ‘Venice 9

‘P& RL translated

Businessman, 2 i E Hi A0

Note: the original author of id 11 is Song Tek-1ai ““A 3% % ” id 14 is Shakespeare




