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Taiwanese Hokkien

* A unique variant of the Southern Min dialects, influenced by:

* Indigenous languages
* Dutch and Japanese colonial legacies

* Despite being spoken by over 30% of Taiwan's population, Taiwanese
Hokkien faces significant challenges:
* Decreasing proficiency among younger generations.
* Predominantly used in spoken form, with limited written resources.




LLM Training Data Highly Concentrated on English

* Most Large Language Models (LLMs) are trained predominantly on English data,
leading to subpar performance in low-resource languages.

Language Percent Language Percent

en 89.70% | uk 0.07%
unknown 8.38% | ko 0.06%
de 0.17% | ca 0.04%
fr 0.16% | sr 0.04%
A4 0.15% | id 0.03%
zh 0.13% | cs 0.03%
es 0.13% | fi 0.03%
ru 0.13% | hu 0.03%
nl 0.12% | no 0.03%
it 0.11% | ro 0.03%
ja 0.10% | bg 0.02%
pl 0.09% | da 0.02%
pt 0.09% | sl 0.01%
vi 0.08% | hr 0.01%

Source: Llama 2: Open Foundation and Fine-Tuned Chat Models




Our Approach

* We developed a machine translation model for bidirectional translation
between Taiwanese Hokkien and both English and Mandarin Chinese
using large language models.

* Our research 1investigates strategies to enhance machine translation
performance by utilizing on limited language resources within the
LLM training paradigm.
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Taiwanese Hokkien Writing Systems

* There are four writing systems in Taiwanese Hokkien

Hokkien  Tai-16 Latin Tsit kui kang 10ng sT phainn-thinn.
Hokkien  Peh-0e-ji POIJ Latin Chit ka1 kang 16ng st phain®-thin®.
Hokkien  Han-16 HL Hybrid S24T long 29K -

Hokkien  Han HAN Chinese Character S THEEI KX -

Mandarin Chinese = ZH Chinese Character EXAEEEKRT -

English EN Latin It’s been bad weather these days.
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Taiwanese Hokkien Writing Systems

* Previous research most focused on a single script system without
exploring the potential benefits of integrating all available corpora.

* Given the shared vocabulary between Chinese and Hokkien Han
characters, we base our model on Traditional Chinese LLM for
continued pre-training in Taiwanese Hokkien.
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Datasets — Training Data

* Monolingual Corpora

* Recitation contests, song lyrics, religious texts, Wikipedia entries, textbooks, TV program subtitle

and news articles.

* Totaling 7SMB.

 Parallel Dataset (Augmented the Hokkien-English dataset by translating Chinese to
English using GPT-3.5-turbo)

* 15,195 example sentences from the Hokkien dictionary, including ZH, EN, POJ and HAN.

e 2,677 Technical terms, including ZH, EN, POJ and HAN.
* 17,872 Religious texts (only HL and POJ)




Datasets — Testing Data

* 1Corpus-100
* 1Corpus 1s a parallel news dataset in Hokkien (HAN, POJ) and ZH.
* We augmented it by translating ZH to EN.

* To address 1ssues with incorrect HAN characters:
1. Instances ordered by term frequency in HAN for difficulty
2. Top 100 most frequent instances sampled
3. Manual lexicon correction based on official orthography

* TAT (Taiwanese Across Taiwan) speech recognition dataset.
* Using 2,661 parallel sentences
* Focused on ZH-HAN and EN-HAN language pairs
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Training Process - Overview

Mandarin T ST R RN (e -\
LLaMA 2 Continued Pre-training | % siation Fine-tuning ) \
Various Hokkien Writing System Parallel Dataset 1
Monolingual Datasets ) . ‘
ZH (Mandarin) i (B =
] EN (English) =wy) = [ ol ) ' ) | Parallel Dataset 2 l& :
HAN (Hoklden Han Sysiem) S ENHHANI ENo—oPOJI IHLo-oPOJI Dual Translator
Yy
8 PoJ( Ll Standardize into
" | HL (Hokkien Hybrid System) Hokkien Han \\ ‘~ N /
(—
Real-world Data
—)
ity Mandarin = ™\
" +Synthetic Data LLaMA 2 k \
Standardized Hokkien Han l&
e Monolingual Datasets ) Advanced Hokkien Han
LLaMA 2 Dual Translator
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Training Process — Continued Pre-training

 Base Model

* Leveraged LLaMA 2 model, which
undergone continued pre-trained
on Mandarin Chinese corpus.!

* Extend Model Vocabulary

e 130 Han characters

. ) . Mandarin
1876 Latin scripts LLaMA 2

"TAIDE: https://taide.tw/index

/LContinued Pre-training:}

-

[l ZH (Mandarin)
[0 EN (English)

HAN (Hokkien Han System)
[ ] POJ (Hokkien Latin System)

HL (Hokkien Hybrid System)

-------

.............

Various Hokkien Writing System
Monolingual Datasets

BRIT gau-E

D

_




Training Process — Translation Fine-tuning

* Fine-tuning prompt template:

-

{source_sentence}

[ TRANS ]

[ /TRANS]
[{target language}]
{target_sentence}

[/{target language}]

L

~

/

[l ZH (Mandarin)
[0 EN (English)

HAN (Hokkien Han System)
[[] POJ (Hokkien Latin System)

HL (Hokkien Hybrid System)

-------------

Translation Fine-tuniny

Parallel Dataset 1

(

N

~

&

ZH<HAN ZH-POJ
S 2 Parallel Dataset 2
EN—~HAN ENePOJ HL-POJ
HAN<POJ j

_’@%

Hokkien LLaMA 2
Dual Translator

_4
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Training Process — Pre-training Corpus Script-Standardization

* Using the translator to further

standardize the pre-training
Various Hokkien Writing System .
h Monolingual Dattagetg : Corpus lntO H AN.

BRY gau-2

.
1

Mandarin : ey
LLaMA 2 Continued Pre trammg/

\

Standardize into | ZH (Mandarin)
Hokkien Han
] EN (English)
&

: : : HAN (Hokkien Han System)
D /<Continue q Pre-traininng—ﬁ /ﬁ'ranslatlon Fme-tunm@\

[[] POJ (Hokkien Latin System)
LLaMA 2 Parallel Dataset 1

HL (Hokkien Hybrid System)
BERIF EZ | 582 )
—_ ZH-HAN —
i Real-world Data
Standardized Hokkien Han %

Monolingual Datasets EN~HAN

N /

Advanced Hokkien Han i i Synthetic Data
/ LLaMA 2 Dual Translator ~ 7
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Evaluation Methods

e Metrics

 BLEU, chrF++: Traditional n-gram based translation metrics.

* GPT4-based evaluation: Score model output with reference by GPT-4, score
range 1f from 0~100.

Target Language

ZH, EN (Familiar to GPT-4) Hokkien (Not familiar to GPT-4)

ZH, EN
(Familiar to GPT-4)

No this case.

Employing back-translation into the
source language for comparison with
the original sentence.

Hokkien
(Not familiar to GPT-4)

Source Language

Direct comparison with the
reference sentence.

Our metrics are not applicable, chrF++
is sufficiently effective in this case.

18
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Continued Pre-training Stage

Continued Pre-train Data GPT-4 GPT-4 GPT-4 GPT+4 GPT-4 GPT-4
and Vocabulary Extension MRy St Score* Accuracy | SR A Score* Accuracy ‘ BUEY caErE Score* Accuracy
| ZH-HAN ZH-POJ HAN-POJ
LLaMA-2 (EN) 2384 2621 4145 8.5 6.41 2260 14.10 0.5 1920 3935 - -
LLaMA-2 (ZH) 3012 3267  65.68 42.5 8.68  23.06 22.20 2.0 2493 4171 - -
+ HAN 3022 3233 70.68 52.0 994 2338 21.95 3.0 2431 41.18 - -
+ALL 31.99 3390 73.85 59.0 1536  29.00  39.15 10.5 28.97 4484 - -
+ ALL (EXT VOCAB) | 31.96 33.69  72.60 535 1438 2934  37.03 8.0 26.53  44.17 - -
| EN—HAN | EN-POJ
LLaMA-2 (EN) 952 2652 5348 20.5 1.05 1882  5.58 0.0 Continued Pre-training
LLaMA-2 (ZH) 1287 29.76  59.45 23.0 177 2072 11.18 0.0 Various Hokkien Writing System
+ HAN 1449 3080 64.53 36.5 1.57 2094 885 0.0 Monolingual Datasets
+ALL 15.64 3177  66.28 39.0 401 2521 2213 2.0 —— To-sla ‘ QA ‘
+ ALL (EXT VOCAB) | 1474 3098  62.95 33.5 3.65 2489 2430 2.0 ?
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Translation Fine-tuning Stage

Fine-tuning Data | BLEU chrF+ COr 14 GPT4 ‘BLEU daiier o OIS | s oy (G
Score* Accuracy Score* Accuracy Score* Accuracy
| ZH—HAN | ZH-POJ | HAN-POJ
BASELINE (ICL) 16.79t 20571 64.78"  48.0° 0.71t  3.75t  10.55 3.5t 0.53t 4.5t . .
ZH, HAN 29.02 3124 76.70 63.5 1.36F  4.03%  7.70f 0.0t 1.48F 4207 3 s
ZH, HAN, EN 29.39  31.67 7688 66.5 2411 464t 795t 1.0 295t 5.20f . -
ZH, HAN, EN, POJ 2847 3075 75.63 575 11.61 2425 33.03 85 18.25  33.23 - .
ZH, HAN, EN,POJ,HL | 31.99 3390 73.85 59.0 1536  29.00 39.15 10.5 2897 44.84 2 .
| ENoHAN | EN-POJ KI‘ ranslation Fme-tuning) \
BASELINE (ICL) 6.06"  18.78"  42.701 14.57 0.11f 578"  1.95f 0.0t Cersfiol hianaset)
ZH, HAN 6.12f  9.45"  29.00f 21.0 0.000 0377  6.90 0.0 T ZHeHAN zuﬁpo.,\
ZH, HAN, EN 17.04 3297 71.20 47.0 0.79" 973t  5.20f 0.0 Framhel Daasel 2
ZH, HAN, EN, POJ 1624 3199 68.33 41.5 358 2349 2143 1.0 ENoHAN| | ENPOJ HL-POJ
ZH, HAN, EN, POJ,HL | 15.64 31.77 66.28 39.0 401 2521 2213 2.0 3
HAN<PQOJ
\~ 4 J
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Pre-training Corpus Script-Standardization

Continued Pre-trainingD

Various Hokkien Writing System
Monolingual Datasets

BERF gau-8

~

A
v,

\ A"

Standardize into
Hokkien Han
B

Continued Pre-train Data BLEU chrF++ GPT-‘: GETS
Score* Accuracy
ZH—HAN
CP_HAN (w/o Standardized Data) | 32.92  34.86 74.27 61.65
CP _ALL 33.67 3597  76.04 65.26
CP_HAN (w/ Standardized Data) | 34.67 3598  76.03 64.66
EN—HAN
CP_HAN (w/o Standardized Data) | 22.27 35.00  65.69 46.03
CP_ALL 2224 3499  66.33 46.41
CP_HAN (w/ Standardized Data) | 22.68  35.61 68.22 49.68

/CContinued Pre-training> — \
ERYT Z 34 3=
Standardized Hokkien Han
Monolingual Datasets
NG J
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Conclusion

1. Continued Pre-training
* Substantial improvements in Taiwanese Hokkien training using LLLM pre-trained on Chinese.

* Best translation results from pre-training across all writing systems.

2. Vocabulary Extension

* Limited impact on translation quality due to corpus scarcity.

3. Translation Supervised Fine-tuning
* Best results for HAN translation when training with parallel data in ZH-HAN and EN-HAN.

* Incorporating Latin script parallel data proves ineffective.

4. Pre-training Corpus Script-Standardization
» Standardizing to HAN can yield benefits on HAN translation.
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