2
2

SR L S

-
\O
p—
_
@\
<
o <E
L ) Hﬁ
)
S ,..T#
S

%
i

Id
s
b
g
5N
Id
gl
]
=  JF
Ant-
,MB_\V A
qu .o
ot
A,K/// N,Ww



R

TE B E L S HERAT - B2 N BT i e s TR A0L ) (ER
Wi AR T4 o ZRTI B0 A Bl A 2 Al b SO fe Uik A0 A RIA o] se g sR FH 25550 A
% FEEITH—BRS ANBRELEE S - g A T SRRAST ) AT (RS AL
ABFgigt " rup wu0 wuO fudcl3 | o iSMESCT 2 PR B 3EE - 5 ia R E LS AR - A
WFFEHY H BRI B R Ze R UGS R Sl A0 AT S B B T el R E T 0k -

AWFEER TPTT HhsgEERt | iy sCa] 7314k GRU ~ BiIGRU ~ LSTM #I
Transformer ~ fifEd mT5 BRI DL R EHRHEFFELETRDE - WA (1 Google i A T ELHVEIEE
JTEMETERE > (R BRI ERREREE E BT LSTM BRI DLUK. Transformer 575 o HepS
RE LR L E RO AR BLEUA 78 » (EAENER DL BLEUA HYEEST B 557 Google i A
TE - 538577 Ry 0.94 81 88.3 43 o T RIS HAVAER ELIHEE By T & -

AWGE 2 BCRAEFE R T IR » o FERI A 43 L BRES i R ey BIR BlGE > g aH
RS E B A0A 2 RIDJHARE ] e TR 22 (0 H AENEEES < ARW5e(E H 2 A2 R RE
GitHub =i - Br T AJREEHF NECEAS - fER At aTdlsk 5 CRUBE - s gasfE =
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Abstract
Nowadays, when computers are quite popular, many people in Taiwan choose the "Zhuyin input
method" as the input method when typing on computers. However, when using the Zhuyin input
method to input Chinese, if you do not switch the input method, you may mistakenly use the English
input method, and then type out a confusing garbled text. If you want to input the five words "4
KRG, using the English input method will output “rup wu0 wuO fu4cl3". This style of writing is
almost difficult to understand and can easily cause confusions to read or to communicate. The
purpose of this research is to study the method of translating mixed characters of English and
numerical symbols typed without switching to the "Zhuyin input method" into Chinese characters.
This research uses Chinese sentences in the "PTT Chinese corpus” to train GRU, BiGRU, LSTM and
Transformer, fine-tune the mT5 model and calculate the Viterbi algorithm, and compare it with
existing translation methods by using Google input tools, in terms of score performance. The best
machine learning models are then the LSTM model and the Transformer model. Overall, the Viterbi
algorithm's BLEUA4 score is the highest, and its accuracy and BLEUA4 score are both higher than the
Google input tool, with scores of 0.94 and 88.3 points, respectively. It can illustrate that the Viterbi
algorithm used in this research is the best solution. The results of this work have a wide range of
applications and can used to online translation or real-time translation of chat software. If you
frequently switch between English and "Zhuyin input” methods, you may then need to use this kind
of translator. The program code used here is an open source on the GitHub website. In addition to
allowing users to download and use it, users can also train their own models or adjust the program to
get better acquirement by the user's feedback.
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(D) e E
1. FEAIAEHE
(1) Seq2Seq
Seq2Seq(sequence-to-sequence)fEA d— {47 23 (Encoder) Fl—{[& fiF i 23
(Decoder)ZH sk g A—ERFp7l{% » S R 4R 251 7[R Ry context
vector » Hrp {5 FAEER (a8 48 R8 (41 © GRU ~ LSTM ) » Fo{if P fifhih 25 i 1y
S8 FpAI - Hifit 2 context vector & {F £yt as Y A -
TR PRI BR A 42 2 context vector » i HH Bl A Fp 51/ AH ¥ FERY 7
1] o R Es BT ES N [EIRVRE & MRS LIRED ¢ UAIRED t+ 1 AVEn

oo (& 2)
Encoder YT1 ?z ‘T ----- ?
| G?U }—-I G?U }—-{ G?U }{ G?U ’— —-i GRU‘}I{ G:{U—‘-I——{ G:{L}I--{ G:«:U }
X4 X2 X3 oo Xt Decoder
2 ~ Seq2Seq &5 ~EE > DL GRU A
(2) LSTM

LSTM(Long Short-Term Memory){= | RNN(Recurrent Neural Networks)
S DUTRHE = BRG] B Bty Bt o HC = S PU{RE S0 7 4HER © g A (Input
Gate) ~ B TIRFE(Cell State) ~ 5 & (Output Gate) ~ & = [ (Forget Gate) °

R AR - i AR GRS A s R E AT - BT
INRE G R E RS RIEE - RS2 G IGER S 2RI ETE
g e R EEEITIRRE (B 3) -

& ) ®

L—1 !
A TEAL A

I
& & &)

3~ LSTM REHH [1]

(3) GRU
GRU(Gated Recurrent Unit)fH# /Y LSTM AR T 7288 LR D ECTE
AR - HARE = i i AR & OF e DU i (Update Gate) HUf ~ i
HYEETCIRRE MRS RGINEE & 0F > 20E 4 P -

2



LTt

4 - GRU ;REE [1]
(4) BRNN
BRNN(Bidirectional Recurrent Neural networks){sE Ff i {[&# %8 1777 RNN - ¥t
JAH H—{EE RNN fiqg A7 DUEEHINEFE A 5 S5 —(E RNN > 51U
SNEFFRm A » % mah F [ —(Egm i - AR a] DU RS 25 DU R R
HIRRE - D= T HEEAERY RNN HEelEe i HiRRenyEEs (& S5) -

A E &

(:}4—}\'4 A' < A ¢ A' < s'
@ A A A, A A 4, A_“@

& & & &

5 ~ BRNN #EAY&ERE 7R E [E] (Christopher Olah, 2015)

AFRZEFr{# FI#Y BiGRU(Bidirectional GRU)E BRNN 45&K8( » 7 RI7E

FR{#E ) GRU HUfX T RNN -
(5) Transformer

Transformer JZAL)E B IHEHIRVIEAY » HpERESE AN 1B TSIy
RNN fHAILF -

Transformer L5 RITET B HH] © 48CRETRITEE I (Scaled Dot-
Product Attention)F12% i 173 & JJ(Multi-Head Attention) o £ H 32 J7 i
Sy BIA ={EFES © Query ~ Key #1 Value -

GBS E R 8 53t Query A1 Key AUBSRHESEIER S - A0
IR R REECARE » &SR IIRERR LR B4 07 > FHEEH]
softmax pHFUER—1{b  ff&EL Value HUERL (& 6 > A1) - [2]



Scaled Dot-Product Attention

t
MatMul
) y
SoftMax
4
Mask (opt.)
)

Scale

t
MatMul

t 1
Q K Vv

6 ~ ERCESRUE R TIRERE [2]

>

T
Attention(Q, K, V) = softmax (%) %4 (1)

ZUEFEJINI AT Attention & i H 25 & 47 57 B 2o ([E 1L Y BE
(head) » &5 fy(EA1E2E o SETEES OTSHERER TAERBEM: ) STEAREIVER
JIMEE - {E4ETE Query ~ Key 1 Value €43 B4 = 4051749 Dense J&iE
HEA —(FBImEE > SEEEFEEICEEEEEE - & HE
{EGEA s SR B — e o & (18 7) - [2]

Multi-Head Attention

Concat

!

Scaled Dot-Product h
Attention

A

L |
[ Enear ]J [ Enear ]J [ :;;Q

i

Vv K Q
7~ ZEEEIIRER [2]

4



(6) TS
T5(Text-to-Text Transfer Transformer)£Lf2 encoder-decoder ([& 8) > Fy—
FETHE)| 4R f5 7% (pre-trained model) -

8 ~ Encoder-Decoder /R Z & [3]

HUEBE ek &S T FiA 1Y NLP(Natural Language Processing)(T#5 @ i 5E:
{B Ky Text-to-Text BT o 7E0m ARTHD 75 ZENIA RIS TE & ZHEL THIERS - ]
YT ENEE @S » HIIEERNN | translate English to German: | {F Rl
8 e
TS5 S TH SRR AT (5 AT AR 2250 THU A (fine-tune) - FECACHEREE
=2 REH THE SR A v DLUR B RE A TS AT PTER AV Ry
Google #47HY mT5-small » mT5(Multilingual T5)E2 T5 AHEE S 125 2365 -
2. BLEU
BLEU(Bilingual Evaluation Understudy) =] bEisg— (& o)1 —(E 5 2% (f 275
A FHZAHAT o RS RISy -
KWFEATER 2 BLEU-4 73 8(H[1:ZZ—515 Unigram F] 4-gram $7A FHA)F
PAR 275 5] FHURE RS 70 BU(Py~Py) » FEGTEIO(E 7 BT 56 o[~
Rl 1 TR )i R RS P oy B s AR (&3l I8 ET o #i(Brevity
Penalty) - AF( 2 [4] H ¢ BIEHEFHAVEEE > r B254a)FhaysEey -

1 if c>r

BP={,0-r/0) if e ar



BLEU = BP - ex w, logp,
p(; gPn)
2)
sTREZEEM G T 0/ 1 2 CAHFEZ BEE SRR 100) » £ —RRAYEN
2L 0 0.6 £ 0.7 B ml EZAVEAE T B - AW E— R REE B EE AR - H
7 Bl = i — R o 8 - [S]
(=) 4R tERE
HERFLL IR A(Viterbi algorithm) fy—fHEREEEDE - AN F A nlaE# 4 2 8l
AERFRY o nHERCRE R i LAY (Hidden Markov Model » HMM)E(TEIE ([E
O~11) » EAFTHEATE - [6]
8qi(8) * HIHVBLNN{E (observations)(EHFHE t iRRE(state) fy q; HYIENL N E RHIERTE
=S
Vqi(6) © FEIFE] t ARRER q; EI’] BT EEEA AR -
1. WAE - AlE—(EREAAIRRE ¢ @ FRENVHAIRERATIEAR LSS E VIR IR AR AT
1B -

8q,(1) = P(q:1q")P(0;]q;) (3)

2. IEHE B CRREERR 2 B/NREEER T E > SUTIERDER - T 2EOIIEEE

+1 o
8q,() = H}I?XP(% |Qj)P(0i|qi)5qj(t -1) 4)
Py, (£) = arg H‘lﬁx P(q; |Qj)P(0i|Qi)5q,-(t - 1) Q)
3. &k~

P(Q0) = max 8q,(T) (6)

J
qr = argmax &y, () (7

J

dc = ¥q,,,@); t=k—-1,k—-2k-3,..,1 (8)



9 » HMM /R[]

"statez": ["Health¥", "Fewer"],
"ohzervationz": ["normal”, "cold", "dizz¥"],
"start probability": {"Healthv": 0.7, "Fever": 0.3},
"trangition_probabilits": {
"Healthy": {"Healthw": 0.7, "Fewver": 0.31,
"Fever": {"Health¥": 0.6, "Fewver": 0.4}
} 1
"emigzion_probability": |
"Healthy": {"normal": 0.5, "cold": 0.4, "dizzy": 0.1},
"Fever": {"normal": 0.1, "cold": 0.3, "dizzy": 0.6}

10 ~ HMM FEzURE E

Day1 Day2 Day3
Observation: Observation: Observation:
normal Dizzy Cold

11~ EFFLEEVERE




() Google #ij A T.5
Google #ig AT H (& 12) 22— ] B0 F i A Fsa 0k - AWEES
"Requests | EFERER LAY Google B A T EUEFTHEIGE - WELHTTHISR - 78EH
DU s AR TERRS -

Google iA LHE

12 ~ Google #ig A T B B[R

=~ WigeE i BEs
(—) FEE AR
1. BEAGEH
® CPU : AMD Ryzen 7 4800H with Radeon Graphics
® GPU : NVIDIA GeForce GTX 1650 Ti
2. HEGEMT
® Windows10 (22H2)
CUDA Toolkit (11.6)
cuDNN (8.9.1)
Python (3.9.12)
Tensorflow (2.10.0)
Numpy (1.23.2)
Requests (2.31.0)
sacreBLEU (2.3.1)
OpenCC (0.1.7)
® pypinyin (0.49.0)
(=) Google Colaboratory
1. HEAGE
® (CPU : Intel Xeon with 2 vCPUs
® GPU : NVIDIA Tesla V100
2. HEGEMT
® Ubuntu (22.04.2 LTS)
CUDA Toolkit (11.8)
Python (3.10.12)
Tensorflow (2.12.0)
Numpy (1.23.5)
sacreBLEU (2.3.1)
Transformers (4.31.0)
SentencePiece (0.1.99)

=~ WA
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("u.3a0610.3504ep68 bjodn 2k718 eid "HSEE PR RRETET A BN,

{("jodepbak7ok4ak?2i1 bpbd041;4fu. 6 ﬁ%ffﬁ* =R A B,

13 ~ TRV SR B RE 2R R E

FEWMAEREEEMIE L K Hig/b N\ HEREFHERF T E 2 2
T LT EE A - R SR AR SR E R - RIEE AT =R BRI S A+ 48
: éfﬁ{ﬁﬁﬂj“ﬁi’j B ) 18 W DU R R 1 i R KT = R
TER BT 5R
AWFZeER TPTT H30zEk} | (Justin Yang, 2021)51f4 " Gossiping-QA-Dataset-
2 0.csv ([E 14) HFCHFERINGKER > HAERPEVEFEIEALEE E %D
(PTT) HLTIZRE « R&ZE o By— (I8 ) B — (& B FERY Z ) - 2 774115 [ HyEd
BEA] o AR AT ST AHREE AR (% .Iﬁt?@?ﬁﬁ’&%a% LG £
1548230 {7H XA F °

question, answer

S BEE SRS RN TE 7 HEL B HE %B%?E%%@?R% TEEREORSEEEA

PEEARRS A gy
?ﬁf‘[‘ﬁ* %E?ﬂﬁm%ﬁﬁlﬁ FET EE EE?JE%B:E?E% (B R fift
& 14 -~ Gossiping-QA-Dataset-2 0.csv fi&Z& 2574 &l

R AT RS0 BRTOC B UURASE - By TREIRAE 2R
P ITH E)TRIRF SR R R A TRE RS o R P oT o RIEY - 00 B
KPR o BT AT ETRREE > SOCANREEAE Ay iHER - 52 B Al i Ry
T FSERIORRE OO IR (>~ 0 o 2 L 0 o) FLERAMIER - 40 " 20 £
W ARZ IR AR —4] ﬁmﬁﬁﬁ/%? > ESESCHCANHETT IR - REST (R
20, ERRET T b agbR T B TR ZERVZEARYE - mERAYE)
TRy T RS R M B A -




e [> TR e [> MEAET

B ) N B
7 |:> L Wi

15 ~ ERRIETH X FIe A nElE

AWFFE£:7% T number2hanzi | (xiaoyvning, 2018)F1[Y " index.js | BEFHEFHVEEHS
FIRERGT ~ BB a8 B T = DU TR BYfERT 0 SERA
FHIE A AT B Python Y= o BIANEAESCESRY T22222 iy " — -+ H
“H o BB BRI SR R T IE W T E 1

S #E R R SR T1% - AWFSEEREM T pypinyin | #44H) ':F‘/s%% —EHA Fy
JEE o 2RI pypinyin AU AREEAR (40 - A Tog, B R T YU T TIERE
BEMER " TUY ) EFIEEC AT HESER (W& @, 8 T E
Bk T(E o MREEANESE KT o ) HIFLEAIEIR AR » 1551
Jﬁt?#ﬂﬁm/\ﬂ’]@?i_ TorE G R R (phrases_dict.py) 2= B B 2] B 157
GBHPHE - R E R B o (HE IR R AT o [(EHER T
FECH A FE A B M ZR T E RS - ZFEHIRB TR ERR T T E RS
RS T % - RIS EN " OpenCC | 4% —(Epr=URHE HEZR AV GRS 5
B EReT (E 16) » A28 s ME -

phr asts dict = { phrases dict = {

—TAW [['y1°], [ding'), [ bJ ] ["sh1']], =T [[tyrt), [tduagt], [bet), [tshit]),

=Tl [y 1], [dane'], ['d er 11, —TRS: [y 1°), [ding’], ["dian’], s “11.

C—ftat [[Uye'], [hat], [ 'igo ] [ ¥in "11. A2l 'l ['L., ["%i &a"], [%

'—AER [y 1 '] ['b0'], ['nid '], ['zhong’ 11, —A i 7], 1], meacd; | '"u*ma I,
—&# e [['y1'], [ h1d| ], ['dug "1, ['néng'l], —HaEE: [["y1"], _'JIJan ] l‘|La 1. ["néng*11,
—EZ%" [['y1 '], ["aia’), ['zhi'l, £'11, ‘= (r1] [ [hé*1].
—gAE s [['v1'], ['s1'), ['b0'], ('cha '], —T ['yi"], [s 3] ] [bJ] “cha "],

- y;lgt s [['vy1°], ["sv'], ['ba”], ["gua']], —f,Tﬁ_ [y1 ] 51 J {rn }1

I c[['y1°], ['s1'], ['bi wan']], —EEET: (("y1"], ["s1"], wan'
r“e{ﬁ:”'yT'},E'sr%,{'bu% E .;,-.u':}, —EeFR [(y1t), 'ST"L . ["e&ut]],

16 ~ phrases_dict.py Z347Ek[E * /2 k)5 phrases dict.py ° /5 ffE0E1% > phrases dict.py

HerEMAGE R I v 458 | pypinyin | 9fY " load phrases dict | #{ A B EF
HIPFE 2 -

PR A (R 1Y ) T R E B R AT A i IR (8] 17) RS A KT
5 ETERY SRR IR o . PYPIHYIH AT B — R SR NN - It AE
MHZE A RTSE - BT TR e - EFREA RERTRAIIA —EE % -
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||17||: ||1||,
"% g,
||'|-]||: ||a||,
T “Z”,

17 ~ R GREREZ BB PR IR R B ]

FERIFPLFTT
TEBREHER PV FTERIE

18 ~ ISR E ) FH IR B A [

(Z) e s

AT E R T AR E TR R R R FRYEE S 1653 B GRU ~ BiGRU »
LSTM -~ Transformer [\ k&z mT5-small e R 2R fTHE R EREER LA 03 SRELTEE -

TE(E LA B3 S IR B R SefEall g el vh oy B s BRI DU E L » A
ISR E R ~ Basg B A BOHIERE LA 14:3:3 BYEEHISTHED -

Eittim AR - JR S ) A A Sl R R B o Pl AR - iR SR
BRI e S SR 2SR T3 75 o R T (A AIE —(E A TR o2 —(E
¥ AR E RAVRFTE ey (ERRRESE o (B ERSEmAEHZZ a8
R Fodlsr v o — R g EAZ AR9E » ARt~ g & > A EBTEER
o

GRU -~ BiGRU ~ LSTM / } Transformer {7 6]~ B SE B BEAG B145 s Ay
RIMEAE ) B DA R A RS AR TEEC © [start] ) DURESEERTEEC ( [end] ([ 19) -

]

("jodigptrakTrg/diru,brgbrcjodrlodmiO -6i5kdifnp6ibp6ilj6icjodr 7", "[start It BT B g & i ES T e ER AR & P ifend]" ),
("u.3ra06ru.315041gp6e8 thjodm 12k7118 1ej84", "[start 1B A B M3 HTHY 2N lend] "),
{("jodigphrak?rokdrak?i2i1 thpord04il ;difu. 6", "[start 1 EftiEEGE B Ao E i end] "),

19 ~ i ASTBRRFSRLURBHIG ~ SRR RIS E R E

mT5 BRI 0 _ERUARTE & B TR > AWHZEEH | translate

11




engTyping to Traditional Chinese: | {F REIE(ERAVRIER - IR E N BHESE AT IT
AH By E]FRTI

1% GRU -~ BiGRU ~ LSTM DL K Transformer Fi35 7 8|4 &R DA T Tensorflow |
Hiy T TextVectorization | W) el B 8T - mTS Frds ZallSERIHTEH
" transformers | #f A ' tokenizer | #E{7T o

GRU - BiGRU ~ LSTM L. K Transformer S5 e fdi FHEE S0 A
mT5-small FEREIRI[{E8E F Google Colaboratory #:1 Tz °
1. GRU

V|

d

STk

engIyping mput: | [(None, None)]

InputLayer
int64 output: | [(None, None)]

,

embedding |y (None, None) zh input: | [(None, None)]
Embedding InputLayer
float32 output: | (None, None, 256) int64 output: | [(None, None)]
s input: | (None, None, 256) embedding 1 |, (None, None)
GRU | tanh Embedding
float32 output: (None, 1024) float32 output: | (None, None, 256)

N

gu_1 input: | [(None, None, 256), (None, 1024)]
GRU ] tanh
float32 output: (None, None, 1024)

'

dropout mput: (None, None, 1024)
Dropout
float3z | output: | (None, None, 1024)

,

mput: {(None, None, 1024)

denge

Dense ‘ softmax
float32 output: | (None, None, 20000)

20 ~ A7 GRU AL TR E]

12



2. BiGRU
B4 GRU A [EIRVEE Ry - IERRAL  SRffes /¥ m GRU -

engTyping mput: | [(None, None)]
InputLayer
inte4 output: | [(None, None)]

Y
embedding | e (None, None) zh input: | [(None, None)]
Embedding InputLayer
float32 oufput: | {None, None, 256) inte4 output: | [(None, None)]
A Y
bidirectional(g) |yt | (None, None, 256) embedding 1 |- (None, None)
Bidirectional{GRU) Embedding
float32 output: (None, 1024) float32 output: | (None, None, 256)
gu_1 mput: | [(None, None, 256), (None, 1024)]
GRU | tanh
float32 output: (None, None, 1024)
Y
dropout

mput: | (None, None, 1024)

Dropout
float3z | output: {None, None, 1024)

Y
mput: | (None, None, 1024)

denge

Dense ‘ softmax
float32 output: | (None, None, 20000)

21 ~ AW1FEZ BiGRU PRI E]
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3. LST™M

engTyping input: | [(None, None)]
InputLayer
inté4 output: | [(None, None)]
A
embedding mput: (None, None) zh mput: | [(None, None}]
Embedding InputLayer
float32 output: | (None, None, 256) int64 output: | [(None, None)]
A y
Istm input: {(MNone, None, 256) embedding 1 |y, {(None, None)
LSTM | tanh Embedding
float32 output: | [(None, 1024), (None, 1024), (None, 1024)] float32 output: | (None, None, 256)

™

~

lstm_1 input: | [(None, None, 256), (None, 1024), (None, 1024)]
LSTM | tanh
float32 output: (None, None, 1024)
Y
dropout input: | (None, None, 1024)
Dropout
floatsz | output: | (None, None, 1024)
Y
dense input: | (None, None, 1024)
Dense | goftmax
float32 output: | (None, None, 20000)

22 ~ ARWFEZ LSTM AL g E]
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4. Transformer

#£ Transformer AT > S35 A RHE 5251 T ZRAVIES - ﬁDJﬁtTEq’é}
SR EETTRERIRARE o ELECE ARESEIERR > AT R SCEIER )
2o WEIRFEE G ERER - NILEEE *ﬁ’*”Elﬂ;“iﬁﬁﬁlﬁﬁk)\%(Posnlonal
Embedding)f£5a ik A M EIAMLEERN © KT RE B &N A AR A G152
A BRI -

engTyping mput: | [(None, None)]
InputLayer
nt64 output: | [(None, None)]
Y
positional_embedding |,y {(None, None) zh input: | [(None, None)]
PogitionalEmbedding InputLayer
float32 output: | (None, None, 256) nt64 output: | [(None, None)]
\ J h J
transformer_encoder | 5yt | (None. None. 256) positional_embedding 1 | 5 (Noue, Noue)
TranstormerEncoder PositionalEmbedding
float32 output: | (None, None, 256) float32 output: | (None, None, 256)
transformer_decoder input. | (None, None, 256)
TransformerDecoder
float32 output: | (None, None, 256)
\J
dropout nput: | (None, None, 256)
Dropout
float32 output: | (None, None, 256)
\J
dense 4 input: | (None, None, 256)
Dense | softmax
float32 output: | (None, None, 20000)
et
23 ~ AHFEZ Transformer FE AT 45 H#[E]
5. mT5-small

Az (Y mTS-small AU 5 8 J& - HA 6 EEE I8 -

() dERtbEBREATE
L 4R LR BRUR M TS - LS E — (il HMM A1 - o FR 4l Stlants
3 (start probability) ~ #EHFZI (transition probability) ~ &85 f%l/%%(emlsswn probability) 2L
Kl EiiRi(state) > AERZZHVEUN{E (observations){F Ryt A o AHTFE Ryl Oralll S &0k
B ER S 2 HIISRE R — B (EEFERIATAT 70%HE Tl 4R - BESRNEFIE RS
KRG - (EHISERRFICE R BUHIE - M E ISR & R T R R Ry ) T HRSEAYEE
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BIR ~ TEFIERE SR HIERCR DR B B E RS AR - I
json I8 GEF ([ 24) - GEETRGHAY HMM SRR R a] {5 FH4ERF LR RUA A EE
ANETE A nRE A Z BB Y (R AEIEEEESL) -

"atart _probability": {
"B 0.024255455486599957,
"R 5L 185550969T8300209e-05,
"E": 0.004291050649954345
H 0.0946021287444834

(a)

"transition_probability”: |

D :
“H 0.44247249415777173, "
"FE: 1.5789806101181076e-05, "
0. 14883471220973283, "
"E: 0,00020000631592244046, !

(T

'
FR"': 0.9920552716345881,

f8": 2.2764264657340908e 05,
&F"': 0.00017073198493005679,
B 1.1382132328670454e-05,

(b)
‘emisglon_probability”: |
||%||:I{ ||.§.||: {
o4t 1.0 "cjod" s 0,9975066 197792862,
}%+ "di94t s 0,0023933802207 137663
" ", {

: 'y

‘epb': 0.9998068401318032, “HET

"eb: 0.000193159868 19679533 "lod": 0.9999755267559328,
Ygu M 2.44732140672034452-05

}!

©
24~ HMM {7 B ) i B
(@) FERAHER OIBHER (O%EHER

FERTEEF > ER AT R AR SIREETER - STRIFRE SIS - &8
BRI - RREIRREA T ARTREY > R AR RE & L HETRIA] - 40
A Tsudeld ) (%) FIREEAREFRAREL "I — LUK T4 W
E o NIAEFIISR HMM PRI & [FRFAC s 5 nlRe fURAES (18 25) - 1B
P ATREE AR T ERE iR > mIRRE s 3 R ] DU B R R AR A -
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nqunE [ “gf4“:
”Ej“ , ||$u !
||ﬂ:_‘:|| , ||H.%|| !
S A

iiz : ",

& 25 ~ 4CER S TR URIEY (H o #EED)

[EE

(o) AR E
LS B R TR A RS FIRAWIRIEESS R T Google i A T ELAE{TEIEE T.
B> NEBEBEERIFEE T (l 26) 7% Google i A T EL{& 553 » m[iEHE
Ex(H 4R _LEART Google i A T EAEITHEES - AWFFTEM#E " Requests ;| EFHEITIE
> %ﬁﬁi\éﬁﬂﬁ%%éﬁﬂ??ﬁ@ﬂﬂ%ﬂ—{$§'J  HEE SRS R A SR (E
27) e

£ URL: https://inputtools.google.com/request?text=su3cl38uitc=zh-hant-t-i0-und&num=13&cp=

08cs=18ue=utf-8&oe=utf-88app=demopage
POST

®:00

142.251.42.238:443
strict-ongin-when-cross-ongin

26 ~ (AR L EEEWME

N O i i R I I A S = SRR
(Mannotation”:["enld 13", "an

130, Mend, Mendt, Mendt, Tendt, Mendt, tend, e dt, ten 3, e, Mend", "eud" ], "candidate_type":
[0,0,0,0,0,0,0,0,0,0,0,0,07,"1lc":["69 69","69

RO, e, eet, Rt e, e e, R, Rt AT e, "R A9 ], "natched_length":
[6,6,3,3,3,3,3,3,3,3,3,3,3111]]

[l 27 ~ SRR S E 2 B FEEHE
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(T2) WFFERR
L s
BT SRAT- ARG R e 1% — TR A RAL - 22 AR ATA 2
FE HH AT R B e (A R A T A
(1) GRU

GRUTERIG SR A AT 4% [ GRUFHAYFI[ Loss TR [l

1.0000 4.0000
3.0000
0.5000 2.0000
1.0000
0.0000 0.0000
123456 7 8 9101112131415 123 456 7 8 9101112131415
e train == yalidation e frain == y3lidation
28 ~ GRU fEAVF[SREER AT 4R E (7/2) B Loss #T4R[E (45)
7 1~ GRU BHRIRIH B
Accuracy | BLEU4 lgram 2gram 3garm 4garm
0.8797 65.27 80.1 70.8 63.3 56.6
Loss BP ratio hyp len | ref len
0.5242 0.972 0.973 | 2830323 | 2909826
(2) BiGRU
BiGRU FH A 3| R AR T SR [ BiGRU =A% Loss FT4R[El
1.0000 4.0000
3.0000
0.5000 2.0000
1.0000
0.0000 0.0000

123 456 7 8 9101112131415 1 23 456 7 8 9101112131415

em——{rgin e=\alidation e train e \alidation

29 ~ BiGRU fEAIG/| SRAERERATERIE (72) B2 Loss #T4RME (£5)

7 2 ~ BiGRU 1A IH 7
Accuracy | BLEU4 Igram 2gram 3garm 4garm
0.8581 56.39 75.2 61.9 52.4 44 .4
Loss BP ratio hyp len | ref len
0.6118 0.983 0.983 | 2860500 | 2909826
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(3) LSTM

LSTM A RUGI| SRR T 4R ]

1.5

1

7

0.5

0

1 2 3 45 6 7 8 9 10111213 1415

1.0000

e=——train ==\yalidation

LSTM FHAIFIEGR Loss HT4R [l

1.5000

1.0000

0.5000

0.0000

L

—

1 2 3 456 7 8 9101112131415

{3 == yalidation

30 ~ LSTM ARSI Sk ErER 4 lE (/=) B Loss HT4RE (£5)

7 3+ LSTM BRI IR ST 8L

Accuracy | BLEU4 lgram 2gram 3garm 4garm
0.9553 78.56 86.6 81.8 77.3 73
Loss BP ratio hyp len | ref len
0.1555 0.988 0.988 | 2874949 | 2909826

(4) Transformer

4 ;¥ = 758 Transformer fERUZ
S EHE 2T 4R ]

0.9500
0.9000
0.8500

r

123 456 7 8 9101112131415

em——{rain e=\alidation

4 7 FE 798 Transformer fERUZ

0.4000

ZF Loss HT4R[E]

0.2000 Rﬁ=

0.0000

123 45 6 7 8 9101112131415

e {rgin == \alidation

31 ~ 4 ;£ J7U8 Transformer fEEI| SRAERERIT4RE (/) B Loss JT43E (4)

% 4 ~ 4 ¥ E J75H Transformer fHRY S I5 578

Accuracy | BLEU4 | 1gram 2gram 3garm 4garm
0.9577 79.56 87 82.6 78.4 74.4
Loss BP ratio hyp len | ref len

0.208 0.989 0.989 2877760 | 2909826
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1.0000
0.9500
0.9000
0.8500

32 ~ 8 JEEJIBH Transformer BRI GRAEMERITERE] (72

1.0000
0.9500
0.9000
0.8500

& 33 -

8 73 = JJ5H Transformer fHAIH]
SRAEMER T O ]

——————

123 456 7 8 9101112131415

e {rgin == \alidation

2% 5 ~ 8 7EE JJUH Transformer &R &K IH 785

8 JE & JJUH Transformer fERYF|

0.4000

0.0000

&R Loss 74
0.2000 ¥

e

S—

1 23 456 7 8 9101112131415

e {rain == \alidation

Accuracy | BLEU4 | 1gram 2gram 3garm 4garm
0.9557 79.25 86.8 82.3 78 73.9
Loss BP ratio hyp len | ref len

0.215 0.989 0.989 2878068 | 2909826

A4

12 ;¥ = J75H Transformer f&7Y

-

123 456 7 8 9101112131415

e {rQiN == \alidation

) B Loss fT¢rE ()

12 ;¥ = 758 Transformer f&7Y
B/l4 Loss 4R &l

gg

1 23 456 7 8 9101112131415

0.5000

0.0000

12 37 /758 Transformer ARG GRAEMEZRIT4RIE (/£

e {rain == \alidation

7% 6 ~ 12 73 = J758 Transformer f5RI & IH 585
Accuracy | BLEU4 Igram 2gram 3garm 4garm
0.9552 79.04 86.8 82.1 77.8 73.6
Loss BP ratio hyp len | ref len
0.2178 0.989 0.989 | 2878061 | 2909826
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16 ;3= J78H Transformer f&7EY
ol SR R 2 T 4 ]

1.0000

0.9000

=

0.8000

1 2 3 45 6 7 8 9101112131415

e {rgiN == yalidation

34 ~ 16 177785 Transformer BRI GRAERERYTERE (72) B Loss FTéRE (45)

16 ;& JJ8H Transformer fE7EY
%K Loss HT4% &l

1.0000

0.5000

N

0.0000

——

1 23 456 7 8 9101112131415

e {rain == \alidation

2% 7 ~ 16 )3 = J758 Transformer fHEAI 5 IH 578

Accuracy | BLEU4 | 1gram 2gram 3garm 4garm
0.9492 77.8 86.2 81.1 76.3 71.8
Loss BP ratio hyp len | ref len
0.2381 0.989 0.989 2878065 | 2909826
(5) mT5
mT5 A YR AE R I [ mT5 AIGEE Loss T4 ]

0.8 2

0.6 — 1.5

0.4 1

0.2 0.5

0 0

2 3

4

e rgin e \alidation

35 ~ mT5 fEAGERAENERSTGRE (72) B Loss #T4¢lE (5)

2

3

4 5

e train e \alidation

7% 8 ~ mTS RIS IR T8y

Accuracy | BLEU4 Igram 2gram 3garm 4garm
0.6076 83.17 92.7 86.9 81.4 76.2
Loss BP ratio hyp len | ref len
0.07 0.989 0.989 | 2878258 | 2909826

et > FF Ry LSTM 58I DL K. Transformer f578Y > [ Y A4EHE
# ~ Loss DL BLEU4 73 8UH7Z A K > ZERERZYLE 0.94~0.96 > Loss &Y4F
0.15~0.24 » BLEU4 43 8(&91F 77~80 »

GRU AT AERERS ~ Loss DLz BLEU4 Erlig 477> BiGRU » HEHIHE 7 A s It
FEHEEE A S HAVEIEE » [ e B GE RN — e A B -



mT5 R AERE RN EA SRS > (£547 0.61 - {HH Loss Al HAtES
BB > 498 0.07 > H BLEU4 57852 83.17 » S AT A 239 -
FIEAER BRI TR TR TIIERE » DE T T tEsR - R a2
BERTIR e AP o HATREIREN ) IR EENY T > WEIEE T sucl3 |
FEE| TR > AT IERENEEE R TR ) o IR Ryey KR B R T 5E B EL
KRR > {HEY BLEU4 73 852 25800\ -

AT REISR T F = SIS R 4 ~ 8 ~ 12 M1 16 Y Transformer f54Y » Fij=
YRR 54 By 0.95~0.96 > Loss 25 0.20~0.22 » BLEU4 438475 79~80 >
FIAAZFAK - M 16 3B IUERVERIERER A 0.9492 > Loss 52
0.2381 » BLEU4 5778 7F 77.8 - 1] RUFENTHER —E A2 fly -

2. HERFLLEEDA
R G 4R U BA 2 B 2 E R s 2 (EH &R
1Y% 15%HEFTEEAS

% 9~ HERFELIEBUARSEC HMM 1R IH 53 8

Accuracy | BLEU4 | l1gram 2gram 3garm 4garm
0.9448 88.3 94.5 90.3 86.3 82.6
BP ratio hyp len | ref len
1 1 2909767 | 2909826

HERFELEEUA A FER s 28 e &t L R A R Ry TR e AR
{E P HMM AL S Eesk FIeRAVEY - AREWEFNEHNFYIRE > 5
AECREIRR I I 38 & —E IR - Gehaify A AT RE R - INIELIS-HHAY BP
7TEORs 1 [Fl; BLEU4 7780

. Google #i A T H
Tyt CRad Google gy A T B 2 4y 8 2 Bk B ER B[] - (FRE
RHERE 15%E TR

72 10 ~ Google #i A T EL & IE 78]
Accuracy | BLEU4 | lgram 2gram 3garm 4garm
0.9337 87.17 93.9 89.6 85.7 81.9
BP ratio hyp len | ref len
0.994 0.994 2893645 | 2909826

[#] Google §i AT ELE(FRISE 31 HER L K BLEUA 528505 » £
BP SBCACEIE 49 0.994 » FEEAERF LB EIA(E 0.006 - AHESLIIIE £ 5
EER

22



%= 11~ JIATERE IR

JiiE | HE e Loss BLEU4
GRU 0.8797 0.5242 65.27
BiGRU 0.8581 0.6118 56.39
LSTM 0.9553 0.1555 78.56
4 7} = J79H Transformer 0.9577 0.2080 79.56
8 J¥ & JJ5H Transformer 0.9557 0.2150 79.25
12 ¥ & JJ58 Transformer | 0.9552 0.2178 79.04
16 y¥ & JJ58 Transformer | 0.9492 0.2381 77.80
mT5 0.6076 0.0700 83.17
HERFLLEEDE 0.9448 N/A 88.30
Google #j A T . 0.9337 N/A 87.17

fez 11 TR > RS B R F AP LRV RO ATE iC HMM BRI 774 - 28
HfEREY Ry 0.94 > 1ff BLEU4 3 8i= 22 88.3 - B A AT IR ERET -

(3) B
TR LA BRI A - FR e A AR TR © AbT5E2E
Input_Method_auto-Modifier (voidism, 2018, ModifyInputType.py)1fy " IsZhInput ; FI
"IsZhInputs ; PHEHIET—FFHE G BIERTIT ©
(L BT AR PR SERR T - BEREFEF IR - AHFUEEET]
TEE AR E g AOERT - f DA a] e B T ol — (i - R R A - M
AR T = WERMDRE D HIERAT R B0y T (ZEREE)
"6,~"3,-T4, DIR T FBASHRLL BT BRI AT BIgERR T ([ 36) -

ST 4 (FEBFn) -
"6y ~ "3, ~ T4, ~ 77,

rup wu0O wuO fuécl3
(SEXEFHF)
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R 12 2R 14 BBEITTEHNN

VAR AT 2 R Hrp &I R B R

ARG -
F 12 ~ BIEFERRER A ET AT 2 45 5R
I35 | A vup 5j6vu84284m3 u.3w96j0 ru8456
IEHERT S BT R aEEE
GRU US| HEEEE
BiGRU US| HEEEE
LSTM N ENEE] aEHEE
4 ¥ = JI9H Transformer | 7T T AR HEEEE
8 J¥ = JJPH Transformer | 77T AR aEEE
12 73 E /794 Transformer | 77T AR HEEEE
16 ;3 /755 Transformer | 57T T AR aEEE
mT5 I UENCH] aEEEE
HERFCLIEE R BT KRR HEEEE
Google i A T.H W KRR aEEE
# 13 ~ BIFJERREHE T E T 2 455
I35 A aup3s06¢j84ep wo6m3u vul3m4vu ¢j8
u;4a87 ? yp3ai7s84ai7cl3t
IEHERTRE MIFgREIR A RE— R 2 | NEIEEANEFIZ
GRU R G —FE 2 | /NEAVEERETIZ
BiGRU LHEEEIRAE S ? | /NEENEER Tz
LSTM FIFEEEIR e — RIS | /NEFEVEEARETIZ
4 7EE JI9H Transformer | [ FHEEER & RE—FR"E ? /NE PV ETEHR T IZ
8 ¥ = JIPH Transformer | FEEIR GEE— 1S 2 /NE PG ETEHR T IZ
12 73 E JJUH Transformer | BEEEEER G RE—RRUS ? /NEPEICETE AR FIZ
16 73 & JJUH Transformer | FEFHEER GBS ? /NEPECETE ARSIz
mT5 P EEER B aE — 1R /NEPCEEAR Iz
HERELLIE DR FIFEEEIR Bee— NG 2 | /NEFEEEARETIZ
Google iy A T H wesERaE—aEl] | EENEEG
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* 14~ BIFHERREE - HEFR AT 28R

Tk EA cp3u065j/42k7g4a87 ? yjodcl3su3g;4j;3s/65
xu/4j94su35 214j;3xj4xu/4u 2j0
214b41p3m061p3ru.4u.3 2k7bp6y942u/ su3x87 !
ao3rmp

TR TREZERVETS ? SSAMRA | SR EAERE R E A rS
HHAFEARARE S U AAEHT ORI !

GRU REZEHYEYS ? MR | Sdr iR E ARk E A pS
EHARFERE - [H#E Bl —THAYASE (B R A B

BiGRU {REZEHYEYE ? DIANMER] | Sdr iR AR R E A rS
HHARFE AR A ZE H— W ATE S !

LSTM REZERYENEG ? MR | Sdr R EAEaE R E A pS
HHARFE AR A =ZE U AALERT IR0 !

47X JI9H Transformer | {REZEEAVERNE ? SHYMRA] | SR E49RERIZE A8 RS
HHARFE AR A =ZE Fr— U AAEST IR |

8 ¥ = JIPH Transformer | {REZEAVENS ? SSYMRAL | SR H4GRE R E 4IRS
HHARFE AR A RE U ALENT IR0 !

12 73 7= JJ5H Transformer | {REZEEAVENE ? SHYMRA | SR H49RERIE 48RS
HHARFE AR =EE STt ANAEHT R |

16 /35 JJ5H Transformer | {REZEAVENS ? S59MRAL | BeiF IR _E4EREHIEAEES
HHARF AR SE U AAEHE R |

mT5 REZEAVEIG? S5MRA | SR AR R A ps
HHARF AR RE S —UmH I AALERT IR

R LLERDE TREZEAVEEE ? S5AMRRD | SR AR R A ps
HHARFARAERE S — U AAERT IR0 !

Google fiig A T H TREZEAVEEE ? S5AMRED | SR ARk A ps
HHARF AR SE S—wtg ANAERT e

% 12 23R 14 5151 > fra AR A LAy a0 - BoessiieE -

BlREHEFI a7 > BRER GRU Ml BiGRU A B2 §855 > 12 73 E J5H
Transformer A1 HHERFIZFEER - mTS FBAIEIEEH PP 5% > Google #iy A TR AEfE
AR SRR AIEERATE - IR P R - B AR A T > A
ISR - UH DL GRU 1 BiGRU HY§HaR A FyRiE -

BESAKE - HA LSTM BEILL R Rt BUASE & IEMERRIER IS N /) BT -

B~ EEmAJEH

— ~ ARy RS
PERF S - St g EEEAVIFTZERAES R TEA - WH B E
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A - i EHra T HMM IERIFT AR A R R e s e LU E
e e
— ~ BARUR A
FoERTE NE AT R Z s - AT s WE A B GitHub Hif - (£
B ] (o A AR AUEIIR T & B O RAVIRRS - (B 1)
=~ ARG
Ryl R RES 5 (EHY (E A TE Z SRR - R BRI AL EL 2 2] Discord Bot (fff
#%2) L o £ Discord iE {EMIREAGHs - HERANTFTRE 1L s NEEE E Ak
BHEREs - EE AERSOCH AR A oy - tbises AT RIS EEEst sty or 2%
¥ o (5% 8)
Y~ EIEEE
AT ZE(E 4R ELis FUARE I HMM AT RRIRCR +0 BREF > INELRFEEE IE
it E A g Ry SO E T A RR AV BRI F A TE R R e {5t 88 IR AL IE
tfgryhoC e T (B 37 0 fifgk 7) -

rup wu0 wu0
fudcl3

ERERLEEZEE

37~ B LR A R S TR R
I

AW i A OAEVI DRI DA EE I SCFAE Reall BB - B8R it
PRELIIERIA(E FUEEDE o h i BT EEEES - Y TR R RS L E B
fic HMM 58 » HERERLY R 0.94 » H BLEU4 738052 88.3 » Ry sy » LS &y
Google iy A T E & H4Y 1.13 73 - GRU A4S BiGRU 58 - {5H1#E m 458 — S B
[t o LSTM #5158 DL Kz Transformer SR AH LR > 1] Transformer (Y578 7T B 7 BRI it
RARFZE » HaEEF] 16 )32 SJUEAY Transformer FEAAEREZRAT BLEU4 73 BAH K > Loss
SR o B mTS5 SR HURERESRAHE HA )7 AR S 2 » AR R R/ D Bl -5
EHE L R BT g B B AR o ATTFEATR R B EEE A Google A T H. » X

26



HERFLLEBDERTA 73 E S Google iy A T.HL « LSTM L) Fe#% Transformer fHAIEREAR B =
it Google iy A T_E. » BLEU4 738l - HEpiFAI41 GRU ~ BiGRU DLk mTS By B &K
11t Google i AT & -

SRS - YERF LIS RUARE I HMM B8 Bt iy U577 - B85 i3 (A9 Google i AT
H o AIEREA R R T T EIRR S

G EIeE ST ANERRRE ) RMIEISRE R EE - BRI SRR S
MISHE - [FERFEISRE R ARG AE - R A ISOME AR B > DU A ] T 3 e
HREE -

FEFER DT > AT AR 4R BB SR AGHY B Bl - &2 B IEH SR 1 #E R[]
B o MERCRIENN TS AET T FRIERINE - (R RES R R R T

. sEEE
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4.

5.

LRE=S

GitHub [ H A (s F e )
https://github.com/gallen881/bopomofo2hanzi/tree/c806ffcelad2ce1d5776b729c01bf13559185¢
do

LN Y€ TR S P Eep e

https://discord.com/api/oauth2/authorize?client _id=1102165886766415932&permissions=27487
2748779&scope=bot

FELI DT Transformer FIEIEH:2

Microsoft Windows [hR 4 160.6.19645.3324]
(c) Microsoft Corporation. Eff#FAE  WES —t#EF -

C:\Usershauer\Documents\ML\translate>python translator_transformer.py

7:rup wu® wu@ fudcl3

S KEml

TE&S I P T LSTM RERUE

Microsoft Windows [hF 4 18.8.19845.3324]
(c) Microsoft Corporation. Eff#FE  UWEZE —TI#F -

C: ‘\Usvﬂs‘\auelHDocuments\l’ﬂL\tlansLatebpython translator_RNN.py

I T A L A
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Microsoft Windows [hRZF 16.6.19645.3324]
(c) Microsoft Corporation. EfE#FFAE LHEE—TEF -

C:\Users\auer\Documents\ML\translate>python translator_viterbi.py
?:j:ucj/e6
(2.4397u23422810877e-07, ['FE',

(2.4397u23422810877e-07, ["HE',

6. £ Google Colaboratory #{T mT5 fEAIENEE

i o prefix =

# split char =
punctuations = ', , . 7

def engTyping_insert_split char(sentence: str, split char: str) -> str:

insert _times = @

sentence_list = lis

for i, char in enumerate(sentence):

if char in ' 6347' + punctuations:

sentence_list.insert(i + insert_times + 1, split_char)
insert_times += 1

return " '.join{sentence list[:-1])

inputs = tokenizer{prefix + _ _ split c
outputs = model.generate(inp :J : I"l-u -Fl.-l'q'lll.lrm D'IIJILID top_k=38
print(tokenizer.decode(outpu] _" o

1& = = | ™ |

T B0 == H

7. MR LEFA B IEERE T T

Microsoft Windows [hE & 10.8.1960u5.3324]
(c) Microsoft Corporation. E{F#FE I RE —tN#EF -

C:\Users\auer\Documents\ML\translate>python fix_hanzi.py

a4




8. WIFEHRIEFF R LR

Translator '&EA

j30

Translator (=EA

a y?4e04a86
Translator =#A

L&l
2/32/3ul4t jO3h0 xkT
® 4t jO3h0 xk7

Translator @EX
e

Translator =#A

e |
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