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Abstract

Designing and developing an efficient text summarization tool for Thai
language is still considered to be a challenge. The goal of this special problem is to
overcome such challenge by applying deep learning technique, one of the
increasingly popular fields of study in the era of big data. The Thai news dataset used
in this work is collected from Thai PBS TV station, consisting of 29,170 news in which
only news headlines and short news were used in developing a machine learning
model. The results showed that the proposed model has a good potential
evidenced by a performance evaluation, called ROUGE. However, there is still room
for improvements especially for the accuracy aspect. In future work, we expect that
with more and larger news datasets, our deep learning-based model will perform
better. In addition, applying more diverse/new algorithms of text summarization
should also be considered in improving the overall performance of the Thai news

text summarization system.

Keywords: Natural Language Processing, Machine Learning, Deep Learning,

Text Summarization, News Summarization
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Fouideyaniiaz 1,000 doya

5 A’ [ v a ¥ o VY a °
VNUI‘Uﬂ']iVl’N’]‘Uﬂ'iU 1 LLUGI??EN‘UEJMI‘VIﬁﬂW5ﬂ'1U’Jm‘UE)NﬂW§i’W]°U'eNLL‘U‘U‘{I’]aEN

1 v
a

(Loss Value) uagUsun1s1iimas (Parameter) YounvuTaesliiiniugniesIndadiy
mmﬁlumsﬂ%’uv&hww'ﬁﬁLma%%aiqwaviaﬂ’nuqnﬁawaqLLU‘uai’"naaq AU ULAITINDITINAS

fuuamanlunsUSUAN T Twe S zay

2.4 Epoch

Ao 1 seulumsFeuivesuvuTrassiudeyavimug 19y $1uau Epoch wiriu 5 fie

I
Y s v

Amualiluudassfinsdeuiudeyaiamundu 5 seu

v

2.5 9n3M13138u3 (Learning Rate)

fie Arivsvenismauniailumsuiusnudoyanisasuvesuvusiass wndl
@ A  yy a 0 9 v ° 1y v o < v v i oo ~ v
onnseugiesiiulleziliuuuirasadilnddmeunigniosdn wimniishsinsideus
fnnfuldagihbiuuuinassimzaesiuieyaiinaoudgaunuiuly fufuudaded

MsimupfIERIINSEsus ilanumnzauiuisasiuuTaes

2.6 NM58AIAIINNSIT8US (Decay Learning Rate)

nndgmlunisdivamnumnzauresdnsnisiien msandnsinisiouiay
° W a v al v a ° vl 1Y
annsaandymmsimuasnsmnmsdeuiivusanld lne deufvualisinsandnsins
a % 4 a v ° v o ' 4 9 v ° = a vl
Seughie WesuduszimualidhnmaGeuiiidiunniieliuuudiassdingiiouinmg

Y o Y " @ a P | P ° I~ a P o v v
ﬁlqﬂuuvnﬂ']iUanﬂﬂ']a@]5']ﬂ'ﬁl.3ﬂuza\uiaﬂ 4 Lwa‘lﬁLLUUﬁl'lamum’iLiEJug ']ﬂQLWE)UU'ﬂ»ﬂa

° ] v o
ﬂqmaUVIQﬂma\’NqﬂV]?‘iﬂ
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Decay Learning Rate

0.005 -
0.004
&
£ 0.003 -
on
£
E
n
2 0.002 1
0.001 -
L] T T | ;28 % ) L
0 100 200 300 400 500

Epoch

o 9 -
E‘U‘VI 2.2 Llaﬂx‘iﬂ’]iﬂﬂﬂd‘ﬂ@ﬂﬂﬂi’]ﬂﬁlﬁﬂﬂi

2.7 One-Hot Encoding

- a = A o ¥ 1 o - o [}
Aagavesdn (1 w39 0) Mnausunudeyaniy q lasdlaA 1 1fes 1 Aunduay
o 1 A o | o @ ) 1 o/ L = 1
AVYIBY iAvinau 0 g “dulinjdeslne” aunsauvasandy One-Hot 104
usiazAlanell
au = (1,0,0,0]
%ﬂ = [O: 1} Ov O]
=
BILN = (0,0, 1,0]
ng = [0,0,0,1]

2.8 Weiduiadugeyde (Loss Function)

ardudaugads Aoiaiduildluinninuuansiesenineasafuafiuuusians
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2.9 Categorical Cross-Entropy [3]
foflarduilimaseaoulnst (Cross-Entropy) lumsinmnugaudsanmsvinig
YBILUUTIABY

wulnst AenisinanulindusulumsyungnaansvawuuIIaes

= N :
H(p) = — Xi=,pilogp; 2.1)
o P ' & o a ' &
We p AoAUUILTUNILINAAANERN § 9INVIvUA N AaNd
H A9A Entropy U84 p

Cross-Entropy fian15iamiamum1ereinIsuaniasausdulumsviunenadns

YDILUUINADY

H(p,q) = - Y, pilogq; (2.2)

We p Aemuuaziluvesradwsluusageata (Class)
INAANFVIINUA NAaa

q Aawadwslun1sviunenata (Class) Fuluguuuures

One-Hot Encoding

H AaA1 Cross-Entropy 484 p Uag g
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2.10 Optimizer
< o a et ] [ [ 1 4 ?:l L% £ A £ 4 o a ¥/
Optimizer ADDANDINNAINTUUITUAINNUINUN (WEIght) LWEﬂ‘WLLUUQ']ﬁ@Qﬂ'ﬁLiEJUE

v d  a - v v |
mein3osdiingeds (Loss) AnugnAeiesiign

2.11 ROUGE (Recall-Oriented Understudy for Gisting Evaluation) [4]

%
b o v o g

Aomaindniulsziliunanisasuianudnlud@ (Automatic Summarization) way
Y] Y $ < a a ¢
MIkUan1wiieLAIes (Machine Translation) lngn1581e8eannsasunionsuuanuywe

[V

a5199u lnedlaunisaail

dnudiimuiendu (Overlap)

Recall = (2.3)

° o & v
Innuiludselenaguinngnaos

' P o o & % -~ [
A1 Recall A® ﬂ']3"3ﬂﬂ’mll?ﬂll'ﬁﬂlUﬂ'ﬁﬁQ'l‘Jlaﬂéamlﬂﬂ'NJaﬂaaﬂln NIDAINNVDAINU

b

¢l v
NaaWﬁ‘V‘lQﬂmaﬁ

Snnudieuieatu (Overlap)

Precision = (2.4)

o o .o o v &
Tnnumlulsslvaaguinnuuuitaeainelu

1 b < Y v YV a‘ Idl £ < L
A1 Precision Aensinmuauisalunisvindeyanliinerdesesnly nieliasng

ﬁammmaﬁwéﬁ‘lﬁgnﬁm



13

2.11.1 ROUGE-1
Aen1siannugndeswasnisasudeanuvienisulanwilaginaineuany
\Aenffu (Overlap) ¥3MdeANen 1 A1 Fegady
Uss‘[aﬂaqu‘zmﬁmehaaqa%a‘ﬁu: the cat was found under the bed

Uiﬂﬂﬂa‘gﬂ‘z}nﬁgﬂﬁaa: the cat was under the bed

flA1 Recall winiu

R ll—6—10
ecall = == 1.

A" Precision WAy

6
Precision = - =86

2.11.2 ROUGE-2

AonsinANugNABvRINITATUTaRAMEYIBN S WA wIlag TAaInAINATY

A o o L hd o 1 A o
1NenU (Overlap) VBIAMILAIIUYIINIUIU 2 A Qﬂﬂﬂiﬁiﬂﬂﬂﬁﬂ‘lﬂ'ﬂlLL‘U‘U‘J"IaEN

L4
o @ v

» X o | v v
aisularUselonaguinngnsies seldaniuseeil

Y

the cat the  cat
cat was cat was
was  found was under
found under under the
under the the  bed
the  bed

@1 Recall winnu

4
ROUGE2gecqn = = 0.8

a P | W
1A Precision tY1INAU

4
ROUGEZprecision =g = 0.67
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2.11.3 ROUGE-L

Aemsiapnugndesweinisasudernuviensulaniy Flaundenas
U ROUGE-1 way ROUGE-2 fafildinanaanludhnadiu usidm$u ROUGE-L axldaunns

LCS (Longest Common Subsequence) luniséuan Sadedvasnisld Les Aol

v o o ' ' P ' L% | o w o v =2 = o w o
m@ﬂl‘UﬂWiQUQLLUUWBLUQQ LLG‘IL‘ﬂ‘uﬂ’ﬁ’il‘UﬂLiEJ\‘iﬁ’]ﬂU‘VI?ISVIE)uﬂ\‘lﬂ'ﬁLiENE"I’TﬂUﬂ'ﬂ‘U

Y

@

seauUsylun Fadlaunisnedl

LCS (Uidﬂﬂuuuﬁﬂaam‘?w%u' Usl6A,vne)

Recall =

(2.5)

° o 5l Yol v
Innumluvsgloraguinangnass

LCS (Uiﬂﬂﬂuuuiwaaaasvwﬁu , U3tlenynn)

Precision = (2.6)

° o o al o &
Funumlulsdlonaguaniiuuuiiasadisiu

2.12 F-measure

o M a a °
F-measure (F, Score %38 F Score) AaAtadaguseanslausiuyeiuuuinasdnig

\SHUFVRAUATOY

__ 2xPrecisionx Recall

= 2.7
Precision+Recall M)
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2.13 Longest Common Subsequence Problem (LCS) [5]

b4
e

A - 2 - »” ”
dledeansidouiiivugadnes 2 4a ldun “AGCAT” wag “GAC” g LCS 9edl.

o

JupausLiung fall

P~ P 7
A5 2.3 Susuas19mns1e LCS

@ AGCAT

Q

O >» 0O
Q

Q

o v

- YO~ fo a ° a o w a
SUAUUIAIMADINITATUIUUNITULUUAT WANLTUAITIN 2.3

L4

a - o 'Y o = & v @ o
LiuLUSHULWUU@ﬂUilULLﬂ?W 2 A9 G AD NUBNWIADALY

7 2 Ao A19NYS

= | ey o e b | e % ° v & et
LMUQUﬂuwiaiﬁJ %QiﬂﬂaaWﬁﬂ@ 11]L143J@1Jﬂu Warul @ Wi@ﬂﬂ\’@ﬂﬂi’u"uuuasaﬂ

Wi lumsedsgusnes

g s

Q’.II ° a ' g g < v L L Y o a
nuuAnfiunsaefiupeduli 3 svldnadwsAesnesiniloudu Tivinisiia
9nws G uargnAsTvudeslunemudieileluns

5 o a b Q7 v ea v v A W 1 -~ (% Y o a
NUUANUUNITADNUARANUN 4 Q%1ﬂNﬂﬁWﬁﬂ8E)ﬂU§11]LVDJBUﬂU Tyinmsiiy

LY @ 1

adnwsfneuntiiinileuriu fie G uargnAsimyadnesivilauriunoumi

q
a & % o Y a o« o QU e v ' v oy
ﬂﬂmﬂwqﬂﬁqﬂLanQﬁﬂﬁﬂaﬂl‘ﬁ‘VlLWN@Uﬂuﬂuﬂauwuqagwqﬂﬂqu‘ﬁqﬂ

° a 1 < v @ ¥ v € o a‘l’ a
AtiunswuluiEey q uauynmIsnys wlanadnseiiingnn 2.4
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a ° v v a
M990 2.4 n1sAuUId LCS ﬂU‘U@ﬁJ“aLLﬂ'JV] 2

el a 6 €lin =

I

@0 2| 6 | @ o | O

G 3| Jo|\G)| (&) <—-(G)!<—(G)

Ao

o a (v a‘ -~ [y s LY (d -~ v Y 6 (%
6. ANTUNITAULDIN 3 ADONET A NUABANUN 2 Ad A lANaansARdNYS
P ) v o a o S - Y v oA
willouriu Tihmsiudnes A wavgnassudeslunisnmugielelunisn
n‘; 3 a 1 s 1Y (A ¥ s -~ s 1 -~ LY Y o a'
7. ndusndunsiatuAeduun 3 ¢ ldnasnsAednwshivilauiu Tvviinasiiy
) N v o v oA 4 & v ) o & w
gaonwsmnaumiimiloudu fis A way G Fuzgnastidmyndnesiivilouiu
ADUNTI ADNNAULIBLNBTLYUIMN A LAYV NATUUY DTN G ward1nsu
MR tUNISHUADaNNN 4 AgldradnsivuiuiunIsANTuNISUADANYN 3
8. Tunisandunisiuraduii 5 velanadnsAelidnusivilaunu Wvinsiiudnys
GA uaggnas¥TuBeslunnudedalunise iewianneuntiliguuuy
Snwsidleuiufe G uaglunsanliunisiuisnysivilouriufe A Ay gadnys

Aoounulun1seie GA

v '
fw A <

9. andunmsiuilluizes q wuNFmSnYs linadnsaainigan 2.5
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d [J v v o
M19199 2.5 1A LCS AUTBUAUNIN 3

< J a v W ¥ 14 o € qv
10. LBAUUNTITATUYINAIBNHILGT wlanaansasil

g A G & a | x
o o o 2 o
ol Ja N@ (@) | @) | «(©)

0 "0 e —maE G (69

%

o

o ° v v =i
MA15199 2.6 N13AUI LCS ﬂU‘UE):gJﬂLLﬂ’M 4

Id A 55 c | A N i
o o el 87\ TN T \\ P
G 9o QQ,‘ N =l S i@ @ —(G) ~(G)
A0 e cmaE NEA) (GA)

€ o im) dae NGO ,‘,‘T(,A(i)_ & (GC) & (GA) (AC) & (60) & (GA)

11. MnuwinIsduduILANEIEaATeIgRanyIluuANarYaInI1e aglanadnS

fagulunnse 2.7



A ° e 1
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v iy o o a & o | W Ay 1
AN LARAaaNENTAUUTUNISVRIHINYUY LCS nu 2 (AAIUaN

= oA ) o A ) | " W v
HQJ‘U’J’I‘UENWS’N) ﬁ\iﬁﬂ')']uwu’]ﬂqq N‘q@]aﬂﬂsﬂLV]U@UﬂUfJWQqu@LWWﬂU 2 MIDNYT

lown AC, GC way GA
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=

2.14 M15138U31998n (Deep Learning) [6]

Y

- YV a - ¥ d‘ v o Y a
msnwugmanLﬂum'uwmmmaug‘uauﬂsaq Maﬂﬁ']ﬂiy‘llﬂﬂﬂ'ﬁﬁﬂugl.‘ﬁﬂﬂﬂ Ao
L ac o v o < g do v
E)ﬂﬂ’r]iﬂll'VIWEﬂEJ’]JJﬂi'NLLUU‘O']aENLW?JLWIUE'LJLL'UULLﬁL’ﬂ’J’]:JﬁﬁJWUﬁ“UE]Q‘iJ’E]HaVI‘UU‘UE)u Taenns

% % v % ' o Y 4 @
afrsaandmonssudoyauarUsznaulumelassaiidos quanedunievastuiensienu

hidden layer 1 hidden layer 2 hidden layer 3

input layer

e il/,}

".

74

l: ) v
!,‘ XXTIN ST

/2 N BER UHRa
\\[.A O e T e e

7
957,
of
]
\li\
=5

A
%
)

.

%

(A
¢
vz
0 e

7 A G
TSN

22 ,:\‘3‘\»‘

o
X

o

C 4
N\
¥
D

;49 7

o ' P
- 3UN 2.3 lassunguszamiiisuwuudn

Fu: https://www.kdnuggets.com/2017/05/deep-learning-big-deal.html)

n3U Ao lassieyszamiiieauuudn (Deep Artificial Neuron Networks) Usgnau

o
a % (3

Tudhedudune, duernakazdugoudiuau 2 9u Jadumitluanrlnenssuveamsiious

9

\T98n (Deep Learning)

2.15 msnnuunniiuly (Overfitting)

124 <%

T A o o 14 1 a o o
Overfitting AB qumaaammsnamwaua'ﬁﬂNnaaulmﬂuamm LbALUBDUN

v 9

cada a a o A

wuudnaedluneaeuiuteyayanaasundiarlanadnsnlussdvanine 1Weswnuuudiaes
Y @ a o 8 <% v & 1 -l | "\ Y w -~ ] s
aunsainiu (Fitting) iudeyagarinasulailuegdudliitnunieliaunsoninnisel

(Prediction) Hadwsngneeavesteyayanaaeula



2.16 Dropout [7]

a a _ v a ' - | A4 a a Y
ﬂEJﬂ']sﬂﬂ'U\?U')59“‘(]E]\?Iﬂi\i‘lﬂ&lﬂigaWVIWIPJJJIUU'Na"JU LW@LWNﬂ?qNUWﬂ1Uﬂ7§L58UE

° & ad 9 v o i v oay vy v v
YBILUUI1a8e 3935n15 Dropout dUldifieanlni Overfitting fanlanandunlugnasiu

o ° 1 P~
JUN 2.4 uanans Dropout YeduuuTIadlasteUszamioy

(ﬁm: http://jmlr.org/papers/volumel5/srivastavalda/srivastavalda.pdf)

- v v - ° ' a ady
91n3UN 2.4 msdudrgdsuuuitaedlasstisyszamiisulagundnlaiiinng
Dropout kaz3uneiuYaIfie wuudtasdlasivieUssanniieniniinis Dropout lngdiuiu
vpen15UavslasautuegiunisimunaUesigusinis Dropout YaeENmUI Favzdinanie

UsgdnSn1nn13vinaurednuunaeen1siseu; venes
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2.17 n1si3euuUIugn (Recurrent Neural Network: RNN) [8]

< °o w

P % v v Ao o
aﬂ']ﬁmf]ﬂiﬁll‘ua\j RNN Qﬂ@aﬂLLUUﬂJWLW@l‘UQ'\UﬂUﬂaNaWNaﬂ‘UﬂJgLUUﬂﬂlﬂU

v

% 1 14 d‘ a a LR @ A
(Sequential Data) L% ¥9AU (Sequence of Words) LHBNWIITUINEANITUDTUNUIADUDY
v 1 -l o v o [ G L A
Aus1azlan 1azeufiazaandgielurn (@msunwinensenwdingy) wagn1snie
;2 v 1 5 =l A v L 4 d ¥ o 4‘ J
anunsatlalainuseleamantuiinnuifeteatusedda Weewinsliuiieseesiangs

v ' | ' v v o & a v a -
lduriuluud (anurdeuvdeanuzneunh) uwanfumiiee uly (Feyadunavie

d AJ i ol ! :; o v & 1 4 o e U 14 4
AINLTINTIAIDIY B LIATUY) lvanursadnlaanununegludiunseiiiaeeula delu

o
A

anrUmenssu RNN agldndnnisdignduiuniseruniladed Aenisuiugluuuredlasetig
o~ a v ° - [ 1 v v a
Usgaiilgaiduivelianunsadienaniug (State) vieanuinounthansiuiudeyadunm

Y 1d d o v v <
slwinievihanutiladeyalmdluises ¢
v Y = ;& o A
aatiuanndnenssu RNN 31 2 dauiidrdinyfe

1. @ uzeau (Hidden State) Nauni

v
a LY

2. Upyadunn o LAY
dmsunisesurtemsvinnusely Mvualiiisiwysaed

- UBUABUNA AD Xy, Xy , X3, sy X

Y

- anuzgaunan t awlgiuysan x,

- deyadunnfeyszlondl “duiuina” awlain x, = “du”, x = “Au”

v

ey X3 = “91”

U 2.5 annnenssu RNN

(‘7im: https://medium.com/@sinart.t/long-short-term-memory-lstm-

e6cb23b494c6)



Toeil
H = Hidden Layer
yr = 4079W# (Output) 370 RNN e t
x, = feyadunm (Input Data) flaan t

hy = @0nuzgeu (Hidden State) e t

Y

3103V 2.5 nedreuansliiudafnisaugy (Loop) nduidnufitudeu (Hidden

' '
d o a v a

' av vy v Y v o
Layer) vodlaseangussamiisunanlananlvludisdunarindsdrdgdveanidasnssus
<~ U v 14 _a ;’l d! g o b ,OJ d‘l A o 1
RNN flognuzneunindoyaduws o L1a1lu dmanddguesnmsiugiiivethanuegeu
' Yy o v X & I - ' a da
Aauntnau I lgUues Mseetauedladn antnenssy RNN Aolasenansga sviieuisl

' ° - P ' ' A o v v
UUIYAINUIN (Memory) LWN?JNN"ILW@LﬁUﬂ']aﬂ']us‘liau%ﬂ']u’JmLa']i’Jﬂ@u%uq)

& o 4 v < ° = )
103U 2.5 ¥ UFUNARFUN G180 BNLNBLAAINITVIINIUNALTUADUVDY

an1Unenssy RNN

hy = fu(Upheey + Whxe + by) (2.8)
Tnei
fr Aalanduninsgsu (Activation Function) Ypetutou 1y

Tanh function [9], ReLU Function [10], Sigmoid Function [11]

s

f, AolaNtuNNILAUVDITULIANA 19U Softmax Function [12]

13
= i '

W,  AslunsngAiatiedivn (Weight Matrix) Ustugou

=

U,  Asluv3ngnideuseninedniuggeou (Hidden-State-to-Hidden-State

* Matrix %38 Transition Matrix)

PNANNTITAUIINTAILINER LTI UM t e (h) S1Tudeald 2 duds

dfny Aeanuzdounauminneuniiy (hy,) uasdeyadunn o 1A (x)
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2.17.1 Ugymrves RNN
Tunsusugsardasimiinvedassieyszamiiionsverdudanadiu
Backpropagation [13] dsuaniUnenssy RNN sefin1sAunafiaududousin
\osaniendne y, lildgaduineingasian t=t iilesegraiiien uignAuim
FoLlosN t=t-1, t=t-2, t=t-3, ..., t=1 FapvhiAatagmnsgameovesdunsidou
(Vanishing Gradient Problem) [14] uagnniiaaimg1ivesteyasinagyinlvillona
Wadgwinsagyievesrnnsifsunn lagazdwmaliuuuitassliiinnisseus
ilesnnlifiufuugedrdranimdnauiléndnunludeiu viendnaagulsn
an1Uneunssy RNN Lﬁm‘ﬂzy*mﬁuﬁay‘aﬁﬁ‘ummmﬁﬁﬁu (Sequential) g12tAuly

thies
2.18 Long Short-Term Memory (LSTM)

v v Yy v oa %
nndymvesaninenssy RNN Aldnarludredu finmsiauenisldaarinenssy

LSTM 1ae) Sepp Hochreiter uag Juergen Schmidhuber

Input Modulation
Gate

Input Gate

Forget Gate

Uil 2.6 anlngnssu LSTM
(Lma'\‘i‘ﬁ'm: https://medium.com/@sinart.t/long-short-term-memory-lstm-

e6cb23b494c6)
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v v v v ' o ' °

ndildnaaluludneduudrin RNN Wumileulpseineussanidiouiitivineainusa

ietuiinanuzdeurountn uardmiu LSTM sxmhemmusagnislutuiy uindnddy
al o -J 1 ¥ d‘ o v 1 o

YasaaUnenssu LSTM ﬁaumsmmumwﬂmmﬂﬂmsmmwauﬁlwmammm, au

(av) Teyalumhauimieeygynlikuuiiasssudeyadunals

v
g v

o / A o
2.18.1 N19YM9UYRY LSTM Siudsndmeyasil
1. wadan1ug (Cell State) Aedufivanuzuoseadmingaus (Memory
Cel) lu LST™
- o a 14 - el < n‘ 1
2. Gate Aafimupumsinavesteya Jadieuilioulszgiinesmuguin

- ' a 2% v 4
islwirslalideyalvaidn wasen visluameluias (Forget)

L4
v

UMV 9 U89 LSTM anansauvalasiadl
2.18.1.1 n15au (Forget)
- - ¢ a P a & do

N384 (Forget) AaNT1sauwaaaInIugifneanluianSoununsuy
% I~ S ° P v d o ' - ¢ e v o
Toyalmi Hadunmainuiiluniidaduladiezauniely iWumihiives
Forget Gate

n15d379 Forget Gate agfin1snamndoyadunnusenaufvaniug
dounsuninusznounsanauls lagayld Sismoid Function Tunisimdus

aunng
ft = O'(foxt + thht—l i bf) (2.10)

2.18.1.2 M5ilu (Write)
lefidoyadunalviidian vwiinisiansaney 2 dunsviiau fe
1. aziimsufuupsaneadanugiie deyadunalmivioli 2. minfinsuse

Ug3A1 avuTasaealadeasimanyau
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NA13uIMsUTuUgIATgadaniug aefin1saivaudiuauilag
Input Gate @14 Sigmoid Function uazl¥tayadunmusznouivaniuzdeu

neunthlszneunsindulainsgeygaliuiudgsamsely
it = O'(Wxixt + Whiht—l + bl) (2.11)

" < A a [ 1 -~ &
AmIaulelin sUTuUTRwadanIuz #99¢ Input Modulation
sate 1Uuddan1s lnwaunisiazadrendaniu Input Gate widayldidy
. ° s 1 av v ° P P '
Tanh Function Tun1sdruaa FsAanlaainnisAruaandseuaiouindu

Cell State Candidate
gt = tanh(chxt + thht—l -+ bC) (2.12)

2.18.1.3 msUiuusuvaadaiue (Cell state)

NNNTANUINVDY Forget Gate, Input Gate Wag Input Modulation

R ™ 9 v -4
Gate wi Wethluuiulgawadanuglanuaunsil

¢t = [1Oci—1 +;Og; (2.13)

naunIInIeaulevInludiunsnvesaunisasiiulain an
Forget Gate avfinualiauigananuziduid e f, a1y 0 warfinsifiu

R RGART Cer MUsENBUMIANISANIMSUSUUSS e f, T 1

ludrundsesaunis andudiunisiauuiuusueadaniugain

Foyalwl FaarRarsananeiildan input Modulation Gate (g) s2ufiuAn
a

HAANWTAIN Input Gate (iyidlaamuizauviolyl wan i dandu 1 914
' [ < ' s 9 v daa
A g lun1sufuugaeadaniug wivan i dandu 0 avldlden ¢ Aaid

(Dimension) Wulun1susuugugasanuy



2.18.1.4 15874 (Read)

dmSunadng ar aniu quesdartinenssu LSTM axdl 2 daule v,
war h, ludiuves h, sziin1sdadesArludwadanius daly Feasidnng
Wa1sunaziinasasa h, ldusaaaniuy h,, vseld wSenaidin veuiwad
an1ugl t=t+1 suranuzdoundolyl nsludaunisvhand output Gate
Tunsdndula Feaedendldaunsipuiumiloutunisduin Forget Gate

e

ag Input Gate mﬁ

0y = 0(Wyoxy + Wyohi_y + b,) (219
aunsildlunsiansannsdsesne h, ludneadanuzdaly e

h = o;®Otanh(c;) (2.15)

naun1saziuleimmn Output Gate finadwsen o, Wu 0 azvilw
ladwadnsves h, dandu 0 Fellmumungirnylideiln q senlulvwad
anuzdnll wasluvaziieanumn o, fandu 1 danumneinag e

h, wazdsanaansluduvasanuednly

2.19 Bi-directional LSTM [15]
Bi-directional LSTM %38 LSTM WUU@8MANIS gnWRILsiayanInan 1 Unenssy
LSTM &eaziimsmsvihnumiioudu LSTM yadsznns uadevnswuiaeadaniuygaving

udszvimsiuadeunduludseyadunndduusndagy
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%

sU#l 2.7 anUnenssu Bi-directional LSTM
(Fan: https://towardsdatascience.com/understanding-bidirectional-rnn-in-

pytorch-5bd25a5dd66)

2.19.1 YuRdUN1TNY Bi-directional LSTM

ol

dusuni1sTunauUNITANTUN1U Bi-directional LSTM fisail

5 A o ~ 1 a o
Junaui 1: dudunsiguaenuanIUaenssy LSTM ‘Vlﬂﬂ'izﬂ’ﬁ

5Uii 2.8 Bi-directional LSTM funsuludranii

(LLf’ﬂ‘UgUiﬂﬂ: https://towardsdatascience.com/understanding-bidirectional-rnn-

in-pytorch-5bd25a5dd66)
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v
o

A o a 1 o 4 A. L 9 A
Jupoun 2: mfiunsiuinefvaniUaenssy LSTM Vﬁlﬂﬂ'ﬁ%’ﬂ'ﬁ WALIUAUN

Joyadunnaduaaneludseyadunndiiuiiunu

9 Y

< . . . 5 v L2
3UN 2.9 Bi-directional LSTM Jumadugaunay
(Lkﬁi‘ugﬂmm https://towardsdatascience.com/understanding-bidirectional-rnn-
in-pytorch-5bd25a5dd66)
3 - o 1 ¢ (3 day o @ a o 1 al Y
YUNDUN 3: UIANINLADIVDIUGARFNTULNUYDUAAIAULALINUNIABLILINU
(Concatenated) 9y 1INWBS A = [1, 2, 3] wazlInwes A’ = [4, 5, 6] Wadduns

A concat A’ glanaansae [1, 2, 3, 4, 5, 6]

31]“71. 2.10 n15 Concatenate
(LLrﬂ‘ugﬁJmﬂ: https://towardsdatascience.com/understanding-bidirectional-rnn-

in-pytorch-5bd25a5dd66)



2.20 WUUIN8DY Sequence-to-Sequence [16]

o

o d o
LUUII8BY Sequence-to-Sequence Wunisiauianidaenssy LSTM tiedun

1 a

Ad & o w 5 1
witgymniideyadunauaziodnalugluuudeyaiduddu (Sequential Data) ity N3

Y

v - & v
WUaNIWINILATY, LWanuan Wunu

ENCODER Reply

A

Yes, what's up? <END>

G b e !

ERl 43 I )
I T |l I ) J
Are you free tomorrow? <START>
Incoming Email DECODER

gﬂﬁ 2.11 wuuiiand Seq2Seq

(Fa: https://towardsdatascience.com/sequence-to-sequence-tutorial-dfde3ee798d8)

d15Un15Y9UYBILUY Sequence-to-Sequence aggniualu 2 drunisineu

P &2 A a ° v &
A8 Encoder LLlay Decoder 9915188 %La8ANITNINIUANY

1. Encoder agyivusuiudeyadunn laeiinisviuniuanidnenssu LSTM yn

Usens

2. Decoder agnusauiutagaiening 9103 2.11 awdulditludiuvenead

a

A0ULITNAUILIUAIINABTNININAIUNITYINNIU Encoder uaziitoyadunn

v

_a v A @, ¥

SUAUABAIIN “<START>” 9nuuagamiunsyiuenaanswazirluiudoua

v

dunalutgaddaly lagiin1saiunisnne gaaun1svinuessandnens s

9

LSTM vinUsgnIs
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2.21 Bahdanau Attention [17]

L4

MNUUUSIa8e Sequence-to-Sequence Wlinswamnitelifinsvihauiidtuuas
wanzaluusazdym F935nmsilasumnufisufevinisiiia Attention Layer idnlunns
Uszanana ag5enine Encoder wag Decoder Asgy 2.12

Bahdanau Attention 181 Attention Layer fil#isuaanufisusenanitavandlunis
Uluszgndldlulywmising 4 wu nMsulan1wdeieies, wivuew, msasutean udy

P - 1 ' = v o ed v =
LUBIINUAUINYNDNITANE LLaSQLViNaaWﬁVI ﬁluizﬂ‘uwuq

o @@
1

Attention layer

o @O@ 09 C?. .?.

j@ i 90

Encoder

e
B

2 f

g'dﬁ 2.12 Attention Layer

(Vim: https://towardsdatascience.com/attn-illustrated-attention-5ecdad276ee3)
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2.21.1 YUADUNIFYINIUVDY Attention Layer

A o ! 1 o
YuUnBUN 1: mmmmma‘]mnwaéamuzmumimmwmam{]maniiu

LSTM nndsens

== 000 QTC Ceo 000

-

L
i

K2

sU# 2.13 Attention Layer M3AMNMGUADUT 1

(fian: https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3)

5 =i [ v (3 o 3
Tumauil 2: MuruAzuuulaglteaianIuzaes Decode iU wadanuzlu

usiagaduIan gy 2.14

e S
.

At s e

P 8 e e 3
l | |

SUT 2.14 Attention Layer msAmaidunoud 2

(Fan: https://towardsdatascience.com/attn-illustrated-attention-5ecd4ad276ee3)



Taeilfeg19n15AUINASY
AvuAy Decoder Hidden State = [10, 5, 10]
ANTUNITATUIMATLUUTD I aa A UL ULAaTasUsIEN1SYI1 Dot Product

¥
S a

se1374 Decoder Hidden State Way Encoder Hidden State 9¢lanaansnadl

o . ° ' B
M157499N 2.8 uanINaansn1syn1 Dot Product $¢%173149 Decoder Hidden

State Lla¥ Encoder Hidden State

Encoder Hidden State Score
[0, 1, 1] 15 = (10x0) + (5x1) + (10x1)
(5,0, 1] 60 = (10x5) + (5x0) + (10x1)
[1, 1, 0] 15 = (10x1) + (5x1) + (10x0)
[0, 5, 1] 35 = (10x0) + (5%5) + (10x1)

(%
o

- ° ) ° o P ' Y
JUADUN 3: YINaANSINNITATUIATUTURDUN 2 HaulenTu Softmax 1

(3 o A

¢ o cada o o Y o a v &
‘naﬂ‘lj'uni)%“/l’lmil.aEJﬂL')ﬂLWe)iV]lJﬂ%LLuuq\'lEjﬂ Ad 60 muulumiﬂ%uum'i‘tjumﬁuu

vldmadns Ao LInwes (5, 0, 1]

Decoder -4\\\“\
1

doe % &R =
| b sl ]

- Q?O .?Q C?Q .?.

s

Encoder - 9 =

- - .-{

—

= " ° 1) o
JUN 2.15 Attention Layer NMIATUINTUADUN 3

(Fian: https://towardsdatascience.com/attn-illustrated-attention-5ecd4ad276ee3)



d L ] L
A15199 2.9 HAadNEINNITHIUTINTY Softmax

Encoder Hidden State | Score Score’
[0, 1, 1] 15 0
(5,0, 1] 60 |
(1, 1, 0] 15 0
[0, 5, 1] 35 0

5 P 5 = o 1 s 1
YUNDUN 4 AUATLUUIINTUADUN 4 ﬂUﬂ']L’JﬂLVIEJ'iLYiaéﬁﬂ'WUSIULLmaS

arRuLIan

@
€]
S
®
o
2
®
@
o
(@]
O
1

= ! ° & o
3UN 2.16 Attention Layer NMsAMUINTUADUT 4

(ﬁm: https://towardsdatascience.com/attn-illustrated-attention-5ecdad276ee3)



o v ¢ v )
AT 2.10 HAAW5IINN3AM Encoder Hidden State wag Score

Encoder Hidden State | Score Score’ | Alignment
[0, 1, 1] 15 0 (0, 0, O]
(5,0, 1] 60 1 (5,0, 1]
(1,1, 0] 15 0 [0, 0, 0]
[0, 5, 1] 35 0 [0, 0, 0]

) o e (% s ) dd v v oo -
YUADUN 5: FIUNFANSLINLADT Allgnment ANVUNBDUNALYINIYNU Iﬂﬂuﬂ”ﬁ

el

SAUAINIUALAUIVDIINADIAIL

Fumisfl b 0+540+40 = 5

MU 2 0+0+40+0 = 0

UM 3 0+1+0+0 = 1
Faduludunsuiiazldnadnide 5,0, 11 Faudonda 1aninesusum

(Context Vector)

E
lm
14

addition
000 -
[ | ! | |

5”““1»“'31“”"'51375

et

éo0 o L e § |
l ] ]

'g

" .?0 .?O .?. Q’.

T 3 T T

o o y o
JUN 2.17 Attention Layer NMSATUINTUADUTN 5

(ﬁm: https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3)
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Q’: A ° _ U a 1
Tunaud 6: Yinwesuiunludidunnludiuves Decoder

o o, eoe
% B
1

e Q@@ o
{
§

SU# 2.18 Attention Layer msAmnniuneul 6

,
—q{/.r,) .
ol

(Fsn: https://towardsdatascience.com/attn-illustrated-attention-5ecdad276ee3)

s ¥

awv dd
2.22 WNHASLASITUIYNINYIVDY

v

2.22.1 wnasifieades
2.22.1.1 Neural Abstractive Text Summarization with Sequence-to-

Sequence Models [18]
sreauatuildsunuuuusestuasmaiinmg q fAeadeatunns
aqU%’ammstmﬂ Abstractive #3871138n31 Neural Abstractive Text
Sumnmarizer (NATS) aud w.a. 2558 S8 w.a. 2561 Feuandliiiuiianis
'lﬁmmauhﬁwmumnsiamiﬁmumuuai"maamsL'%'aug”mmLﬂ%"aau.aswlﬂﬁﬂ
fns 9 ilemsagudemmilsitiaugniesnndeduy shliiiedenmsdnyiuas
fesensfumanuideiiAsitestuligmnisagudeninu Tnsfinnsuans
iw%mmuﬁwaaamit‘%'auﬁﬁwm?am%w%am{]maﬂssw?almﬂﬁﬂ fo

Ve v o« v

ARRLS GRS ENAIAUAINYIWNIAIUNITHRIUN
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2.22.1.2 Abstractive Text Summarization [19]
lenansatuiinanisfiuuaranudidy anufidesiu anndnenseu
uazmaiialunisaguden Taeflidewlnsasussil
n1sagudemugnuusesnilu 2 Uszian Ae Extractive way
Abstractive

[

- - 1 v v L7 cy o
1. Extractive W3suiailoun1serunilsdeudraiaiiomdfny
panuvsaAanIsielayi (Highlight)
2. Abstractive WSsutaiiounisarunazyinaudilaiem

o

v a v & 1% & o Y
‘Ua\ﬂ]aﬂ'nuLLa::’L‘UfJu’UE)ﬂ'J']NTJuN'ﬂWN‘LWﬁ LALUBNINAIALY

ar’d a ' v a a s °
weataniauuraulavarlasumiuisy 8 2 wmwada Ao 1.01580
KUUI1aD3 Attention Mechanism 31528 UseN2a/aTULUUS 18D
) a vy P
Sequence-to-Sequence Way 2. msaqﬂmamm‘lmmsmsLsaugmamsaa

stmwmsﬁauiauuLzﬁuu:ia (Reinforcement Learning)

1. wyudraey Attention Mechanism feugnldlunisuitgym
v 41 - o [ ¥ d‘
mMsulan wimeiaies wagiinsununysuldiuigmdu 4
aa a Y PR ) a ¢ a
nizvuuulgminlndides Aedoyadunauaziaifnwnil
sUuvuludeyadidvu Jaluienarsaduildnariuwuzi
WUUYIA8Y Attention Mechanism 28 Bahdanau @415y
wuvIaeansadnwwazinalaladelunsiSusu

SUU5
Y

2. msl¥nsieuiuuuiadunse (Reinforcement Learning) 1ne

nanfinssuiuvuiatuusedagld Policy Gradient-based

I °

Tasn1sussunanalusedual Word Level) Sin1sanuae
AvLUY (Reward) fa8fa%¥n ROUGE dwiudedungues
8n154Ae L{h‘wmwaau.*uua‘haaq‘laiﬂ'zsgm"']ﬁ'm'lﬁuam

NﬁammqnmnLﬁm%amwmﬂ'mmswhﬁu

e

¢
NAANIN
o & a v a ' ) a
Wwesanlumnuduasuan Useloanunnmnaiuenaayil

aAd o o @ ) - ' = -
AunuIENdefduneddule nsenandelunisde
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AMINENiieg aansagniisulaluvateguwuy 3991013

L%

o ¥ uU o 1% e d
AUIUAZLUUAIEAITIN ROUGE agyinlvlanadnsazuuui

ey Falleuliaummnaunaiules

ar

uennlideiinisndnisiidinlunisiausedniamlunsasy

]
L e

v ° a vy < = Yo dy vo a
?J@ﬂ')']ll’uaqLL'UULLUUQW&QQﬂWSLiUUEﬂ')ULﬂia\j ?IWI’J‘?J"JﬂVﬂﬂ‘SUﬂ’J’uJuEJNQQ

Ao ROUGE-L Wwag ROUGE-N

av o4
2.22.2 udeneva4

2.22.2.1 Neural Machine Translation by Jointly Learning to Align
and Translate (Bahdanau) [20]

d A o -~
MnUYMIveUUUTIaDS Sequence-to-Sequence M9¥ULNE

[ v

nnmesuTuNMIanNnesvetudouswugavineludiuves Encoder v
o o 1 é i a A’ o v 5

vinwewadnsludiuves Decoder Fsaannasauiunsiviilianimesludu
doudu 9 danuddgamisasiligyideriugniesvemadnslutudou

o o i e d
Decoder &1iuemn (dvunietlng)

ndymludsulunuideiidnausanitinenssudviunis
17 d‘ = o 3 .’1 1 o @

wlanwmeiases lnednisunninesuesiudey Encoder Tunn 9 dwvuly
USEUIaNaTAVEINNITYINNU Decoder

[ L4 a v d” o v o al' } %4 n‘a‘

naansI NIl i lilauuusiassnaruisaasauseluadiil

2 W oA - = a
ANMNVILEARILARTY nanAsluNdenIUMIEnTe aansagnieulalu
o o o ' @ ' o
nang3Uluy wisiinsiligusluuumiuanaaiuuiaiunsodenii unuie

Wwenule
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ABN1ANu

3.1n58UUNTINATBUTDYA

@ - v < a 1 = ° -
Tumsdanisudeyaeldlulgmiteviazuzausenisilnaounuusiassvenien i

Junaussalul

4

e G P R il

Wunundeya

wlaspéwviee (Contractions)

o °

AnA1 (Word Segmentation)

[

MInAmYn (Stop Words)

o

° < v W ¢

MInATomsNedyanyal

wasknlifluwsuynaunnnesidu “<UNKs”

S« » o« » R ” Y A s 2
Wil “<PAD>”, “<E0S>”, “<GO>" Tuyadayaiiialimuzausenisairanuuinass

MIBEUTVBUATEIUTUAN Sequence-to-Sequence

¢ a v a K AN

wuasAm ANl uastuasndny (Index)

[ [

wUasnulivasmammbuminmasussaldny,



3.1.1msfusausiudaya (Data Integration)
v A o a ¥ € o -l 1
Joyaminldludgmiiasisiusmmnanivlsdaninsimilneddes Tudw

YOUUYUIWIMUA FazuansIviamuaynUsEian Sesdsuniunatlun1silisudn

thawoatuulusou 7 3u >

Aondrvembveim e wyw
vev v thasia,

. wohd
50 1 a.n. oWodonaluusn Awdwrwsuludo '“

s o =

5U# 3.1 3Ulew ThaiPss

(fisn: https://news.thaipbs.or.th/archive)

¥

ayadinaiwvuiassfieteyaludiuvesidetnuardoyatiogdy

914U 29,170 91
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1soKIA0aU 2 gndwdhoudhane-Rans:gulvdrdd

daund ssunatugasantonolussaln dusadaiui 27 we. i luihew
umvwlsanu 2. vheufoy 2.audinn dufissuauhens udransyguilu
dolusrén 1 damiagniowiud 1 1fau ussasahdnluuaidinduizaante

Muiudn 16

13U 1 a.A. 21gadan:dsusn AwdeAusuludy

3w 1 0.0, § nrumsuudamoun danTwdayasuulufeanas andadanidsn
UM winRatunanlideihmoenauiaadntdan drudeususalilaiui
wuosateTlaanludouss 7 sty

Gavg! 4 JaRWQNYAG KIVQOWU-NSaNWA-TUB:IU:-
w3

ASINTIETINEY thuaulnagngisdailay 7,000-10,000 au Wauilssanude
TanunladesEdgmunnadagmfa viuniauss gaRenuna wanet 213
Mbiunadada vufussansauemadsaedadanney

d‘ 1 v 1 d o
3Un 3.2 AIUVDIVBYAUNVUINIUIBIIaNA

o/ '3

3.1.2 ulasm1Fnviga (Contractions)

lumwdanguiinsaaguuasfegduauann W it’s, you're sfinumanemilou

it is waz you are muany Aetuly

o a [~
gUmL‘uaume

v
o ¥

3.1.3 finA1 (Word Segmentation)

@ o

Tutlgymiawilliiinm newmm [21] Seasdndii

o v

S o o o d\ly o I3

v

Tuneutisydniunsdsunasidaudeliogly

AanNaITUlaeldmaARANIS

AnduuvdenndenTignTiumaianisinfsenguiadnysine (Thai Character

Cluster: TCC) H9UNRSNNITYINTUNIT

1. Aumeanudululdviamuslumsmuuaveuad sren1siansunInAsIe

Nilfladresniludiulsznou (Subset) vosyasnusi

1n8SUAUNDNWIHILTA

L9

o L3

ANN

BINIATVIUAVDULYAAN
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2. RsuniumiveadnE it uaveuwaRaIntuneud 1 lasdaidonnis
fvusveuLuamidenndasiungues TCC

- minfifuunadndanmsdadenunnndt 0 sudiunisdaiusumantiy
lulassasndeyausznnia (Queue)

- WINTIWIUNAANGAINASARERNYINNY 0 ¥ANTUNSIIUAYBULLARI
A1uNQYes TCC uazdniiugadnuslulassadredoyauszinnin
LuULRENiY

3. gudumsdrlutumeud 1 TaeSuduiidumiamstumiidundsdeanuadndly
Sunoud 2 Sewnuddunsiaivieya (@)
4. \leAugamssmuaeunfud, fsudengasnysiioniiganiudidunis

antuns (A7)

o 5 ° a J ° v a o (.
31]1/! 3.3 UABUNITALUUNITAINUAVOUUAAINILNALA newmm AUATI

“gnaviany”
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“Snidvane” el
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2. fnsananudululdlunisivusaveulundifeaind1in “6n” uazlanadns 3

A loun “19”, “I9” wag “1Wn”
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€

-~ ) ° v ] 1% @ (s e A
3. RITUINAGNSYI 3 AABAAADINIUNYUDY TCC n3ali Faldnadnsin “1v”,
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s
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TCC wagmNMNUAYBUWANA1I1 “I3”7 SUAUNISAUMINENYS “1” Ligneas
% ] o a 5 a 5 dual - [ 6y o 1 « v 9
MINNHURI TCC Metuiy Aaunaanslutumeuliiies 1 nadwshaA1dn “d1
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a [ ° o Co P o
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6. AWAUNTANADANASNSNIVUALALISURITUNIINIVMUASIN (Root Node) way

v
v @

Y] Ao A 1 ° v o9y
@engadnusnlinnueiuinfiantunsazdnutu (Level) vosununnauld oz
linadwsfie “dnfiin|vas”

aaewaurunsunldlunislunisdadndianainluga PyThaiNLP [22] Saufunads

U (3

AAwianluga NLTK [23] souvianue 298,756 A1 wawiadfmyiluimangauiulem

=

Wawil loun noe., BN, AR, aTmeya, Yls, Woyu, us., Swe, a.an, ans., 989, dle

= a ] @ g wl
f, oG, wushon, wawunn, lag,
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3.1.4 AdnAMYA (Stop Words)
5 ¥ o o . 1 a A o w 4 1
Tudumeutinzvihnisaudnludiuvesdunn (Input) iemdadlifinnuvingeenly
< o <l w1 (ST T a a v
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Percentage of words found from vector dictionary
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Found
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o

o w '3 1 o 0 a v ° ¢l ° o a
Adnvinldwus iy 5,881 A Anldusevay 23.15 wagAdninwuduIu 19,518 M1 An

< o
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3.1.7 il “<PAD>", “<EOS>”, “<GO>” lunadeyaiiielimnzausonsads
WUUT1aRUsELAN Sequence-to-Sequence
- Y<EOS>"
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AaN1HNADULUUTIA0Y 1y
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8. KGO
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WUUIIADY LY
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4. n13 Padding
dmsudeyadunndnludevinlideyaiinnuerivirfuniedsiuiudi
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wiriu i munlidanuduaudludenugniifianugnuinian il
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e lutiiudenugnaiisiui 10 A (litusiy “<E0S>”) wagyi
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uulifvesveyawiriu 1000x10
Frewmniiles TensorFlow 3slddawieuautisimdelunisuasidwiidud
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TensorFlow agaiiiunsnavualnlagdnlul® dwmsudimulusunsy svdosdanion
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3.2 a#¥reuvudiasinnsiBeuivenios
3.2.1 M3NIMUAAT Hyperparameter
- 47U Epoch iy 500
- Optimizer fio Adam [24] wag RMSProp [25] Gy Optimizer Mldsuauiion
guilosnnliusuugdludiusioses Optimizer #du qlHAE Ty
- Loss Fuction f® Categorical Cross-Entropy
- YUIALUNG LU 256
- 91U9UVB3 Units Tu LSTM wad winifu 256
- 91U LSTM Lawwes Wiy 2
- finsdnnadiuataiminngn q 20 wund
- Dropout Tu LSTM aa wirfiu 0 %, 20 % uag 35 %
- $m3nsiFeug (Learning Rate) Awuslvnizusuinfy 0.005 waziinisanas

o =l 1 el
Y998RTINTTEUF UG Epoch AB

Learning Rategy,cp () = Learning Rateg,,cn(i-1) * 0.995 (3.1)



Decay Learning Rate
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Learning Rate
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100 200 300 400 500
Epoch
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o [ % - va o v o J 4
EUYI 2:5 u,ammsaﬂawaaamswmmﬂugwmmmlmmﬂaums 3.1 Wemuunal

gn91N1338USINAUYINNAY 0.005

322 msesnuuUSIasINMsiFEuivaaATes
1. Encoder
- 14 Bi-directional LSTM
- fidayadune fis LINWBTYEIA
- 19 Bahdanau Tun1sa373 Attention Layer

2. Decoder
- 19 LST™

v a -~ ¢ ) d' ° o & 1 [ o 5 ¥
- UayasunafAsINmeivasdl Felunsvinnenadnsintudlatuarly

[

lasargUssamivivy leedsieasidennail
" qudunn (nput Layer) idayadunn Asiininainadnsues

Decoder lTutwaganiugnauntnasINAosUINaa NS 8ese

o

iy (Concatenate) IngauIutinsauviniu 768

2/ B

" Jusgou (Hidden Layer) Hilafdunsyou Aolaidudadu (Linear
Function) [26] lngiidnuauilaseuwiniu 19,878
" guieanm (Output Layer) ) dfendunsesu Aeilaidu Softmax

Tnediduruiseuvinniu 19,878
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3.3 nM9inUseAnSnmuasuuuiiaainisiieuivauasas (Model Evaluation)

drusvlguiniawilda19Tn ROUGE-1, ROUGE-2 Way ROUGE-L Tun159m

UsrAnsnineeuuudnaein1siiouivauniet deluudasiiginusznoulumeaiin

Useansan lawn Recall, Precision way F-measure
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1. Adam without Dropout Model 1
2. Adam without Dropout Model 2
3. Adam Dropout 0.2
4. Adam Dropout 0.35
5. RMSProp without Dropout
6. RMSProp Dropout 0.2
7. RMSProp Dropout 0.35

Tunisadrsuuuinanalasly Adam Optimizer waglifinas Dropout An15a314

o o A a . a 1 - a a
HUUIABY 2 LUUINABY maamﬂwmsqumnssmaammquyt?w (Loss) amnuxaUne
AalinstuluLaranasluu1etie laun wuud1aesdt 1: Adam without Dropout Model 1

wazwuuTansil 2: Adam without Dropout Model 2

v o g a 3 . U
NNIINNADIATNUUVIABIAENITUSULUABY Optimizer WarAIN1S Dropout Lot

oF. =6 a oW -
Naammmquyl,aamgﬂm 4.1
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A15199 4.1 Ltammaé’wémmwgﬂ&'aqiﬂaﬁ’a‘%ﬂ ROUGE-1, ROUGE-2 wae ROUGE-L

Usenausiea1dia Recall, Precision Wag F-measure

Evaluation metric Model Precision Recall F-measure
Adam without Dropout Model 1 | 0.2456 0.2171 0.2237
Adam without Dropout Model 2 | 0.2518 0.2213 0.2285
Adam Dropout 0.2 0.2104 0.2131 0.2047
ROUGE-1 Adam Dropout 0.35 0.2171 0.2241 0.2138
RMSProp without Dropout 0.2462 0.2075 0.2187
RMSProp Dropout 0.2 0.2425 0.2247 0.2268
RMSProp Dropout 0.35 0.2298 0.216 0.216
Adam without Dropout Model 1 | 0.0752 0.073 0.0715
Adam without Dropout Model 2 | 0.0739 0.0714 0.07
Adam Dropout 0.2 0.0564 0.0635 0.0574
ROUGE-2 Adam Dropout 0.35 0.0605 0.0705 0.0627
RMSProp without Dropout 0.0695 0.0645 .. 0.0647
RMSProp Dropout 0.2 0.0729 0.0749 0.0714
RMSProp Dropout 0.35 0.0628 0.0666 0.0624
Adam without Dropout Model 1 | 0.2003 0.2031 0.1855
Adam without Dropout Model 2 | 0.2027 0.2079 0.189
‘ Adam Dropout 0.2 0.1685 0.1989 0.165
ROUGE-L Adam Dropout 0.35 0.1714 0.2086 0.1698
RMSProp without Dropout 0.1975 0.194 0.1809
RMSProp Dropout 0.2 0.1964 0.2114 0.1878
RMSProp Drobout 0.35 0.1825 0.203 0.1759
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s18n15AANNED (Constructions)

ain't: am not

can't've: cannot have
couldn't: could not
doesn't: does not
hadn't've: had not have
he'd: he would

he's: he is

how's: how is

i'm:iam
it'd: it would
let's: let us

might've: might have
mustn't: must not
she'd: she would
should've: should have
there's: there is
they're: they are
we'd: we would
we've: we have
what're: what are
where'd: where did
who's: who is

you'd: you would

%: Wosiun

aren't: are not

'‘cause: because

couldn't've: could not have

don't: do not
hasn't: has not
he'd've: he would have
how'd: how did

i'd: i would

i've: i have

it'll: it will

ma'am: madam
mightn't: might not
needn't: need not
she'll: she will
that's: that is
they'd: they would
they've: they have
we'll: we will
weren't: were not
what's: what is
where's: where is
won't: will not
you'll: you will

xa0: (999719 1 ¥99)

oughtn't: ought not shan't: shall not

shouldn't: should not that'd: that would

can't: can not
could've: could have
didn't: did not
hadn't: had not
haven't: have not
he'll: he will

how'll: how will

it i will

isn't: is not

it's: it is

mayn't: may not
must've: must have
sha'n't: shall not
she's: she is
there'd: there had
they'll: they will
wasn't: was not
we're: we are
what'll: what will
what've: what have
who'll: who will
wouldn't: would not

you're: you are
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1. lAras1auuudnaes Adam without Dropout Model 1

from tensorflow.layers import Dense

from tensorflow.nn.rmn_cell import BasicLSTMCell
import numpy as np

import tensorflow as tf

import re

import time

import json

print('TensorFlow Version: {}'.format(tf.__version__))

CONDOU S WN -

TensorFlow Version: 1.13.1
import json

1

2

3

4 def read_json(fname, key_int=False):
5 with open(fname, 'r') as file:

6 data = file.read()

7 json_data = json.loads(data)

8

Bl if not key_int:
10 return json_data
11
12 json_data = {int(key): value for key, value in json_data.items()}
13 return json_data
14

16 def to_json(fname, data):
17 with open(fname, 'w') as file:

18 json_data = json.dumps(data)
19 file.write(json_data)

20

21

22 def to_txt(fname, data):
23 with open(fname, 'w', encoding="utf-8') as file:

24 data = [str(d) for d in data]
25 file.write("\n'.join(data))
Load value

vocab_to_int = read_json("../../vocab_to_int.json")
int_to_vocab = read_json("../../int_to_vocab.json', key_int=True)
word_embedding_matrix = np.load('../../word_embedding_matrix.npy’) # load

# dataset

dataset = read_json('../../dataset.json")
X_train = dataset['X_train']

X_test = dataset['X_test']

y_train = dataset['y_train']

y_test = dataset['y_test']

CORNDU DL W -

o
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print("Train: ', len(X_train))
2 print(‘Test: ', len(X_test))

Train: 21393
Test: 2377



Building the Model
1 def model_inputs():
2 "Create palceholders for inputs to the model™
3
4 input_data = tf.placeholder(tf.int32, [None, None], name='"input’)
5 targets = tf.placeholder(tf.int32, [None, None], name="targets')
6 Ir = tf.placeholder(tf.float32, name="learning_rate')
7 keep_prob = tf.placeholder(tf.float32, name='keep_prob')
8 summary_length = tf.placeholder(tf.int32, (None,), name='summary_length')
9 max_summary_length = tf.reduce_max(summary_length, name='max_dec_len")
10 text_length = tf.placeholder(tf.int32, (None,), name="text_length')
11
12 return input_data, targets, Ir, keep_prob, summary_length, max_summary_length, text_length
1 def process_encoding_input(target_data, vocab_to_int, batch_size):
2 “"Remove the last word id from each batch and concat the <GO> to the begining of each batch™
3
4 ending = tf.strided_slice(target_data, [0, 0], [batch_size, -1], [1, 1])
5 dec_input = tf.concat([tf.fill([batch_size, 1], vocab_to_int['<GO>']), ending], 1)
6
7 return dec_input
1 def encoding_layer(rnn_size, sequence_length, num_layers, rn_inputs, keep_prob):
2 "'Create the encoding layer"
3
- for layer in range(num_layers):
5 with tf.variable_scope('encoder_{}'.format(layer)):
6 cell_fw = tf.contrib.rn.LSTMCell(rn_size,
7 initializer=tf.random_uniform_initializer(-0.1, 0.1, seed=2))
8 cell_fw = tf.contrib.rnn.DropoutWrapper(cell_fw,
g input_keep_prob = keep_prob)
1
11 cell_bw = tf.contrib.rnn.LSTMCell(rnn_size,
12 initializer=tf.random_uniform_initializer(-0.1, 0.1, seed=2))
13 cell_bw = tf.contrib.rnn.DropoutWrapper(cell_bw,
14 input_keep_prob = keep_prob)
15
16 enc_output, enc_state = tf.nn.bidirectional_dynamic_mn(cell_fw,
17 cell_bw, :
18 rnn_inputs,
19 sequence_length,
20 dtype=tf.float32)
21 # Join outputs since we are using a bidirectional RNN
22 enc_output = tf.concat(enc_output,2)
23
24 return enc_output, enc_state
1 def training_decoding_layer(dec_embed_input, summary_length, dec_cell, initial_state, output_layer,
2 vocab_size, max_summary_length): .
3 "'Create the training logits"
4
5 training_helper = tf.contrib.seq25eq.TrainingHelper(inputs=dec_embed__input,
6 sequence_length=summary_length,
7 time_major=False)
8
9 training_decoder = tf.contrib.seq2seq.BasicDecoder(dec_cell,
10 training_helper,
11 initial_state,
12 output_layer)
13
14 training_logits, _, _ = tf.contrib.seq2seq.dynamic_decode(training_decoder,
15 output_time_major=False,
16 impute_finished=True,
17 maximum_iterations=max_summary_length)
18
19 return training_logits
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def inference_decoding_layer(embeddings, start_token, end_token, dec_cell, initial_state, output_layer;
max_summary_length, batch_size):
"Create the inference logits™

start_tokens = ff.tile(tf.constant([start_token], dtype=tf.int32), [batch_si;e], name='start_tokens')

inference_helper = tf.contrib.seq2seq.GreedyEmbeddingHelper(embeddings,
start_tokens,
end_token)

inference_decoder = tf.contrib.seq2seq.BasicDecoder(dec_cell,
inference_helper,
initial_state,
output_layer)

inference_logits, _, _ = tf.contrib.seq2seq.dynamic_decode(inference_decoder,
output_time_major=False,
impute_finished=True,
maximum_iterations=max_summary_length)

return inference_logits

def decoding_layer(dec_embed_input, embeddings, enc_output, enc_state, vocab_size, text_length, summary_length,
max_summary_length, rnn_size, vocab_to_int, keep_prob, batch_size, num_layers):
"Create the decoding cell and attention for the training and inference decoding layers"

for layer in range(num_layers):
with tf.variable_scope('decoder_{}'.format(layer)):
Istm = tf.contrib.rnn.LSTMCell(rnn_size,
initializer=tf.random_uniform_initializer(-0.1, 0.1, seed=2))
dec_cell = tf.contrib.rnn.DropoutWrapper(Istm,
input_keep_prob = keep_prob)

# projection _layer
output_layer = Dense(units=vocab_size,
activation='linear’,
kernel_initializer = tf.truncated_normal_initializer(mean = 0.0, stddev=0.1))

attn_mech = tf.contrib.seq2seq.BahdanauAttention(rnn_size,
enc_output,
text_length,
normalize=False,
name='BahdanauAttention')

dec_cell = tf.contrib.seq2seq.AttentionWrapper(dec_cell,
attn_mech,
rnn_size)

initial_state = dec_cell.zero_state(dtype=tf.float32, batch_size=batch_size)

with tf.variable_scope("decode"):
training_logits = training_decoding_layer(dec_embed_input,
summary_length,
dec_cell,
initial_state,
output_layer,
vocab_size,
max_summary_length)
with tf.variable_scope("decode”, reuse=True):
inference_logits = inference_decoding_layer(embeddings,
vocab_to_int['<GO>"],
vocab_to_int['<E0S>'],
dec_cell,
initial_state,
output_layer,
max_summary_length,
batch_size)

return training_logits, inference_logits



def seq2seq_model(input_data, target_data, keep_prob, text_length, summary_length, max_summary_length,
vocab_size, rnn_size, num_layers, vocab_to_int, batch_size):
"'Use the previous functions to create the training and inference logits"'

# Use Numberbatch's embeddings and the newly created ones as our embeddings
embeddings = word_embedding_matrix

enc_embed_input = tf.nn.embedding_lookup(embeddings, input_data)
enc_output, enc_state = encoding_layer(rnn_size, text_length, num_layers, enc_embed_input, keep_prob)

WOoNOUDWN -

11 dec_input = process_encoding_input(target_data, vocab_to_int, batch_size)
12 dec_embed_input = tf.nn.embedding_lookup(embeddings, dec_input)

13

14 training_logits, inference_logits = decoding_layer(dec_embed_input,
15 embeddings,

16 enc_output,

17 enc_state,

18 vocab_size,

19 text_length,

20 summary_length,

21 max_summary_length,
22 mn_size,

23 vocab_to_int,

24 keep_prob,

25 batch_size,

26 num_layers)

27

28 return training_logits, inference_logits

def find_max(data):
return max([len(d) for d in data])

1
2
3
4
5 def pad_sentence_batch(sentence_batch, max_sentence= None):

6 """Pad sentences with <PAD> so that each sentence of a batch has the same length"""
7 if max_sentence is None:

8 max_sentence = find_max(sentence_batch)

9

else:
10 pass
11
12 sent_pad = []
13 for sentence in sentence_batch:
14 sentence = sentence + [vocab_to_int['<PAD>']] * (max_sentence - len(sentence))
15 sentence = sentence[:max_sentence]
16 sent_pad.append(sentence)

17 return sent_pad

1 def get_batches(summaries, texts, batch_size):

2 """Batch summaries, texts, and the lengths of their sentences together"""
3 len_ = len(texts) // batch_size

4 if len_is 0:

5 raise "Error: dataset size < batch size, performance of model to low"
6
7
8

for batch_i in range(0, len_):
start_i = batch_i * batch_size

9 summaries_batch = summaries[start_i:start_i + batch_size]
10 texts_batch = texts[start_i:start_i + batch_size]
11 pad_summaries_batch = np.array(pad_sentence_batch(summaries_batch))
12 pad_texts_batch = np.array(pad_sentence_batch(texts_batch))
13
14 # Need the lengths for the _lengths parameters
15 pad_summaries_lengths = []
16 for summary in pad_summaries_batch:
17 pad_summaries_lengths.append(len(summary))
18
19 pad_texts_lengths = []
20 for text in pad_texts_batch:
21 pad_texts_lengths.append(len(text))
22

23 yield pad_summaries_batch, pad_texts_batch, pad_summaries_lengths, pad_texts_lengths
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Hyperparameters

# Set the Hyperparameters
batch_size = 256

rnn_size = 256
num_layers = 2
learning_rate = 0.005
epochs = 500

# Train the Model

learning_rate_decay = 0.995

10  min_learning_rate = 0.0001

11 display_step = 20 # Check training loss after every 20 batches
12 per_epoch = 3 # Make 3 update checks per epoch

13 update_check = (len(X_train)/ /batch_size/ /per_epoch)-1

14 stopwatch = 0

15 stop_early =0

16 update_loss = 0

17 batch_loss = 0

18 summary_update_loss = [] # Record the update losses for saving improvements in the mode/

WONDOML WN -

dropout
[x] 0%
[120%
[]135%

optimizer
[ ] RMSProp
[x] Adam

1 keep_probability = 1.0 # dropout
2 optimizer = tf.train.AdamOptimizer(learning_rate) # optimizer




1 # Build the graph
2 train_graph = tf.Graph()
3 # Set the graph to default to ensure that it is ready for training
4 with train_graph.as_default():
5
6 # Load the mode/ inputs
7 input_data, targets, Ir, keep_prob, summary_length, max_summary_length, text_length = model_inputs()
8
9 # Create the training and inference logits
10 training_logits, inference_logits = seq2seq_model(tf.reverse(input_data, [~1]),
11 targets,
12 keep_prob,
13 text_length,
14 summary_length,
15 max_summary_length,
16 len(vocab_to_int)+1,
17 rnn_size,
18 num_layers,
19 vocab_to_int,
20 batch_size)
21

22 # Create tensors for the training logits and inference logits
23 training_logits = tf.identity(training_logits.rnn_output, 'logits")
24 inference_logits = tf.identity(inference_logits.sample_id, name="predictions')

26 # Create the weights for sequence_loss
27 masks = tf.sequence_mask(summary_length, max_summary_length, dtype=tf.float32, name="'masks")

29 with tf.name_scope("optimization™):

30 # Loss function

31 # the last layer is FC NET as vocab_size units,

32 # and use activation as softmax function

33 cost = tf.contrib.seq2seq.sequence_loss(

34 training_logits,

35 targets,

36 masks)

37

38 # Gradient Clipping

39 gradients = optimizer.compute_gradients(cost)

40 capped_gradients = [(tf.clip_by_value(grad, -5., 5.), var) for grad, var in gradients if grad is not None]
41 train_op = optimizer.apply_gradients(capped_gradients)
42

43  print("Graph is built.")



Train the Model

1 checkpoint = "best_model.ckpt"
2 with tf.Session(graph=train_graph) as sess:

3 sess.run(tf.global_variables_initializer())
4
5 for epoch_i in range(1, epochs+1):
6 print('=" * 70)
7 print('Epoch {:>3}/{}'.format(epoch_i, epochs))
8 print('=' * 70)
9
10 update_loss = 0
11 batch_loss = 0
12 for batch_i, (summaries_batch, texts_batch, summaries_lengths, texts_lengths) in enumerate(
13 get_batches(y_train, X_train, batch_size)):
14 start_time = time.time()
15
16 _, loss = sess.run([train_op, cost],
17 {input_data: texts_batch,
18 targets: summaries_batch,
19 Ir: learning_rate,
20 summary_length: summaries_lengths,
1 text_length: texts_lengths,
22 keep_prob: keep_probability})
5
24 batch_loss += loss
25 update_loss += loss
26 end_time = time.time()
27 batch_time = end_time - start_time
28 stopwatch += batch_time
29
30 if (batch_i % display_step == 0) and (batch_i is not 0):
31 print('Epoch {:>3}/{} Batch {:>4}/{} - Loss: {:>6.3f}, Seconds: {:>4.2f}'
32 .format(epoch_i,
33 epochs,
34 batch_i,
35 len(X_train) // batch_size,
36 batch_loss / display_step,
37 batch_time * display_step))
38 batch_loss = 0
39
40 if batch_i % update_check == 0:
41 print("Average loss for this update:", round(update_loss/update_check,3))
42 summary_update_loss.append(update_loss)
43
449 # If the update loss is at a new minimum, save the mode/
45 if update_loss <= min(summary_update_loss):
46 print("\nNew Record!")
47 stop_early = 0
48 saver = tf.train.Saver()
49 saver.save(sess, checkpoint)
50
51 else:
2 stop_early += 1
53 print("No Improvement. " + str(stop_early))
54 update_loss = 0
o
56
57 # Reduce learning rate, but not below its minimum value
58 learning_rate *= learning_rate_decay
59 if learning_rate < min_learning_rate:
60 learning_rate = min_learning_rate
61

62  print("\n--- Finish ---")
63 print(f'Stopwatch: {stopwatch:.2f} sec.")



Loss Plot

1 import matplotlib.pyplot as pit

num_update_check_per_epoch = (len(X_train) // batch_size // update_check) +1 # step update check
step_add = 1 / num_update_check_per_epoch

len_data_plot = len(summary_update_loss)

len_data_x_axis = len_data_plot * step_add

data_x_axis = np.arange(step_add, len_data_x_axis+step_add, step_add)

N WwN=

—

summary_update_loss = np.array(summary_update_loss) / update_check

highlight_x = []
highlight_y = []
for i, (x, y) in enumerate(zip(data_x_axis, summary_update_loss)):
if(i+1)% 4==0and x> 0:
highlight_x.append(x)
highlight_y.append(y)

DA WN -
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print('number update check every epoch: ', num_update_check_per_epoch)
2 print('update check: ', update_check)

number update check every epoch: 4
update check: 26

Full plot
1 # point
2 plt.plot(highlight_x, highlight_y, 'bo', color='C1")
3
4 #line
5 plt.plot(data_x_axis, summary_update_loss, 'k', color='C0')
6
7 plt.title('Model Loss')
8  pltylabel('Loss Value')
9 plt.xlabel('Epoch’)
10
11 plt.savefig('model_loss_full.png') # save to image
12 plt.show()
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Last loss on epoch (avg)

1 loss_per_epoch = [summary_update_loss[i=1] for i in range(1,
2 len(summary_update_loss)+1) if i % num_update_check_per_epoch is 0]
3 data_x_axis = list(range(1, len(loss_per_epoch)+1))
4
5 #line
6 plt.plot(data_x_axis, loss_per_epoch, k', color='C0')
7
8 plt.title('Model Loss")
9 pltylabel('Loss Value')
10  plt.xlabel('Epoch’)
11
12  plt.savefig('model_loss_epoch.png') # save to image
13 plt.show()
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L to_txt(‘summary_update_loss.txt', summary_update_loss)

Model Evaluate

1 def text_to_seq(text):
2 "Prepare the text for the model™
3 return [vocab_to_int.get(word, vocab_to_int['<UNK>']) for word in text]

# set generate summaries length
generate_len = find_max(y_train)

print(‘# Train set’)

print("Text length: ", find_max(X_train))

print("Summaries length: ", generate_len)

print(" )
print('# Test set’)

print(“Text length: ", find_max(X_test))

10 print("Summaries length: ", find_max(y_test))

# Train set
Text length: 49
Summaries length: 26

OCONDU L WN -

# Test set
Text length: 43
Summaries length: 22



1 texts = X_test

2 checkpoint = "./best_model.ckpt"

3

4  loaded_graph = tf.Graph()

5 with tf.Session(graph=loaded_graph) as sess:

6 # Load saved model

7 loader = tf.train.import_meta_graph(checkpoint + ‘.meta’)
8 loader.restore(sess, checkpoint)

9

10 input_data = loaded_graph.get_tensor_by_name('input:0")

11 logits = loaded_graph.get_tensor_by_name('predictions:0")

12 text_length = loaded_graph.get_tensor_by_name('text_length:0')

13 summary_length = loaded_graph.get_tensor_by_name('summary_length:0)
14 keep_prob = loaded_graph.get_tensor_by_name('keep_prob:0')

16 outputs =[]

17 for text in texts:

18 #Multiply by batch_size to match the model's input parameters
19 answer_logits = sess.run(logits,

20 {input_data: [text]*batch_size,

21 summary_length: [generate_len],

22 text_length: [len(text)]*batch_size,

2 keep_prob: keep_probability})[0]

24 outputs.append(answer_logits)

1 print('Number of output: ', len(outputs))
Number of output: 2377

+ ROUGE : metrics for Text summarization

import sys
sys.path.append('../../")

-
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from evaluate import rouge

6 def clean_pad(lists, pad_int=vocab_to_int['<PAD>']):
7 result = []

8 for list_ in lists:
9 without_pad = [l for | in list_if | 1= pad_int]
10 result.append(without_pad)

11 return result

# remove padding in outputs (generate) for ROUGE
outputs_without_pad = clean_pad(outputs)

# covert to vocab
y_test_text = [[int_to_vocab[i] for i in y] for y in y_test]
6 outputs_text = [[int_to_vocabli] for i in output] for output in outputs_without_pad]

8 # join vocab to sentent separate by |’ charactor
9 y_test text = ["|".join(text) for text in y_test_text]
10 outputs_text = ["|".join(text) for text in outputs_text]

# compute ROUGE score
report = rouge(hypotheses=outputs_text, references=y_test_text)
print{report)

{'rouge_1/f_score': 0.22370522924266248,
'rouge_1/r_score': 0.21714887438573277,
'rouge_1/p_score': 0.245603127273964,
'rouge_2/f_score': 0.07147199573550303,
'rouge_2/r_score': 0.07299463691164472,
'rouge_2/p_score': 0.07520423450945052,
‘rouge_|/f_score': 0.1854591933014478,
‘rouge_|/r_score": 0.20306315305196806,
‘rouge_|/p_score': 0.200269883421336}

N e

w

1 to_json('report.json’, report)
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Summary Result

1 # covert to vocab

2 X_test_text = [[int_to_vocab[i] for i in x] for x in X_test]

3

4 # join vocab to sentent separate by [’ charactor, without <€E0S5>

5 X_test_text = ["|".join(text[:=1]) for text in X_test_text]

1 for text, summ_true, summ_gen in zip(X_test_text, y_test_text, outputs_text):
2 print('Text -—-> ', text)

3 print("True summary ---> ', summ_true)

4 print(‘'Genterate summary ---> ', summ_gen)

5 print('-' * 70)

g v

Text ---> ;{ﬂmmnwlmnalummﬁImui’uldﬁeIu‘\un%’suua!lvhuIs{d’mmlunaw'nlﬁmawlﬂlﬂﬁﬂﬁawlﬂawmsza
unwsas|du|aren

True summary ---> WU.|0s5. |$‘n|qn|uwn1|vhu|\hmdmmlmh'lalunmm‘:

Genterate summary --> w.|as.|da|Wiinga|a|drdo|aae. | Aaslu|wds|gn|dadu

Text --—-> wa.[ifiau|wusnywiu|ndas|dnunn|usua|hewaimzjwinala. |ana|ﬁmdmtﬂmIé’uaal‘iaulmmulmlﬂs
nm.nu'mlLdaon’u]ﬁluuonzwwlﬂnlﬂsuwmma|15|Lamlmuluuzldﬂnnnumﬂuﬁ’ollﬁaulﬂnﬂaetﬂm|ta§uu|1hdumnﬂ|ﬂ
wm

True summary ---> wuenywyu|naad| Tua|ing|vann|idau| x| foae

Genterate summary ---> ifiau|aulii|wia]inng|Aau|vio]guen|Tau| W

Text > das|find 5| 153|380y |1aat|iuual|is| Se | ursen | ndngru| nsasaunsas| sacus | ws | wiweddu|drsa | Usudsu et
andia|asradau :

True summary --> wudis|de|vau|wdngrulasauasas|sa|ns| ilersa)la.

Genterate summary ---> (uuaf|is|de|da|vas|Hanswd| v vniwd|aan'al
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Taadsuuusiaestseiandu q fanumiloudufuldnadawuusiass Adam
without Dropout Model 1 &saziinnuuandraiiieanisiinuae Hyperparameter ﬁaq’lu
dureIn1svinsauALaIvalAnRINg1?

2. Tanad1suuud1ans Adam without Dropout Model 2 inilauiuiulanaiig

WUUI1ae3 Adam without Dropout Model 1

3. 1A wumA Hyperparameter 989 Adam Dropout 0.2

dropout
[10%
[x] 20%
[]135%

optimizer
[ 1 RMSProp
[x] Adam

1 keep_probability = 0.80 # dropout
2 optimizer = tf.train.AdamOptimizer(learning_rate)

4. lAniviua Hyperparameter 983 Adam Dropout 0.35

dropout
[10%
[]20%
[x] 35%

optimizer
[ ] RMSProp
[x] Adam

1 keep_probability = 0.65 # dropout
2 optimizer = tf.train.AdamOptimizer(learning_rate) # optimizer

5. lAAfvuART Hyperparameter 989 RMSProp without Dropout

dropout
[x] 0%
[120%
[135%

optimizer
[x] RMSProp
[1Adam

1 keep_probability = 1.0 # dropout
2 optimizer = tf.train.RMSPropOptimizer(learning_rate)
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8. lAndas14 Dataset

from nitk.corpus import words as nitk_words
from nltk.corpus import stopwords

import pythainlp

from pythainlp import tokenize

from pythainlp.corpus import thai_stopwords
from num2words import num2words
import matplotlib.pyplot as pit

import pandas as pd

import numpy as np

10 import re

11  import time

13 print('PyThaiNLP Version: {}'.format(pythainlp.__version__))
PyThaiNLP Version: 2.0.5

W AONOUVHWN =

Inspecting the Data

-

dataset_path = '../dataset/thaipbs_news/scraping/news_list/thaipbs_news_dataset.csv'
language = 'thai’
3 tk_engine = 'newmm’

N

1 # dtype: dict
2 custom_contractions_dict = {
3% 'ulasudlud,
4 "xa0': "',
3: 15}
6
7 # diype: set
8 custom_dictionary = {
9 llﬂ,

10 -

11 ‘',

12 ‘',

13 ‘dad',

14 'us.',

15 ‘wgyuvin',

16 ‘d.an,

1 ‘aladl’,

18 ‘Wauu',

19 “ad',

20 Fua',

21 ‘uuedan’,

22 land’,

23 ‘naad’

24 ‘teiyn’,

2 ‘ans.’,

26 'uls',

27 'nua.’,

28 }

29

30 # dtype: set
31 custom_stopwords = {
32 \r\n',
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1 df = pd.read_csv(dataset_path)

1 display(df.shape)
2 display(df.head())

(29170, 2)
highlights story
0 #2982ya WhatsApp Tuosnanssuiinimangs  dldouuadwsiadu “anauan’ ilandsane 1.
1 anidndnm us Buaamneuasnidnodulaed..  anindnsmmivendossumansauedodn ...
2 gyanflawaaiumBdias wiovyulihaduus. . amarswanfiadfudiudanmiiiufize wi...
3 wusughanidodiu dwgnsn-viviegn daaomawivaniliduiiauanianludodiu v...
4 “AaTandoy” WwawnsAedndanbildmyss  uwvdudy taTendos dusznauluuswiiuaris..

1 # Check for any nulls values
2 df.isnull().sum()

highlights 0

story 0
dtype: int64

1 from sklearn.utils import shuffle

1 df.columns = ['Summary’, Text']

3 # Remove null values and unneeded features

4 df = df.drop_duplicates().dropna() # drop nan & duplicates

5 df = shuffle(df) # shuffle data

6 df = df.reset_index(drop=True)

1 df.head()

Summary Text

0 Suduanisy meamsiliniu Sudauanis harudiugnimfanaduea...
1 "wa.0.2.auua-Tamae-41a" Hudssymedoudt..  snaudvdauassususiouiuauaaiundiv...
2 auAn "Iawsssrsunie” win'ld "wsvuuale” aunn "Sansvsaing” win'lifl "wsduunle® as..
3 * §an "o 10 adasaiivihdadh. .. ATINTIOVININNTSTININALASRILIARDN 302 310,

4 §ande2562; va wanluiusanssaauaa Il ide... Tasnnasyinana Budulalldfiaduunoiing uae...
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Sample Data
1 # Inspecting some of the news
2 foriin range(5):
3 print("Review #",i+1)
4 print(df.Summary[i])
5 print(df. Text[i])
6 print()
Review # 1

Jusuandst moansvlaniu i ;
Fuifauanist euduiugnisdanaduaaaumnanist 1uanstilawiu whaudhfoulonefudnuarashisanvfilasn
uanfunauatnIdanIe

Review # 2
"wa.n.0.8uua-1dmae-41a" Hulszpueioudugudnavaalan saudaidan 12 dugavihelawaida
anaufiiauaa I uRusiouiuauaaium @ nenauasdnveuaalan saudadan 12 MugaviruTauaite

Review # 3

awan "fawsyassuna" mn'ls "wsedunla” | .

awAe "Sawsvsssunma” winlidl "wseiula" advsde "udounse” wia "Juarau" dninounssunsmanuvema lanadiia
aduduwsedunrloBinssnudufanssuuasia vaviadagndsdiaaniunwaasinaragndusaau Taslawigmsuimsiamsm
oluia

Review # 4

" a6 "ldauion 10 awdasutvihduihansasas 30

AsEVSIININENNsSsssudnasdaulaaay a2 masmsdvaudsaunufiawnihsdumvauuanaiuie luaiamiia wiauaaTneaund
vAsvaulunsaniaanusaussduiuritvlsasanay30 wau.a.flan 5 ndunvuanaiuluueu

Review # 5

1#andv2562: va.uwanluusnussaauaatmividuoiun ss. ,

Teennasviwainia Budubildfiaduuaing uaedsuriu dalas &.a.n59mnumuas wssaauaalwil Maaminsuingnansiasm
msnasviwaInd (an.) LIt v ndeslulsedouaniunissande dagluduvinasvinaina manidusdaszaaygn

Preparing the Data

1 import json

2

3 def to_json(fname, data):

4 with open(fname, 'w') as file:

5 json_data = json.dumps(data)

6 file.write(json_data)

7

8 def read_json(fname):

9 with open(fname, 'r') as file:
10 data = file.read()
11 json_data = json.loads(data)
12 return json_data

14 def to_txt(fname, data):
15 with open(fname, 'w', encoding='utf-8') as file:

16 data = [str(d) for d in data]
17 file.write("\n'.join(data))
18

19 def read_txt(fname):
2 with open(fname, 'r', encoding='utf-8') as file:

21 data = file.read()

22 string_data = data.split("\n")

23 try:

24 float_data = [float(s) for s in string_data]
25 return float_data

26 except ValueError:

27 return string_data
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# A list of contractions from: ; '
# http://stackoverflow.com/questions/19790188/expanding-english-language-contractions-in-python

contractions_dict = read_json('../contractions.json")
contractions_dict.update(custom_contractions_dict)

def contractions(text):
# replace contractions with their longer forms
for word1, word2 in contractions_dict.items():
text = text.replace(word1, word2)
return text

contractions_dict.update(custom_contractions_dict)

th_dictionary = set(tokenize.DEFAULT_DICT_TRIE) # /oad defeault dictionary
english_dictionary = set(nltk_words.words())

DICTIONARY = th_dictionary.union(english_dictionary).union(custom_dictionary)
TK = tokenize.Tokenizer(DICTIONARY, engine=tk_engine)

# stopwords

english_stopwords = set(stopwords.words('english'))

thai_stopwords_ = set(thai_stopwords())

stopwords_ = english_stopwords.union(thai_stopwords_).union(custom_stopwords)

to_txt('stopwords.txt', stopwords_)
to_txt('dictionary.txt', DICTIONARY)
to_json('contractions_dict.json’, contractions_dict)

def clean_token(tokens, stopword_dict={}, use_remove_symbol=True):
clean =[]
for token in tokens:
token = token.strip(' ') # remove white space
if token in stopword_dict:
continue

if use_remove_symbol:
token = remove_symbol(token)
if len(token) <= 1:
continue

clean.append(token)
return clean

def build_vocab(text, unk_method="replace’, use_norm_num=True, **kwargs):

unk_method: unknow vocab method
replace: replace know vocab to <unk>
remove: pass vocab (remove vocab)
ignore: can not operate

"

# to lower-case

text = text.lower()

# replace contractions with their longer forms
text = contractions(text)

# word tokenize

tokens = TK.word_tokenize(text)

segments = []
for token in tokens:
if use_norm_num:
# convert number to word
token_list = norm_num(token, **kwargs)

token_list = [token]
# append to segments list
segments += token_list
return segments



1 def norm_num(string, use_num2word=False, lang="thai'):
2 "'return dtype: list"
3
4 ignore_string = ['infinity']
5
6 if string in ignore_string:
7 return string
8
9 try:
10 new_string = string.replace(’,’, "
11 num = float(new_string)
12 y
13 num = int(new_string)
14 except ValueError:
15 pass
16
17 if use_num2word:
18 word = num2words(num, lang=lang) # to word
19 tokens = TK.word_tokenize(word)
20 else:
21 tokens = [str(num)]
22 return tokens # dltyep: list
23 except ValueError:
24 return [string]
1 def remove_symbol(word):
2 # Format words and remove unwanted characters
3 word = re.sub(r'https?:\/\/.*[\r\n]*', ", word, flags=re.MULTILINE)
4 word = re.sub(r'\<a href’, ", word)
5 word = re.sub(r'&amp;’, *, word)
6 # word = resub(r]_"|~%()j+&=*%.,12:#$@I[\}/]. " word) # with . symbol
7 word = re.sub(r'[_"\-;%()|+&=*%,12:#$@\[\)/]', ", word) # without . symbol
8 word = re.sub(r'<br />', ", word)
9 word = re.sub(r'\", ", word)
10 return word

We will remove the stopwords from the texts because they do not provide much use for training our model. However, we
will keep them for our summaries so that they sound more like natural phrases.

clean_texts = [build_vocab(text, lang=language) for text in df.Text]

# clean token with stopword

clean_texts = [clean_token(tokens, stopword_dict=stopwords_) for tokens in clean_texts]
print("Texts are complete.")

clean_summaries = [build_vocab(text, lang=language) for text in df.Summary]

# clean token without stopword

clean_summaries = [clean_token(tokens, stopword_dict={}) for tokens in clean_summaries]
print("Summaries are complete.")

O WOONO WS WK -

-

Texts are complete.
Summaries are complete.
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1 # Inspect the cleaned summaries and texts to ensure they have been cleaned well
2 foriin range(5):

3 print("Build & Clean Review #", i+1)

4 print(clean_summaries[i])

5 print(clean_texts[i], end="\n\n")

Build & Clean Review # 1

['3u', 'd’, 'awigy, ‘e, 'ams’, ', eniu'] 4

(3w, "wiav', 'awdgY’, 'anuduiud’, 'vind', 'Juaaay, 'avdsy, '1e, 'ams, andy’, A, uloung’, 'Sy, 'wan, 'wan’, 'du
way', 'adhatdauna']

Build & Clean Review # 2

['wa..a., ‘&, ‘e, Ty, ', "9, "I, 'S, sy, edon’, ', ‘qe’, 'd@n’, ‘Weuaa', 'lan’, 'sav’, 'd@adan’, '12', ', 'qa
v, "Teiu', awdie']

(e, ', ‘Wavaa', "Nouny’, adoy', W', ‘Wavaa', ', 'nd', "ng!, 'ae’, 'd@n’, ‘Wauaa', "lan’, 'say’, '‘daidan’, 112",
W', 'gevine’, e, lawdie']

Build & Clean Review # 3

['auaa’, ‘30, 'ws', 'sssune’, 'man', "$', 'wsy!, 'sux’, 'wla’] 4

['awaa’, '3a', 'wse', 'sssune’, "Lifl', 'wsy!, 'gun, 'ule’, 'advst, ‘wilounse’, '§uaaay’, ‘dnlno’, ‘wsewnsamau’, 'unaé’,
"Whia', 'Hudy’, ‘wsy', 'Sux’, 'y, ‘nsyny’, 'fanssu’, 'vaoia’, 'andnd’, ‘sounw!, ‘vacta’, 'duaaay’, "Tasawy, ‘msudns’,
l.,—all

Build & Clean Review # 4 B

['9, "a6n’, "o, 'anawia’, '10', ‘929, 'dae, Wi, 'doudl, ae’, Sasay’, 30

['nsznsHv’, 'minwenssssund’, 'foweaay’, @', 'esans’, 'doay, "dsy!, 'ua', e, W', 1, 'dume’, 'wuan', 'afudw, 'an
awmfla’, 'mainy’, un., ‘fudavay’, 'an’, '39’, 'anusay’, 'sedy’, "Wud’, W, Sauag’, '30, "'dau', 'u.a., ‘an’, 'td', ‘ur’,
‘wuan', 'afu’, "dhuuau']

Build & Clean Review # 5
['"&andy', '2562', 'wa.!, 'uad’, "thy, "usn’, 'wsse, ‘auaa’, "Twid', 'vudes’, e, 'ss.]
[Tenen’, 'naovimanme’, "Lile’, 'Aady’, ‘0", 'nu!, uae’, '@, 3", ‘uiy’, 'Wadlas', ‘AL, 'ngamwamiuay’, 'wssa’, 'aunaa’, 'aanu

1, 'sa!, 'ansiesvuns', "nasviwaimal, 'an., W', mides, "Tsedoy’, ‘awBenssandd’, '#', ‘Wu', 'navvinarme’, 'vudu
', 'uaayaa']

def count_words(count_dict, text):
"'Count the number of occurrences of each word in a set of text"
for sentence in text:
for word in sentence:
if word not in count_dict:
count_dict{word] = 1 # new key-case

NOWUV D WN e

8 count_dict[word] += 1

# Find the number of times each word was used and the size of the vocabulary
word_counts = {}

count_words(word_counts, clean_summaries)
count_words(word_counts, clean_texts)

NOUVDA WN -

print("Size of Vocabulary:", len(word_counts))
Size of Vocabulary: 25399

Word2Vec: PyThaiNLP

from pythainlp.word_vector import get_model

1
2
3 wv_model = get_model()

4 embeddings_index = {vocab: wv_model[vocab] for vocab in wv_model.vocab} # wv_dict
5 .

6

print('Word embeddings:', len(embeddings_index))
Word embeddings: 51358



# Find the number of words that are missing from CN, and are used more than our threshold.
missing_words = 0
threshold = 20

for word, count in word_counts.items():
if word not in embeddings_index:
missing_words += 1

CAONDIU S WN -

missing_ratio = round(missing_words/len(word_counts),4)*100

11 print('Word counts: ', len(word_counts))

12 print("Number of words found: ", len(word_counts) - missing_words)

13 print("Number of words missing:", missing_words;

14 print("Percent of words that are missing from vocabulary: {}%".format(missing_ratio))

Word counts: 25399

Number of words found: 19518

Number of words missing: 5881

Percent of words that are missing from vocabulary: 23.150000000000002%

labels = ['Found', 'Missing']

sizes = [len(word_counts) - missing_words, missing_words]

plt.title('Percentage of words found from vector dictionary')

pit.pie(sizes, labels=labels, autopct="%1.2f%%", startangle=200, colors=['lightskyblue', "lightcoral'])
plt.axis('equal’)

pit.show()

Percentage of words found from vector dictionary

bW

vocab2int, int2vocab
1 #dictionary to convert words to integers
2 vocab_to_int = {}
3
4 value=0
5 for word, count in word_counts.items():
6 if count >= threshold or word in embeddings_index:
7 vocab_to_int{word] = value
8 value +=1
9

10  # Special tokens that will be added to our vocab
i1 codes = ["<UNK>","<PAD>","<EOS>","<GO>"]

13 # Add codes to vocab
14 for code in codes:
15 vocab_to_int{code] = len(vocab_to_int)

17  # Dictionary to convert integers to words
18 int_to_vocab = {} :

19 for word, value in vocab_to_int.items():
20 int_to_vocab[value] = word
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# Need to use 300 for embedding dimensions
embedding_dim = 300
nb_words = len(vocab_to_int)

# Create matrix with default values of zero
word_embedding_matrix = np.zeros((nb_words, embedding_dim), dtype=np.float32)
new_word_embedding = []

LCONOU L WN -

for word, i in vocab_to_int.items():

10 if word in embeddings_index:

11 word_embedding_matrix[i] = embeddings_index[word]

12 else:

13 # If word not in thai word2vec vector dict, create a random embedding for it
14 new_embedding = np.array(np.random.uniform(=1.0, 1.0, embedding_dim))
15 embeddings_index[word] = new_embedding

16 word_embedding_matrix[i] = new_embedding

18 new_word_embedding.append(word)

20  # Check if value matches len(vocab_to_int)
21 print('number of word embedding matrix: ', len{word_embedding_matrix))

23 print('number of new word embedding: ', len(new_word_embedding))
24 print('new word embedding: ', new_word_embedding)

number of word embedding matrix: 19878

number of new word embedding: 360 E

new word embedding: ['v.!, 'una3y’, 'yuil!, 'wiant, 'ands, "W, ‘naudlay’, 'saaaisanis’, 'aat’, 'oanaran’, ‘e’ "efa]
', W3, !, AW, 'AeSle, !, quadl!, ‘s, eh W, T Tedad, i, Woun', "deiaedy’, 'ngamwnt’, '‘anenuy’, 1
a5, W', "dua', 'aes., Tseuul', 'aue., 'we’, ‘Sue’, '8, 'Sulev, '8, aunsylun’, 'sudy’, oie, TsBoqy’, "lud’, 'aa.’,
‘aan, whuuflas!, 'S, 'wady!, Tlsanant, '‘sausau’, 'y, ‘tand’, 'an., ‘Fudla’, A, '‘nsuYa’, 'Sunuun’, '40000', 'au
wianszdoasa, ‘uilafoy!, 'qlne, aun., ey, 'saugav’, ‘afiwa’, Yhaneta’, 'Tath’, 'wiag’, ‘qu’, 'gulad’, '3y, "nd', 'na.’, 'n
un.', 'ia', idn’, ‘51!, ‘nasdsuy, 'nsuaneuy’, 'nsamw!, 'val, ‘asay’, aa, as’, ‘100000, ‘dodl’, ‘", 'Wétarsla’, '12000', \3u
vay, 'hia', 'as’, '8, 'aaaiduinad’, ‘&', 'us', ‘al’, ‘luaudey’, 'alg', 'waafy’, ‘assurd’, ‘s, 'aula., 'awa.!, ‘uawndady’, 'Y
wney’, 'wad, 'su’, Wdudd, o, ', '300000, s, 'wndy, Fue!, udaw', ‘auly!, ‘v, 'sua., 'agn’, aaed, 'ns
vaan’, "lafuad’, 597, "Galauans', 'dx’, 'us., 'ans., 'weu, 'naut, ‘0, W, ‘mila., 'gesransunudy’, ‘daunan’, 'd, 'drsaan
Wwunaw', '60000', 'Un.', "laae’, 'da’, ‘A, unwnaana’, ‘qsiumg’, 'nvn., 'wegd!, Ui, 'gat!, ‘v, 'u.a), 'sug, ‘e, \avin,
aut, '13000', ‘vaaadaa’, W, 'ng, 'dadidy’, 'anl!, 'dl, ‘wuasliadng’, ‘thunn', uas’, 'nua., .1, '8, 'won, ‘e, 'Badu
ua', ‘vihudlay!, masiiay’, 'wile, d’, ‘nsnlvduad’, ‘sauwenu, W', 'da’, '1sa’, ‘WIan’, 'aas enu 9 ¥, 'fon ', 'Mianay’,
‘auat’, ‘Tuadunszruunss’, 'Aa’, e, 'wiEn’, Tilnuay, 'aw', aaT’, 95y, 'namal, ‘dauds’, ‘Waaa', ‘aranda’, 'ns', 'a
', ‘uaa’, sy, 'an’, 'S0000', 'mdasswanda’, 70000, 'dea’, anat, ‘A, 'dead’, ', A, 'nd’, ‘W', ‘unldy’, 'thewudas’,
Joihe', ‘Hasndy’, 'sauaa’, ‘ogle’, "aaf, ‘g3, 2av.’, M, 'ua', ', '80000', 'thouanin’, '‘Sumivax’, 'semndlne’, '35000', '§
o', 'na’, "wglalaay’, ‘wiwe’, ‘San', 115000, ‘aanTaus’, '4¥, ‘s, 'aluasda’, wunody’, ‘wsangiend', "anudlusss
o', g, "1, ‘aay, ‘85, ‘$au', 'adan’, 'Wan, 'lanead, 'sedv’, ‘wawwdiady’, ', Tauan', ‘anuy.’, '14.0', 'tladna’, ‘2000
00', 'wia’, 'aawus’, '35, "wad', ‘uAudea’, Insmetile’, ‘nszaauvng’, ‘weyn'in', ‘884, '‘duan’, "Tudy', 'AYa’, "Uau!, "Inslua’,
‘anunsalgnidy’, uand', 'duee’, ‘dadseiy’, avlel, '8, 'Gwe’, visead, g, 'a8uaud’, 'Euld, 'nsumsdanmond, Su
aonswel’, Tald’, '22.0', 'wad, 'ana’, 'ansude’, 'na’, 'y, "dUTUTS, aainily, ‘unay!, use', "uafifl', 'wia.!, ‘Wilsvduay’,
'Huins’, ‘Sud’, wdadissan’, nanaesans’, 'da’, ‘Iwhasasal’, thail’, ‘Buaaiunsy’, ', 'unda’, "Wl 'ﬂmnuum_ma', '‘an
nuav', 'fudlia’, 'awn', '500000', ‘ay’', "Tsush’, 'Sus', "biwovi, '18.0', ', 's", '@ausrums’, 'thaviad!, vindly!, 'wasiln’, 'auu
7', 'wasaaia’, 'Sunaslas’, '600000, ‘nsznsoinmast’, ‘Wil 'aznye’, '@aae’, '400000', ‘drviae’, ulsu fagaruud’, 'msaamd
sodszanud’, 'agua?’, 'Weirsesiumdanemsidas’, \r\r', ‘wsenulyalflsznaudgsssuuey’, W', ‘vaxd ansed’, ‘udansun
WIRUSIUANY AENUSUTIAINT, "‘Wavual, ‘naanw wianaussal’, '17.0', ‘N, ‘aaan 24 HTug’, ‘69 9, 'Aed’, '15.0,
"Taud, '16.0', ‘waafidnd numnday!, '<UNK>', '<PAD>', '<E0S>', '<GO>']

1 to_json('vocab_to_int.json’, vocab_to_int)
2 to_json('int_to_vocab.json', int_to_vocab)
3 np.save('word_embedding_matrix.npy’, word_embedding_matrix) # save
1 def convert_to_ints(text, word_count, unk_count, eos=Faise):
2 "'Convert words in text to an integer.
3 If word is not in vocab_to_int, use UNK's integer.
B Total the number of words and UNKSs.
5 Add EOS token to the end of texts"
6 ints = []
7 for sentence in text:
8 sentence_ints = []
9 for word in sentence:
10
11 word_count += 1
12 if word in vocab_to_int:
13 sentence_ints.append(vocab_to_int[word])
14 else:
15 sentence_ints.append(vocab_to_int["<UNK>"])
16 unk_count += 1
17 if eos:
18 sentence_ints.append(vocab_to_int["<E0S>"])
19 ints.append(sentence_ints)

20 return ints, word_count, unk_count

82



# Apply convert_to_ints to clean_summaries and clean_texts
word_count = 0
unk_count = 0

int_summaries, word_count, unk_count = convert_to_ints(clean_summaries, word_count, unk_count)
int_texts, word_count, unk_count = convert_to_ints(clean_texts, word_count, unk_count, eos=True)

DU D WA e

def create_lengths(text):
"'Create a data frame of the sentence lengths from a text"
lengths = []
for sentence in text:
lengths.append(len(sentence))
return pd.DataFrame(lengths, columns=['counts'])

DD WN e

lengths_summaries = create_lengths(int_summaries)
lengths_texts = create_lengths(int_texts)

print("Summaries:")
print(lengths_summaries.describe())
print()

print("Texts:")
print(lengths_texts.describe())

Summaries:

counts
count 29170.000000
mean  10.748166
std 2.980412
min 3.000000
25% 9.000000
50% 10.000000
75% 13.000000
max 26.000000

NI H WN -

Texts:

counts
count 29170.000000
mean  23.781796
std 6.073380
min 5.000000
25% 19.000000
50% 23.000000
75% 28.000000
max 51.000000

1 # Inspect the length of texts
2 print(np.percentile(lengths_texts.counts, 90))
3 print(np.percentile(lengths_texts.counts, 95))
4 print(np.percentile(lengths_texts.counts, 99))
32.0
34.0
39.0
1 # Inspect the length of summaries
2 print(np.percentile(lengths_summaries.counts, 90))
3 print(np.percentile(lengths_summaries.counts, 95))
4 print(np.percentile(lengths_summaries.counts, 99))
15.0
16.0
19.0
1 def unk_counter(sentence):
2 ""Counts the number of time UNK appears in a sentence.”
3 unk_count = 0
4 for word in sentence:
5 if word == vocab_to_int["<UNK>"]:
6 unk_count += 1
7 return unk_count
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# Sort the summaries and texts by the length of the texts, shortest to longest
# Limit the length of summaries and texts based on the min and max ranges.
# Remove news that include too many UNKs

max_text_length = 1000
max_summary_length = 100
min_length = 2

unk_text_limit = 1
unk_summary_limit = 0

y = [1 # summaries dataset
X =[] # textsy dataset

for length in range(min(lengths_texts.counts), max_text_length):
for count, words in enumerate(int_summaries):
if (len(int_summaries[count]) >= min_length and

len(int_summaries[count]) <= max_summary_length and
len(int_texts[count]) >= min_length and
unk_counter(int_summaries[count]) <= unk_summary_limit and
unk_counter(int_texts[count]) <= unk_text_limit and

length == len(int_texts[count])

)

y.append(int_summaries[count])

X.append(int_texts[count])

# Compare lengths to ensure they match
print('y size: ', len(y))
print('X size: ', len(X))

y size: 23770
X size: 23770

Train-Test Split

train 90 %
test 10 %

DU D WN -

from sklearn.model_selection import train_test_split
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.1)

print('Dataset size: ', len(X))
print('Train size:', len(X_train))
print(‘Test size:', len(X_test))

Dataset size: 23770
Train size: 21393
Test size: 2377

i
2
3
4
5

def find_max(data):
return max([len(d) for d in data])

def find_min(data):
return min([len(d) for d in data])
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# data sory by X but without y sorted, maual y sort
print('# Dataset')

print("The shortest text length: ", find_min(X))
print("The longest text length: ", find_max(X))
print()

print("The shortest summary length: ", find_min(y))
print("The longest summary length : ", find_max(y))

LNV HWN =

pri
10  print('# Train set’)

11 print("The shortest text length: ", find_min(X_train))
12 print("The longest text length: “, find_max(X_train))

print()
14  print("The shortest summary length: ", find_min(y_train))
15  print("The longest summary length: ", find_max(y_train))

17 print(’
18  print('# Test set’)

19  print("The shortest text length: ", find_min(X_test))

20 print("The longest text length: ", find_max(X_test))

21 print()

22  print("The shortest summary length: “, find_min(y_test))
23 print("The longest summary length: *, find_max(y_test))

# Dataset
The shortest text length: 5
The longest text length: 49

The shortest summary length: 3
The longest summary length : 26

# Train set
The shortest text length: S
The longest text length: 49

The shortest summary length: 3
The longest summary length: 26

# Test set
The shortest text length: 5
The longest text length: 45

The shortest summary length: 3
The longest summary length: 22

Save Dataset
1 dataset = {
2 'data’: X, 'target": y, :
3 'X_train's X_train , 'X_test': X_test,
B 'y_train': y_train, 'y_test': y_test
S
6
7 to_json('dataset.json’, dataset)
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from matplodiﬁ import pyplot as pit
import json

# config

batch_size = 256

update_check = 26
num_update_check_per_epoch = 4

def read_txt(fname):
with open(fname, 'r', encoding='"utf-8') as file:
data = file.read()
string_data = data.split("\n')

try:
float_data = [float(s) for s in string_data]
return float_data

except ValueError:
return string_data

def read_json(fname):
with open(fname, 'r') as file:
data = file.read()
json_data = json.loads(data)
return json_data

def get_data(loss, limit=500):
return [loss[i-1] for i in range(1, len(loss)+1) if i % num_update_check_per_epoch is 0][:limit]

model_dict = {
‘Adam without Dropout Model 1': 'Adam/0_1',
‘Adam without Dropout Model 2': 'Adam/0_2',
‘Adam Dropout 0.2": 'Adam/20',
'Adam Dropout 0.35': ‘Adam/35',
‘RMSProp without Dropout': ‘RMSProp/0',
'RMSProp Dropout 0.2': 'RMSProp/20',
'RMSProp Dropout 0.35": 'RMSProp/35',
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# load loss value

plot_dict = {}
for model_name, path in model_dict.items():

loss = read_txt(f'{path}/summary_update_loss.txt")

plot_dict{model_name] = get_data(loss)

# plot
pit.figure(figsize=(15, 7))
_ = [plt.plot(loss) for loss in plot_dict.values()]

plt.title('Model Loss')
plt.ylabel('Loss Value')
plt.xlabel('Epoch’)

pit.legend(plot_dict.keys())
plt.savefig('model_loss.png’) # save to image
pit.show()

0 100 200 %00 500
Epoch
lninrt pandas as pd
# load report value

df = pd.DataFrame()

for model_name, path in model_dict.items():
report = read_json(f'{path}/report.json’)
report = pd.DataFrame([report])
df = df.append(report) :

df.index = model_dict

df.round(4).to_csv(‘report.csv')
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10. Tansihwuudassluldanu

import pythainlp

from pythainlp import tokenize
from num2words import num2words
import numpy as np

import tensorflow as tf

import re

import time

import json

print('PyThaiNLP Version: {}'.format(pythainlp.__version__))
print(‘TensorFlow Version: {}'.format(tf.__version__))

PyThaiNLP Version: 2.0.5
TensorFlow Version: 1.13.1

HOWONOWU L WN -
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def read_json(fname, key_int=False):
with open(fname, 'r') as file:
data = file.read()
json_data = json.loads(data)

if not key_int:
return json_data

json_data = {int(key): value for key, value in json_data.items()}
return json_data

def read_txt(fname):
with open(fname, 'r', encoding='utf-8') as file:
data = file.read()
string_data = data.split("\n')

try:
float_data = [float(s) for s in string_data)
return float_data

except ValueError:
return string_data

def text_to_seq(text):
""Prepare the text for the model™
return [vocab_to_int.get(word, vocab_to_int['<UNK>']) for word in text]

def contractions(text):
# replace contractions with their longer forms
for word1, word2 in contractions_dict.items():
text = text.replace(word1, word2)
return text

def clean_token(tokens, stopword_dict={}, use_remove_symbol=True):
clean = []
for token in tokens:
token = token.strip(' ") # remove white space
if token in stopword_dict:
continue

if use_remove_symbol:
token = remove_symbol(token)
if len(token) <= 1:
continue

clean.append(token)
return clean
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def build_vocab(text, unk_method='"replace’, use_norm_num=True, **kwargs):

unk_method: unknow vocab method
replace: replace know vocab to <unk>
remove: pass vocab (remove vocab)
ignore: can not operate

# to lower-case

text = text.lower()

# replace contractions with their longer forms
text = contractions(text)

# word tokenize

tokens = TK.word_tokenize(text)

segments = []
for token in tokens:
if use_norm_num:
# convert number to word
token_list = norm_num(token, **kwargs)
else:
token_list = [token]
# append to segments list
segments += token_list
return segments

def norm_num(string, use_num2word=False, lang='thai'):

"'return dtype: list"
ignore_string = ['infinity']

if string in ignore_string:
return string

try:
new_string = string.replace(’,’, ")
num = float(new_string)

try:

num = int(new_string)
except ValueError:

pass

if use_num2word:
word = num2words(num, lang=lang) # to word
tokens = TK.word_tokenize(word)
else:
tokens = [str(num)]
return tokens # dtyep: list
except ValueError:
return [string]

def remove_symbol(word):

# Format words and remove unwanted characters

word = re.sub(r'https?:\/\/.*[\r\n]*", ", word, flags=re.MULTILINE)

word = re.sub(r'\<a href', ", word)
word = re.sub(r'&amp;', ", word)

#  word = re.sub(rl_"|-; %0+8&=%%.,12:#$@|[|}/], ", word) # with . symbol
word = re.sub(r'[_"\-;%()|+&=*%,12: #$@\[\I/1', ", word) # without. symbol

word = re.sub(r'<br />', ", word)
word = re.sub(r'\", ", word)
return word

tk_engine = 'newmm'

2 batch_size = 256
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vocab_to_int = read_json('vocab_to_int.json")
int_to_vocab = read_json('int_to_vocab.json’, key_int=True)
word_embedding_matrix = np.load('word_embedding_matrix.npy') # load

stopwords_ = set(read_txt('stopwords.txt'))
DICTIONARY = set(read_txt('dictionary.txt’))
contractions_dict = read_json('contractions_dict.json')

TK = tokenize.Tokenizer(DICTIONARY, engine=tk_engine)

print('number of word output space: ', len(int_to_vocab))

number of word output space: 19878

1

def textsumm(input_sentence, checkpoint):
build_input_sentence = [build_vocab(text) for text in input_sentence]
clean_input_sentence = [clean_token(tokens, stopword_dict={}) for tokens in build_input_sentence]
texts = [text_to_seq(text) for text in clean_input_sentence] # text for input

loaded_graph = tf.Graph()

with tf.Session(graph=loaded_graph) as sess:
# Load saved model
loader = tf.train.import_meta_graph(checkpoint + '.meta’)
loader.restore(sess, checkpoint)

input_data = loaded_graph.get_tensor_by_name('input:0')

logits = loaded_graph.get_tensor_by_name('predictions:0")

text_length = loaded_graph.get_tensor_by_name('text_length:0')
summary_length = loaded_graph.get_tensor_by_name('summary_length:0’)
keep_prob = loaded_graph.get_tensor_by_name('keep_prob:0')

outputs = []
for text in texts:
#Multiply by batch_size to match the model's input parameters
answer_logits = sess.run(logits, {input_data: [text]*batch_size,
summary_length: [26],
text_length: [len(text)]*batch_size,
keep_prob: 1.0})[0]
outputs.append(answer_logits)
# Remove the padding
pad = vocab_to_int["<PAD>"]
summs = [[int_to_vocabli] for i in output if i != pad] for output in outputs]

return summs
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input_sentence = [
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checkpoints = {
'‘Adam without Dropout Model 1': 'Adam/0_1",
'Adam without Dropout Model 2': 'Adam/0_2',
‘Adam Dropout 0.2": 'Adam/20",
‘Adam Dropout 0.35': 'Adam/35',
'RMSProp without Dropout': 'RMSProp/0',
'‘RMSProp Dropout 0.2": ‘RMSProp/20',
'RMSProp Dropout 0.35": 'RMSProp/35',

WONDUDWN -

for model_name, checkpoint_path in checkpoints.items():
checkpoint_path = f'{checkpoint_path}/best_model.ckpt'
summs = textsumm(input_sentence, checkpoint=checkpoint_path)

print(model_name)
print('="* 70)

for text_input, text_output in zip(input_sentence, summs):
print(text_input)
print(f' -—-> {"|".join(text_output)}’)
print(-' * 70)
print()
INFO:tensorflow:Restoring parameters from Adam/0_1/best_model.ckpt &
Adam without Dropout Model 1 ,q
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def rouge n(evaluated_sentences, reference_sentences, n=2):

Computes ROUGE-N of two text collections of sentences.
Sourece: http://research.microsoft.com/en-us/um/people/cyl/download/
papers/rouge-working-note-vi.3.1,pdf
Args:
evaluated_sentences: The sentences that have been picked by the summarizer
reference_sentences: The sentences from the referene set
n: Size of ngram. Defaults to 2.
Returns:
A tuple (f1, precision, recall) for ROUGE-N
Raises:
ValueError: raises exception if a param has len <= @

if len(evaluated_sentences) <= @ or len(reference_sentences) <= 0:
raise Valuetrror(“Collections must contain at least 1 sentence.")

evaluated _ngrams = _get_word_ngrams(n, evaluated_sentences)
reference_ngrams = _get_word_ngrams(n, reference_sentences)
reference_count = len(reference_ngrams)
evaluated _count = len(evaluated ngrams)

# Gets the overliapping ngrams between evaluated and reference
overlapping_ngrams = evaluated ngrams.intersection(reference ngrams)
overlapping_count = len(overlapping_ngrams)

# Handle edge case. This™isn't mathematically correet, But it's good epough
if evaluated_count == 0:

precision = ©.0
else:

precision = overlapping_count / evaluated_count

if reference_count == @:

recall = 0.0
else:
recall = overlapping count / reference count

f1_score

2.0 * ((precision * recall) / (precision + recall + 1e-8))

# return overlapping count / reference count
return f1_score, precision, recall

def f p_r lcs(llcs, my n):

won

Computes the LCS-based F-measure score
Source: http://research.microsoft.com/en-us/um/peoplescyl/download/papers/
rouge-working-note-vi,3.1,pdf
Args:
llcs: rength of LCS
m: number of words in reference summary
n: number of words in candidate summary
Returns:
Float. LCS-based F-measure score

r_lcs = 1llcs / m

p_les = 1lcs / n

beta = p_lcs / (r_lcs + 1e-12)

num = (1 + (beta**2)) * r_lcs * p_lcs
denom = r_lcs + ((beta**2) * p_lcs)
f_lcs = num / (denom + 1e-12)

return f_lcs, p_lcs, r_lcs
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def rouge_l sentence_level(evaluated_sentences, reference_sentences):
Computes ROUGE-L (sentence level) of two text collections of sentences.
http://research.microsoft.com/en-us/um/people/cyl/download/papers/
rouge-working-note-v1.3.1.pdf
Calculated according to:
R_lcs = LCS(X,Y)/m
P_lcs = LCS(X,Y)/n
F_les = ((1 + betar2)*R_lcs*P_lcs) / (R_lcs + (betar2) * P_lcs)
where:
X = reference summary
Y = Candidate summary
m = length of reference summary
n = length of candidate summary
Args:
evaluated_sentences: The sentences that have been picked by the summarizer
reference_sentences: The sentences from the referene set
Returns:
A float: F_lcs
Raises:
valueError: raises exception if a param has len <= @

if len(evaluated_sentences) <= @ or len(reference_sentences) <= @:
raise valuetrror(“Collections must contain at least 1 senteace.”)

reference_words = _split_into_words(reference_sentences)

evaluated words = _split_into words(evaluated sentences)

m = len(reference_words)

n = len(evaluated_words)

les = _len_lcs(evaluated_words, reference_words)

return _f p r lcs(lcs, m, n)

def _union_lcs(evaluated sentences, reference_sentence):

LA
Returns LCS_u(r_i, €) which-is the LCS score of the union longest common
subsequence between reference sentence ri and candidete summary C. For example
if roi= wl w2 w3 wA w5, and € contains two sentences: c1 = wl W2 w6 w7 w8 and
€2 = wl w3 w8 w9 w5, then the longest common subsequence of v i and c1 is
“wl w2” and the longest common subsequenice of r i and €2 is “wl w3 w5”. The
union longest common subsequence of r_i, ¢1, and c2 is “wi w2 w2 wS” and
Les_ufr_ i, ©) =4/5. ’
Args:

evaluated sentences: The sentences that have heen picked by the summarizer
| ‘reference_sentence: One of the sentences in the reference summaries
Returns:

float: we€s_u(r_i, ©)
valueError:

Raises exception if a param has len <= e
if len(evaluated_sentences) <= 0:

raise valuekrror("Collections must contain at least 1 sentence.")

lcs_union = set()
reference_words = _split_into_words([reference_sentence])
combined_lcs_length = @ :
for eval_s in evaluated_sentences:
evaluated words = _split_into_words([eval_s])
les = set(_recon_lcs(reference_words, evaluated_words))
combined_lcs_length += len(lcs)
lcs_union = 1lcs_union.union(lcs)

union_lcs_count = len(lcs_union)
union_lcs_value = union_lcs_count / combined lcs_length
return union_lcs_value
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def rouge(hypotheses, references): ik
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