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ABSTRACT

This thesis present about the study and development of recommendation system
about Department of Telecommunication Engineering, KMITL. Because users have
difficulty of finding information from several curriculum books. So, the objective of
this thesis is to make it more convenience for the users. In this thesis, the model
was design by using the methods of Natural Language Processing (NLP) and
architecture of transformer, then create the extension for use on website and

interact through text or sound that it displayed as motion graphic.
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CONSOLE uu WEB BROWSER wansnaanstoyalnaides ANSWER
AUDIO

WiAng CHAT-POPUP Tunauefir&siudinides
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1.1 arudunuazanudrdgasslymn

Tudagiunindesnisnsvdoyafsrfuniniziiainssulnsauuiag
anumaluladnszaemndniraunmsaiansgSaiuinnugeeniidomdayaninidy
néngasfinsuaunn sldgldnuliferuasanuandenailunisdum Uiyaninusiis
dutlymiiinduiddwauinvoaesilddmivuugidoyaifoatuninivdanssu
nsauwenlfiftelimnauannsodndsdiouasldnuldasemnuindetu fanmseonuuuns
yhamesuuiaesi fe {ldutoudsnwiidudsmiedemnmiumaiuladuazssuua

nouNaumY nafiniedeulmInsaudsartanu lnedeyaminineusglugiuteya

1.2 Inguszasn

1) Wisfinwiwasimuissuusuziideya (Recommendation System) Ty

5

ssuuiiinsuuginfgaiunaivimnssulnsauuiay ava. Ingldtyniuseiug (Artificial
Intelligence) kagn15UsTANANAN1ST5UYIA (Natural Language Processing)

2) Wie@nwuaziannnisidewduled (Website)

3) Wlefinwisnsasiansiinadenulnm

4) Wiesmneanuazmntunisaeuannieafiunaivinseuuiay 49a.

a 1

1.3 vaULIRUBIUTYYIUNUS

v

Anwaginunszuuiuginvoya (Recommendation System) gawugiluizes
19901A39713AINTIUINTANUIAL AEIAINTTUAIERT dandumaluladnszanuindn
WIAMnMIsAINNseds nanansusyyns Ingldlayausedug (Artificial Intelligence) waz
N15UT2NIaNANI¥I5TIUYIA (Natural Language Processing) Faagynsasradudiuvens

~ o 1 < & [ ] (% A cs [ a
dedlUlduuivled waraiuisaldneuntudeninuviedean lnsuanawaidunsiin

wanulmesnuIse



uni 2
noufuasnannisiieItas

U%fyfyﬂﬁwuﬁ‘ﬁ'm“msﬁﬂmLLazﬂ’mmizUULLuzﬁﬁGzTayJaé’w%’Uﬂmim
Faanssulnsauwiay aadumalulagnszasunddiqunnisainnseds” laviinis
9ONLUULATAT1aMUUT19099895 VLU YIT e A (Recommendation Systemn) %9
wuuTaesil i uusiuazneumanluil swwesniainiminssulnsauuing Az
Anssumans aortuwmaluladnszaounandinunisainnseds FodudSyananusi

° = a o A v YN 1
u’]Lﬁuaﬂﬂll‘maﬂﬂ’ﬁ‘ﬂLﬂﬁlﬁsﬂaﬂﬂﬂmi’ﬂﬂu

2.1 seuusuziitaya (Recommendation System)

szuuuuzihdeya (Recommendation System) [1] iluszuudinuziidoya,
Auduazuiniseing q Witugldanu laessuvasfinnsanuugidoys, Auduazuinisis
Armedeaddefiduiifsosiuinniigniuun ssuunuzidoys uwiseeniu 3 wuy
wan 9 laun

1) Content - based Filtering System wwuziilaem nsani Lﬁaml,l,azq UANYY
VOIAUAT WIDAINANFN |

2) Collaborative Filtering System wuzilagfiansauNANUAGIBUDINGRNTIH
Alda

3) Hybrid System funswanveshsdemuuiilgnaiudied

Fan1slderusruuuugihdoyatuazdeasihdoyarg q lUkiunseuiunis
w3sutoyail oedu (Pre-processing) LAZN1NTULUUTIA0S NAIIINHILUNITINTY

| s I

wuudnaes Teyausaziivziiainnesvesiesildmiloudiu ndfie ANNALLNY

(%
[ a1 1% LY

IndlAssiuaziianuadggs fatu I5n1suuziiteys Ao manuAdgiuvedliuin

Y

A o 1

nan e ldaudeudunn As Aaw Wy fldauaiudiaiudn “Yendngnsaeeyls”

szuvazluminiiteyalatnesidanueaieiu “Gendnansfossls” wnian Fanisiuzih
¥ =

Toyavziinnumunzaninieetuivusgivanuduiusvesadeyaildlunismsusiae [1]

Y 9



2.2 n15UszUlaNan1¥155U816 (Natural Language Processing)

A15UTENIaNaN1¥15IINYA (Natural Language Processing: NLP) 13w
Inenmsuvuvisiiseomaluladtygiussivg (Artificial Intelligence: Al) Faidun1svin
Tineufinmesidlanazarmnsafiazdomsiienviunduuuiuywdlddoansls dans
UT81anan1¥15550Y1AUINIUTEE N6 b AUIUNIA AT UNTRAY (Text
Classification) na183 Ukuu 10U szuugsndesyavinisulandesnmdudaniny,
NMFIATIEIANUIENINTRANI UAY UWIRUEN TLUUNAALANABY [1]

nsUszgnildauresnisussinananusssuidududnumenissiun
U9A113 (Text Classification) wuun19i38usuUUiE@au (Supervised Machine Learning)
Fsnsvieumesnsiuundeauivszneuludetuney nmsideaulumandnyme
(Feature) Mniuftilumsuiieatauvudiaestuin Tnonanliadnwasdroaduly
sULuLvesANdLaws o fuiu1sesns eliaouinmosanunsafiazuszianald dans

AN yaztuniinategULuy Wi TFIDF 3a Word2Vec 1Wusiu [1]

2.3 Transformers Architecture

lulanveansi3euiidedn (Deep Learning) Uagdu lasasnunsetieilanisy
wazgnldaruuniian Ae RN (Recurrent Neural Network) kaig CNN (Convolutional Neural

Network)

Y ¥
= o add v A

Taesa RNN way CNN anunsaldlususunisuasidesienld data 2 3308aiuszansnm
Tunsanld mulaldfiviafiiang douddamdlud 2017 ¥a3dea1n Goosle Lalaue
nuiTelasnisenanldits RNN wazr ONN Tagldiauoaaitnenssulud i 94 991
Transformers @4 Transformers A9 WUUS1aBIMILTUNNIINTFULUUNTS [2] ATl
wdnAe NsTUIUNSALTENTT Self — Attention [3] Inenszurunisiuenanavud of
NAWNY RNN waz CNN ludaduduansdsnnuisadesturesdiaig q ludeninudie
frhagrawuuinasstuan1tnenssy Transformers wu GPT, BERT, BART wag T5 Wusu
anrdnonssuialuvesuuusians Transformers [4] Usznouldsae 2 dau

Ty lawA d@mnsiinssia (Encoder) wag daunansvia (Decoder) wanaiaguil 2.1 [4]



QOutput
Probabilities

Add & Norm

Feed
Forward

Add & Norm
Add & Mo Mult-Head
Attention
Nx
Nx Add & Norm
Add & Norm TEsRed
Multi-Head Multi-Head
Attention Attention
y ) A y )

. | 3/ \. e
Positional @-@ Positional
Encoding & Encoding

Input Output
Embedding Embedding
Inputs Qutputs
(shifted right)

gﬂﬁ 2.1 anntinenssushaluyes Transformers [4]

UTTAAvRsdIUNITINTA [5] Ao N3RaRuvetayaTulin (Input) Nvun

Tuasfisanazdndulainlnau (Token) dlianugennasnulmaudu q wiski agld

Attention Layer #adiuusznauvesdiun1siiisianansfegun 2.2 (4]

Add & Norm

Feed
Forward

| SE—

N ~{"Add & Norm

Multi-Head
Attention

=1t

_—y
Positional @_O
Encoding

Input
Embedding

!

Inputs

SUN 2.2 daudseneuvesdiumsiingia (4]



MN3UT 2.2 anseduneduszneuin 4 Fosnanstuuu T

1) doyasuitn Ao douaiign Tokenize uddauanslugunuuvesdiavues
Srdvdmsuihluuladlutudeluiifewuandusuuuuvoswinavdiu iWesunandtliannsn
Idtoyalusuuuuisnuslulassieuszamifien (Neural Network) 161 [5]

2) Input Embedding A® %’agaﬁlgﬂ Tokenize ka2 uwtUasiugluuueas
nnmes (Vecton) Inefiudaziniaufivuin 512 1y “lam a girl” guansluguuuuves
[1,2,3,4] %8991067U Input Embedding Layers ka2qzilvun 4 * 512 (1 1Nnesvodusay
Tneuflowawiniy 512) fafususasimidanufodosiudedaiflndifosiu Wy d1i
“Police” ffu “Policeman” usiFn91 “Ploice” ffu “Water” azlsifirfilndiAssiu [5]

3) Position Encoding Aie n13szysumisresdusazd esanitdindies
WAl Input Embedding Layers azlduarnilndiesfuwiniuuslinsuiuniwesiusas
A1 WU “He has a black Ferrari. He also has a white cat.” iU “He has a black & white
Ferrari.” 9nUszlon 2 Useloaddunaldindvindiosud Input Embedding Layers f131
Black & White azfim1A1ulndiAeanuny Black kag White vosUselannauntn

l 3 a Y o o o & ! [ a a P ' v Y a =2 a
LLG]I‘LW’YJ’]ZJL‘U‘L!"UiﬂLLa’Jﬂ’WlQﬁ@ﬂﬂﬁuaglﬂaﬂULLagﬂUiUﬂV}LLG]ﬂ@]’Nﬂ‘UIﬂEJﬁ‘ULGUQ WNUATTN

2 A v a

FudunvzAoiiu Position Encoding Wnluiethelviwuudnaedanunsasuimunusuasm

o Y a

AMaaiarsaned Iag Transformers danldan sin kag cos lun1sUnumUNLafie) fe

ammﬁi 2.1 uay 2.2 [5]

(2.1)
o pos
ags e S 2
d
10000 model
(2.2)
_ pos
PE(pos,2i+1) cos 2i

10000 dmodel



Tnen pos AD AL

D IUINUBY Embedding Tuusaglniau (Token)
model

2i,2i+1 f® usiazvuIUed Position Vectors

198 2i . 0,2,4,..,512 way 2i+1 A8 1,3, 5,..,511

4) wnuYeIAIdNsWa fisEnaudie 2 d1undng fie Head Attention WUy
Multi - Head Attention @ 19w Sub - Layer s?j"'um'azqﬂmﬁa V, K, Q uan wag Fully
Connected Neural Network Luu Position-Wise Fully Connected Feed-Forward Network
Senidu Position-wise Lws1z Transformers 9314 Networks dutdigaduiunng Al
Ustlen adnefu RNN Afslursuminuusiasiaggnamsie Weight Matrix ieafuiian
Feazandrurunsfiines fuuudiassieussuilulduin nien q duduaruulailer
wuuiaadafnlufuiumisedumimiwesduamumiaien (5]

AUTEAIAYRIAIUNDATIE AD N1TATMUALMLANYBIEIRULDIANA (Output)
flazens Ssdudszneutesdrunisaensiananisiagui 2.3 [d]

3UT 2.3 annsneduiediulsznausing q Fesainanstuu IE

1) 1A Ao nsuansitavvesddiuiign Tokenize Wuidsiufivivludiu
nsiihstausfinnuuandtuiodnainsuansdatariideulunisen ilesaindu
neasiagninsuliineddeluvesdvuanlmaudount delmaudwuusninaziin
Jaymnsglifilnauneumi ﬁ’qﬁ?ut,l,ﬁﬂzgmé’wLﬁauﬁwﬁumaqLmﬁwmaxﬁmmmﬂ BOS
(Beginning of Sentence) iﬁﬁ@mﬁmﬁmawidaﬂ [5]

2) Output Embedding & Positional Encoding Layers fmifuazlasaasn
WulReItudmIE [5]

3) unuvasdLnonia Usznoussudonidesiu 6 dulasdinnaifiu Masked
Multi - Head Attention 1131 Tngsadnéainadrudrsiaudengavinegndadiand Layer
A3INAN UazNAdNSTiDanNUAengATnevesdIunanTiaazgnudn Softmax iite1ly

1nmsaly [4]



Qutput
Probabilities

Add & Norm

Feed
Forward

Add & Norm

Multi-Head
Attention

7 ) Nx

Masked
Multi-Head
Attention

a7

=
Positional

¢ Encoding

Output

Embedding

I

Qutputs
(shifted right)

JUT 2.3 diuuseneuvesdiunisaensiia [4]

2.3.1 Attention Module

nsiAmnAtudsgleanUSeuiisuiues wuudiassisusuazidenies
Tagauladilvu lelns sonsuvaBunmdu 3 nwes Ae Q (Query), K (Key) uag V
(Value) lagnisAiuind Q, K uag v %ﬁwmmmﬂmi@méuwmLéﬁ’wﬁ’whﬁmﬁﬂ (Weight) ¥
180y WQ, WK, WC w3afle Linear Layer Insardminimaiusznanedu Learmned
Parameter fiLuusiansazi3ousduunies 91nN15MIudIe Gradient Descent muUnf

ASLUIUNTTTLS 8NN Self-Attention [6] N1SYINIUILAAIAUNISYNUVDIAUDUNDNT

'
a

wenuezdaniindsauls duluddinetufe lidnwlusesgmnesiusenouiiiednduls ieua
WanuAtayauegaitd1faywindu [7] 1ae Attention Tu Transformers 2#11991n Attention
Tu Sequence-to-Sequence na18usen1s Usenisusnaslailgidunism Attention Vector

VBIAIUNBATHE IINAIUT1THANgIM WAL UV1TY Urinn 9 NIgveIdayadzyin



Attention Auloasne Asiimenin Self-Attention faiildnaniundnadiu wagnisvi Attention
aztfunuu Scaled Dot-Product Attention fitaSusae Multi-Head Attention (8]

Scaled Dot-Product Attention Tnei3uainnisutauszianmanaasidu Query
(Q) Key (K) uag Value (V) Ing K Ao tanimesfitiluyin Dot Product fu Q Lileginaasas
Talarusumislng waz v asduadfithald wWisuaiioudindes (k, v) agnanelu lae k

= =

I3 ' I3 ! I3 A v | I3 ° ' Y v
LU‘ULL@JQQJ]LLQa@ﬂﬂaBQ ey v LUUGU'E]Q‘W'EJQGU’NIU d3u g ﬂﬂ@aﬂﬂmLLﬂmu’]@Jq\Lsﬂﬂa@Q 807 g U1

Y 9
£%

AU k aa azanunsau v Idlalaunn §annsvin Attention dReilenidiu A 75U q AU K wag Vv

Whunalinaansesnluilunnmesivilsmiludiunanves v e Ingliauddgyiu

Vv ANUAIT09 kg AIANNITN 2.3

ki xq (2.3)

e
A(q,K, V)= ZTXqVi
; .

-
2ie
WINABINISAIWIN q Mae ¢ i anunsavitbilunisgauamsnd ladsaun1sn 2.4

AQ,K, V)= Softrnax(QKT % (2.4)

Tnafiudazianmes q k v Ao Row Vector 1w Q, K, V audsiu waznisih
SoftMax Tufi i azyaunaIuazia Attention Vector vasusiay q 4affounazuailu
AQ, K, V) WILMNUUNPU0Y k FUNFUTLIAUDS q $1ANE9 A4 k-q ﬁ%gammlﬂéﬁa ER
oLt SoftMax udazluegluusinadiil Gradient ten yhlsiensonsmevanzdign 39

ladin1sanvuInes k-q MUTIUILARVES k Ay AIEUNSA 2.5

T (2.5)

QK™ |y

N

A5 Attention WUU Dot Product Ai@1u150Useng aawazid a9 hunns

A(Q,K, V) = softmax

AUININNIN Attention wuudy 9 vilalaenisiiia Scaling Factor Wl aglaoanudu



Scaled Dot-Product Attention @ 485 unelam18aun15% 2.5 T199U @1115067 s usdy

l MatMul
A

wsunwldagUR 2.4 (8]

gﬂﬁ 2.4 WNUNIN Scaled Dot-Product Attention [8]

Multi-Head Attention Inga1n Scaled Dot-Product Attention f1ununlaiae

o w I

viufielivedninegaeadns Jousn fe WunsuiA Q K, V uAminmsen Je19aglily
W/ MvnzandmIunisvin Attention AsazlvszuuiinisiSeusisMsivinzaumelay

nstdenudminily vilv Attention Module agluguuuunall

AQWR kwk vwV)

v AY o v 1 d' v 6

sgnlshmundalidedrinegnssivnmizevesdeyadufduiusiuldiisauy

U
Wwen Faldisamedmiunuiluiniiedie q vesdeyavslinnuduiusiulanalsuuy
Wy Useleaiin “Suideaan” A7 “wun” fu “du” a19aziinnuduiuslaen “uwun” 1Hu
nsTuRsRIlseloaniusesufe “au” vse “du” ARALanIAU U UDIURY “uan”

1%
[ 1 o o

Al wmsrzaziu F9p2593d Q, K, V Wuanee) 4a Fevzgnaaseauminiiaisiusenly

Y Y

wielianunsaiFeusamnuduiusang o 1o 91nludei Attention Tuwsiagyaneuagsiuyn

gardsaeiududeyaiioddluuszananasialy Iny Attention yanils azi3andniaianile
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AIENNIIN 2.6 waz Multi-Head Attention Flanisumnitiunsiuiu Fudewduaunislacs
aunsn 2.7

head, = AQW. 2. KWK, vwV) (2.6)

MultiHead(Q, K, V) = Contact(head,, head,, ..., head, WO (2.7)

2a

Asidvateul a1ameuladu CNN Nira1e0ddawnazdodnazis suan
anwagiunnaaiuly @nvineuds Multi-Head Attention @1unsaasUesnunduwnunn
WanaRagui 2.5 [8]

A
Scaled Dot-Product h
Attention
] ¥
fom o
Linear Linear Linear

UM 2.5 urunm Multi-Head Attention [8]

Tu Transformers aglailalduaines Self-Attention ag1ad el waagld
Attention AI#fLEMLUY LUULINAB Self-Attention Un@fsiinaundnasiuivnmingas
¥ Attention fUyAVLae WARIRsgUT 2.6 8] wuuTiaesiie Masked Self-Attention flusiaz
mire¥i Attention Aulamzdeyadiogduntinyiiiu Tag Attention wiindazldfudan

pansid Weswnnszuiunisasisednaluseuldiussadunisaseiiazda Fdliaunse

Uoyavnowianuibdle wansdsgui 2.7 [8] wuuiianude Attention Mwmilauduitldlu
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Sequence-to-Sequence 113l lneilsnansiasziduda Query Tayavini wd19ia

LARIFUTUT 2.8 [8]

5UT1 2.6 Self-Attention [8]

Y

gﬂﬁ 2.7 Masked Self-Attention [8]

gﬂﬁ 2.8 Encoder-Decoder Attention [8]
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2.4 Bidirectional Encoder Representations from Transformers: BERT

BERT 1Juuuudiasanian1u (Language Model) ilafilassasreunanndu
W59 989 Transformers §99gwAnN@19nUnSaN BERT azvenelnilanuiu Attention Head

1NTU T Layers UINTU LaZLLULIAUDY Embedding Vectors
2.4.1 Pretraining BERT

y3fiu Google Al ldAsulansuuusiaommanviuuudain Aedouiain
uFUY (Context) 7 119107 By M19T1BUaz Y wuduniniSoudlaglidyaou
(Unsupervised Learning) Aaefiu 2 1ang fiw Masked Language Model: MLM uag Next
Sentence Prediction: NSP

2.4.1.1 Masked Language Model: MLM

MLM gnesniuuniieldunuiliuuitassminmuikuuniiy ngly

WA IOUTDINITABULUUTIRDY Aauanslugun 2.9 [9]

Language Modeling Masked Language Modeling
chef  cooked  the meal chef cooked
A A * A "
. W 1 gess—
L\\2 i
| |
D / K ::;,:_{-i':ﬂr
T (%
e L= ’1/ /
the chef  cooked the meal

U 2.9 Language Model huusnadia (#1e) wWiguiiiguiu

Masked Language Model (937) [9]

Weuseleaduniaggnloudanlunuudiass awidenun 15%

YBIAVIVIUA IINAIMLATLEDNUUU 80% EQnUNUNAIY [MASK] 10% EQnUnuiele

2

AU 9 huudd kazdn 10% agldiinisiisunas
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80% M NuNUA A28 [MASK] W WUUTI@BIENE81UVIUNEY

(Predict) mmautiu IneWarsanainaAlsey 9 Tuuiun

2.4.1.2 Next Sentence Prediction: NSP

Tunsguluniswsu BERT wuudnaesaslasuguesusslomdudumnn

a

Ql v o 3 l < L 1a v o
wazisoug i agvinutednUseload aodlug duidudssleafiey Anlutenaisduadu
Tuseninaniangu 50% veBunaduguszleanegfnduluteyasuatu 8n 50% awiden

Y

Usglepduanadedeyaduselendians

2.4.2 Fine-tuning BERT

Fine-tuning ﬁ?uﬁmmm@lﬂmqm \{losa1n Self-Attention Mechanism ¥84
Transformers 42819 BERT @1015085190UUT1893AU9UA19 9 Tua1un1sussuiana
AWIETINA WnEe dmsunsUszndldiiieadeatugteninu Tasvhluagiisuuuude
ihaagdamnuiiieuasld Bidirectional Cross Attention

BERT 14/ Self-Attention Mechanism wiesaudoauiiaulafiu Self-Attention
peheiisyananin Tnesau Bidirectional Cross Attention Tuseminais 2 Uselon
AMSULABTUILADIIBUNAKALD T NALRNIZULINY BERT wazuTuuwsi

W1FTLADSFHINAAUIUIY DEIIUVBITLUUAINABY (Question Answering) Bunmaziu

SULUURIAAIN1NLAZUIUNY (Question And Context Paired) [10]

2.5 Open-domain Question Answering: ODQA

0DQA WunuvesnwUssavniiedweliinisaeranuiifunvisssuei
(Natural Language) IﬁﬁumeﬁaaaLﬁ@IﬁLLUUfSﬂama%’wﬁmauﬁgﬂéfaqaaﬂm 1ne ODQA
fuanusavinuldleeivielifundsdogaanaeuendld Tadouloisaosuud Fond
Open - book %38 Close — book Question Answering

ODQA annsauvsUszavldiiu 3 sUuuy Miluazuanadegud 2.10 [11]

1) Open - book QA: Retriever — Reader LUUI@BwENNNTNNA HALADUAUDY

Ihegnsgndewinemmeuvasinuilaviuluvugiingou (Training)
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2) Open - book QA: Retriever — Generator LUUINABIAINITA ABUAINY
Tnildluneudinaaeu (Test) wagidanAimouainyadineud iuseninnsinaou
(Training)

3) Close — book QA: Generative Language Model LUUT1A@8IAI1UITONDU

Aanului 9 Niidmeunlifiegluyadeyanisilinaeu (Training)

Question —

=4

Selected
context|

External |
Knowledge

Related
Question
context

[

Retriever
(BM25, dense vector,
etc)

.
start | end

Question

| Ranked contexts
A2

Reader

\ﬁ =

Answer

Retriever-Reader

4\

-

Ex(emél
Knowledge

Related | |
context | |
1

Question

Retriever
(BM25, dense vector,

etc)

Ranked contexts
|

s
¥ Generator ®
(LM: BERT, GPT, etc)

Question

Lo
5

Generator
(LM: BERT, GPT, etc)

|
'

Answer

Retriever-Generator

|

v
Answer

Generator

gﬂﬁ 2.10 AMM5IN5¥91UY89 Open-domain Question Answering (ODQA)
M9 3 Wuv [11]
TudSaaynfinusi §3nvinlaidenld Open-book QA: Retriever — Reader Tu
QUPHERRCRATT

2.5.1 Open-book QA: Retriever-Reader

dwuuasmn e luiiviun welifivilsanudwiisamelunisiivuiun
nyadayadmiuln (Training Set) axlalanansavinernauiigneesld Wisuiaiioudu
n1sasukuuladsla NinAnwiaglasueugaliduauanunaiauzateuen 8y
v A = L =1 a o v . . .
Mu\iaamaagmuuwﬂ‘uwLiauiu%mzm“uaaau 3¥UU Open-domain Question Answering

[y

& 1 a Y] X ! o A v A a v
ALYULAYINU 53‘U‘Uu7{l33~n@ ‘Uﬁ']‘Nﬂ’J']NE (Knowledge Base) [WaAUMILENA1TNLNEIVDY
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Tun15afnAIMBUANNUSUN @1U1TALUINTZUIUNITIINNTIIAINDY 9nU 2
Tupau daandlugy 2.11 [11] Ag
1) MuIuNiieIves (Related Context) 31Ng1UANIAIE Retriever Model

2) $NSEUVIUNSANALDIAINBUINNUIUNTINEIVDI9 I8 Reader

External

Knowledge
RejgSC [Question :
context
“Ranked \Fi777 7 .= 7= end pos
Retriever contexts start pos
Question —*{ (BM25, dense vector, [ Reader — S %
ol 2] Pl ]
: selected
context
Answer

sU#t 2.1 Tassa¥navessyuy Open-book QA: Retriever-Reader [11]

2.6 Retrievers for Question-Answering System

Retriever azgnldlunisisardnuazaindiawlddumuiunitisitesan
giuar wddsduuiuniiieadestdnduinidioluatnenfmneude Reader Model Tu
nIzUIUNIaRLY

BM25 1uiad esfledumi (Search Engine) wfiavnilafidn1swaununanwwIAn
984 Term Frequency-inverse Document Frequency: TF-IDF Lﬁ'aﬂ%’uﬂgmazﬂ’wuﬂu
druvesAUBNFIvedA (Term Saturation) LAZAINNE1IVEENENT (Document Length)
[12]

o

ABNFIYBIA (Term Saturation) anansaeBungldin windaamsdumein
“vidngasinsau” dudeddin “ndngns” waz “nsan” wansindeanisdin “vangns”
waz “Insan” egear 1 A1 Wladensddn “vingns” wse “Insey” ieseddlnogng
wila winl435v0e Term Frequency: TF wuuUn@fenisdususazedifesnistuuiun

WNeatas 1A “vdnansinsayn” wld “uangns” uwag “nsan” den TF wiiu 1
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33909 BM25 azauuiliamisdmed k = 1 faustariin “UANFNS” way
“Insay” wiagAaedlan TRATF+1) = 1/2 UAnINLIaAdN “wingnsvangns” vse “lnsay
Tnseu” usazdazilen TF = 2 uazagldan TFATF+1) = 2/3 asifiuinAfiind witeends
endiAwesrrutsduldldnnniARefundnintuaesnds

asliaenansau Rilmdideanismannninenaisenuslifisigosnis win
Fo9nsnsuienansiuduniesnilimeaadsvesnnusnvesenasusassunndy
aueensde nsludevledaiivnsfimes b Wunsfmesudn nanie mnAug
Yaenans (d) FAuenennieueALaas nashorlafunistnsusunzLuuTin
nwaznniwes b faggnuiulidaigsdu urdianuenentesniiniuen wie
Amiiees b Aazgnusuliliaranas Ssamsiiees b xdieegsening 0<b<1

9ndind i BM25 uniswamnunann TF - IDF wienisufudseiiasstuly

nslinnudduesanueTenaswarAIBLSveRBeR1Y 9 [13] fEunnsh
2.8

(2.8)
f. .(k, +1)
1 .
W, . = < xidf
1’.] dl
£) HAERRRRRA
i.j avg
lngi fNs A9 A0 TF
b e A1UFU Normalization A1egs¥1ing 0<b<1
Ky fio nfildlunmsusumsiwes Taed k>0
dl fie AAuevesenansTuY
dlayg fio AaAEYeIAIINETIVBNENANTHUY

idf A9 A1V0Y IDF
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2.7 Reader Model for Question-Answering System

Reader Model 1Judugavinevas ODQA gNasu1INNTTNT Fine-tuning
Pre-trained Model azl4lunseuuiuniigndsfiuniann Retriever Model uagazsinis
afafmeunUSUni

dmsunsatadneu azldlinsmeneuiidudeninueenuings 9 umduy
N157UUUTIAD9E 1A lNANYEY “input_ids” [14] WazasAUAIYIIRINBY (Answer
Span) AMnFuLMYS uFurS elnay “start_position” LLawT']Lmﬁqﬁyuqmﬁuaﬂﬁmaw%a

Ay “end position” ¥89 “input_ids” é’ma@ﬂugﬂﬁ 2.12 [14]

What region did the Normans The Normans were the people who in the 10th
give their name to? and 11th centuries gave their name to Normandy,

\ a region in France.
[CLS] What region did the Normans give their name to? [SEP] The Normans )

were the people who in the 10th and 11th centuries gave their name to
mﬁ a region in France. [SEP]

token IDs l

(INENSNESSENSVENEGNSNENENENRES EBS|

RO,

start_position end_position

¥
a o0 a

JUN 2.12 “input_ids” Nignaensiia lnedmuanddnny duansuiun uagiiiRuuans

AMBU [14]

dmiun13msy Reader Model ngily BERT Pre-trained Model 3gfiains 2
dunmuay 2 Labels Av AA101ULAZUTUN (Question And Context Paired) WagA1UL1
SudunarAugavosdineu mudidu Buduazigiauuaruunluviinszuiunneden
U931 a (Pre-processing) Vi audasidu “input_ids”, “attention_mask” wagzlvniAu
“start_position” ag “end_position” Lﬂlaﬂauvﬁjﬁé Reader Model aiald wanilasaasna

nsvieuaslugun 2.13
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[
"[CLS] Question [SEP] Context [SEP]"

1 —

wer
(contained within the context)

I o j ramnﬁov\.»mk] Bku\_cypa_ids J poction e
| | |
R 5] O
inputs

\ Vd
—— predict
—_— QA Reader Model
L

U7 2.13 Tassa¥annsvianuves Reader Model [14]

2.7.1 nsgUuNIsiAseudaya (Pre-processing)
M IMU18VBINTEUIUNNTT AL BUUANA ANAILAZUTUN (Question And

a

Context Paired) 1udioyafiazannsatiouidng Pre-trained Model tilefiagsinsimsuls
Fauandlugudl 2.14 Fsazdduneuiidifyfe Tokenization Ua¥N1TMIFIUML YD
A1MDU (Answer Span)

i nRaaiei desnisainnssuruninnioudeyat azegluguuy
Dictionary fivszneuludae Key “input_ids”, “attention_mask”, “start_positions” wag

“end_positions” fauandluzui 2.15

Context: My name is Tommy. I'm 22 years old.

Question: How old is Tommy?

Preprocessing

[CLS] my name is tommy. i'm 22 years old [SEP] how old is tommy? [SEP]

Do

JUT 2.14 gAmunazuSunnoulasnaIHUNSEUILNSWSELdaYa
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dict_keys(['input_ids', 'attention_mask’, 'start_positions', 'end_positions'])

JUN 2.15 Dictionary Key ¥8a@ dnavass1unssuiun1sinieudaya

2.7.1.1 Tokenization

Tokenizer L{uLn3 oei o ddyuaziduialandnvesnszurunis
wisudeya 1ne Tokenizer axvhuiiuendreenandeninm (Tokenize) IWidusniaumie
TyiAu (Token) mungunausives Tokenizer fidenld [15] usnanazuendeenandeniny
w1 Tokenizer faviutindiiaslniauiiiay (Special Token) Tiuganuuazu3unsae
d1m$u Tokenizer Aildlunsyuaunsiniondoya annsaFonldlfain Pre-trained Model
flagainan Fine-tuning si3eazaina Tokenizer Jusniasile Feaziidnetu 3 uuy foll

1) Word-based Tokenization

aaa .:4

n13 Tokenize wuufil w37 dnefidauaznsefiauiniign

q
(% '

mszazulasmieeidulmedagnss witlyvfinuandeisnsifinrundesgeiunday
wellanyadeyadmvsuiln 1wy duuudiasaasiiud1in “foot” wag “ball” anyadeya
dmsuiin widleluiaein “football” wuusiaesarliannsansinduls [16]

2) Character-based Tokenization

\Hun13 Tokenize Ineflusndonnuesnundudisns
(Character) Faazidusidnusiianunsanensaldsae ASCI 38 Unicode Toidediuiiulédn
oo d1l¥deA11ue1iy Character-based Tokenization adldurgyseananadiann
lowfleuiiu Word-based Tokenization wazazgapdeanuvsneluse

3) Subword Tokenization

Subword Tokenization Ao Ukuufa$19d usiil ourla
Ugyn1v99 Word-based wag Character-based Tokenization W0 ug‘ULL‘UUﬁ'% Tokenize
pungiléasnedu Subword Tokenization 9% Tokenize Tidudegesiifiniumuneg wu
A1 “boy” a¥liign Tokenize uiiA131 “boys” azgnuanilu “boy” uay “s” Favzaelok

WUUTN@RUL1ANIN “boys” ANNAINATIN “boy” NiANurInedsuly walnnansIn
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Fnviiienfiu 39 Subword Tokenization aiidana3fiu (Algorithm) ¢ef 3 viin Ao Byte-
Pair Encoding (BPE), WordPiece, 8¢ SentencePiece

dlevgfnuuazusunlusih Tokenization Lo dnndildeenunazed
lusUuuy Dictionary Fausvnauludne Key dall

1) “input_ids” Aafl Value 1Uu List ver1dnwzvaInAInILLAL
AMDU

2) “attention_mask” Aadl Value 10u List #ildusnuwuusiasii
Inaulnudesiiansanselinansan Tolu Attention Mechanism Tag 1 Aafiansan waz 0
Aeldfiarsanvsenlnau < pad>

3) “offset_mapping” 1A luN19MIFILNUIVILIAINBU (Answer
Span)

4) “overflow_to_sample_mapping” 19 1un19me b9y 198399 29
A1MDU (Answer Span)

gNFI0819n151935n19999 Subword AnUszleagesuszlen 1ag
Usglopanaiinsina daulselonuuliiinisdnm dein1sdnaAvesaesUsylonagneiu
winsaosUsleadiulsslendioniu uwasd input_ids #i19AuY éﬁ’ummﬂugﬂﬁ 2.16 Wag 2.17
[17]

© 1 print(tokenizer("sudlupulna")["input_ids"])
2 print(tokenizer(["wu", "ilu", "aulnu"], is_split_into_words=True)["input_ids"])

> [11, 162, 2939, 6762, 4949, 2617, 5901, 12]
[11, 162, 2939, 7439, 4344, 5901, 12]

U7 2.16 ¢ input_ids vesusagiluysylen [17]

sentl = tokenizer("wutduaulng")
sent2 = tokenizer(["mn", "iflu", "aulnu"], is_split_into_words=True)
print(tokenizer.convert_ids_to_tokens(sentl["input_ids"]),

| tokenizer.convert_ids_to_tokens(sent2["input_ids"]))

AWM

['[cLs]t, "W, Cssut, wnlut, tazat, ssut, Cs#lvg’, "[sEP]'] ['[cLs], "wW', ‘ssw', v, 'eu’, '##lvw’, '[SEP]']

U 2.17 msudasnduann input_ids Tegluguuuuvesusgloadignlnau [17]
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\A3 09Ny ## nuned subword N157 [‘W’, “##3°] NU18AIUTN
‘W iU ‘v mszieilusifeniu [17]

warludsyardnusi L3 Uuuvas Tokenization WUy Subword
Tokenization #l48ana3 i SentencePiece 4 ¢4 oA 7 L d 030150157 AeE 299877
(Pretokenization) wileuiifaddosdu Sununzdunisingnisdadlineiedng
awlng win1si SentencePiece uldduiiamasaissameosiiesin “dasinmde
Suasse” Bunildlussnusiignaiududiges viliuads “deshavdeiuisse” g
Tmely Feuduoudmnn “desimwderinassa” meluuuudassdonrinauldllflun
Ussinnuendn deufdgmidsdimafiulneufiesdmiutesine ¢ itelidesitmndes

gn3nwild uanasaguil 2.18 [18]

¥/ 5 ¥ ¥ c’l’ a a
VIAIAINUANINUY AUU Nllﬂlﬂllﬂ
SentencePiece [ull, Wy, N, 1y, 9]
(XLMR)
SentencePiece [, < >, iy, Aiv,l, 3]
(WangchanBERTa)

JUN 2.18 shegnssindnlaglddane3fiu SentencePiece Wiasnwneding [18]

2.8 N159AUSZANTNAINVBILUUINABY

& [ dl = ) [ a [ 6 ] . . dl

fotduns oslodrAglunisnisussiliunaawsuean15vune (Prediction)
YUYW UUINADINES 197U

2.8.1 Exact Match

Exact Match 2gAWIMEn517 String 1A1AALIIATINUAINDUSNBWNUTENIS
Wigala 1989 Exact Match Score agflainniu 1 1¥1aA1nauinnAsiunsInuAINeaUus1994
1NUsENNT wa Exact Match Score fiAdu 0 Wiemnaufirnaziulinssiudineus1ads

AzkUUAINa1EgNiumALRGe waglallu Exact Match Taesau [19]



2.8.2 F1 - Score

AN LEANIUSZANSAINIAENISUIAT Precision wag Recall 1NA1UIMMIALRAE

'
= 1 A

%38138n71 Harmonic Mean #4#1g4901931 Model UsdnSnnd ¥4

Recall @u15aA1uulaaIn AR (LUUINasIvinuie) AUAIia

2.19 [20]

a A

True Positive (TP) @9 A9IWUUTI809v U879 “959” waziladu “as”

'
= a

True Negative (TN)

a

iq”

5]

False Positive (FP)
False Negative (FN)

[
=

Ao A9wUUTIanaiiuied “luase” wazdandu “l

Ao ANUTHATUYIIWIEIN “9397 wazdlal

Ao FMlUswnsuvituieIn “luase” wazien

Actually Actually
Positive (1) | Negative (0)
T F
Predicted r.u.e §l§e
.Cs Positives Positives
Positive (1) (TPs) (FPs)
Predicted Fals.e Trug
; Negatives Negatives
Negative (0) (FNs) (TNs)

;J‘LJﬁ 2.19 11579 Confusion Matrix [20]

' Ny / = 1 1 o o
A1 Precision A® ATAINULUUYT ANENNIT 2.9

TPs
TPs+FPs

A1 Recall Ao AINQNABITEINTITYINIUIET19z T U ATBUAUTINILAT VDY

WA SV ELAZARTLINAT Feaunsh 2.10

TPs
TPs+FNs

ANYBN Precision gy

U39 dauanslugua

Tu “laiasy”
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AIUAN F1 — Score Haun1saawansluauniIsn 2.11

2% (Precision x Recall) (2.11)

Precision + Recall

2.9 gﬁu%’aua (Knowledge Base)

U

¥ = @

g1udaya (Knowledge Base) [21] A nuvestayaiigniiusiusiuliogiaiy

%9 Y Y Y
£%

sruulnefinnuduiuststusasiu laglilddeduitoyatomndasdeaivliluudiudoya
Weatunsaweniiunane 9 wiltudeya awsaiuteyaldvnuszian wu M1, dua, 36k
wazgUnw InediganduisidiunmuaunseuIunsldnu N9 viiensuseuiana

izuumm”mmig”uusu”auva (Database Management System, DBMS) Ao
TWsunsuwerldsgiudeyaiinseuagqy vivthilTeuasioudenatsseninslusunsuiv
fldurael il danunsofsdeyasmanuazdansvidouuusisoyaldiedeiu ssuudans
gruteyaiealdiuluiiagu (22 16uA Oracle, Microsoft SQL Server, MySQL 1fugiu
Uayaniinusifld mysal \Wuszuudanisgudoua

IS

9IAUTENOUVBITTUUTIUYRYA [23] Al
1) Yoya (Data) Ao JanaassiiavuinihunAulidugudeyadadeyaeiad

nsgdeunulaseninauilusing o usdesdinmsdiulidesnaavsewiid iy

a a i

2) 81525 (Hardware) L1iugunsalreniunes i iussansamiindouas
g138ANNAYAINTUNITUTMITLULNUTUTDYE

3) wouliu$ (Software) Ldududiid eusoszninaldivensauas dudu
TsunsuiimihfiguanisadienisiSenldteyasie 4 nsusuiae ufly wienanldsn
a9l “szuun1sdanisgiudeya (Database Management System, DBMS)”

4) yaa1n3 (People) Ao yaraillAvadaadunisldgiudeya wu fuims
gmﬁﬁaaﬂa (DataBase Administrator, DBA), UN3LATILM AL AITEDNBUUTEUU (System
Analyst) waggliviall Wusu

Ustlovidvesgiudoya [24] fdtedl

1) anmsdndouvestoyaiifesniafv esmndeyaursnenausingogvans

9 Wi szl ldyndeyaiivaneau
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2) Shwaugnaedvesteya Wesngudeyaiiiiiesayaiieaniansai

Y Y

[
=] v

fvayaiednuusingegvatswislugruteyateyamariaziesgnunlulinsaiulaenis
whlvgnludfneseuudnnisgudeya
3) Ins¥esiunazsnwianudasadelviudoyaveyldeg1azninganis

Jesiunarsnwnnuvasndeiazeygdlikagiieiteavintunaunsadriiala

2.9.1 szuudanisgudaya MySQL

MySQL Fatdussuudanisgiudayaidsdunus (Relational Database
Management System, RDBMS) [25] a¥197ulne Michael Widenius uas David Axmark lu
7 1995 MysQL 1 ugenswisuszinn Open-Source Software € wdudl Goufuuinly

Jaq0u ms1ga1 MysQL Wugrudeyanfivszdnsnngdldladunnagedauwsiulednd

o
v v a <

yundnluauteesdnsvuining Bnvisdalinusiasa Weiels wazldauladne MysQL
Wuwensuasild Structured Query Language (SQL) LT un 1w doyafi ugiunazdaiiy

Toyalunisne [26]

2.9.2 7191 Structured Query Language (SQL)

Structured Query Language (SQL) Qﬂﬁmﬁu%ﬂumm%aﬁwmaw 1970 1Ju
MwllsunsudmsunisdniusazUszananadeyalugiudeyauuuideduius aunsald
saL taanlusunsusng q Tun1sinisisdoya (Retrieve Data) :ngudeyauazidu
unsgunaiililuszuugiudoyasiag q lasidunnsgiuvesaniduuinsgiunend

BLSAU (American National Standard Institute, ANSI) [27]

2.10 Microservice

Microservice tJuluIAAIUNITEDNLUVLALWAUITLUUL WA LIS LU TLen

arduosnluiudesniudaszranu TTngUszasdiioiumiudaveulasanuauisoly

9

1%
=

n1susudgandlaszuuldogesansitulaed lidoswmuissuuanunluns uied &9
Microservice a@nansavinausuiulatiu AP

Microservice f9aanangaena [28] lawn
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1) inudavigu Ae wiag Microservice fidaseranulazaIuITalmuILenN
duduldlaeildnsenuiy Seildnsusuusuasimussuugonduifiunniuasd
ANNEANE g

2) AnudaazUsEansam fe wiay Microservice Snsviaudiuentu wind
U3nsvilana U3nnsdu o Asanunsaviauseld

3) Usgndaninens Ae weiay Microservice @131150UTUTUIARILADIY
doansly vililddeddminennslunsvedlaisudu

daddydmsunisadne Microservice o 153N UBBNLUUNISUINS THT]
aantRasuiudelildsulsslesinnnsldmuuinsnian faiudsidusslovd
dmsun1sadne Microservice lauf APl Sadudsfiusaruinisaunsafindevsaidousoty
18 Saszuuiitivualnafesiliuiniseing g Suunn saiudsfesnausunisldom AP

TvnzauinanmINUg 19U waLdNNLIAWIHoIeanwUU [28]

2.11 API (Application Programming Interface)

APl 63111970 Application Programming Interface 8wt oanaid ous afiu
sewinlusuns sifesruu eluderiawiuastenduasdduilagtuasmneds soemndy
mw?'fam'aLﬁaLLamUﬁ&JwﬁTayjaﬁ’mwdmwﬂwﬁm%’u Tngnisidauudesantaiiu
3 sUlUU fg

1) Private APl maneie AP il euiiaideuseiuszninsweunaindunisluy
psAnsWii Telannsadonldiuaindumnediavienaunanduniouenesdnsle

2) Partner APl ninefie APl ildaulitaleusaiusenineaan (Partner) N1

Y

5319 Faazdnindemnunisidende lngazilalvilveussiansdrusaysieninisanasiu
Liwindu Feenadulavis APl ASenldauldnivsedinsiseniiudumudiuaunislda

(Call Volume) Alg

Y Y v

3) Public APl visnefis APl auInIeLdnves APl W o WWalvgwauiuey

Y

&

du (Developer) anunsaawziloutaziSonldnulaandumesidn Jedlngay

o

NALATU

Wu APl anunsaisenldanulansuseisenldlasinnsiuiu daundeenisisentduuulal

[

eI RINTARAUTMIVTeRe v Tennawielduluzukuy Partner AP uny
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2.11.1 REST API (RESTful Web Services)

nsaLn APl Tutagdussiannlevihnuluguwuy REST APl (Representational
State Transfer) #1889 N158519 APl UsgLan RESTful Web Services F9¥mdu Web
Service sUuuunils Tnesvinnuaguuiiugruvedinslnaea HTTP ude HTTPS AoUszney
lUAqeA1T9990 (Request) Wazn15maUSU (Response) muguiuy HTTP Fwemdudiu
Header ua¥ Body Lile L amau Body maaﬁﬁawa‘m’%aﬁmau%’uﬁ%’udaﬁumaa%ﬂu
JULUUTDY XML, SOAP, JSON

REST APl 9¢fin15mwun Endpoint 3o URL leiuaundwaduns esvuudu

Senldrunuudsanununglunissenldeu wu AP 95 URL Path asine /users/john
vinefia msdudunieisengteyaveslinuszuuiidein John vie /create munufisns
indeyalmingdeya s

2.11.2 FastAPI wag Uvicorn

FastAPl LT w8 nnil auegav090191 Python 7 LT m$un1ssimun APl &
FastAP! wiiludesnnnusangalunisiaun Tnesessumsyinausas Python a5y 3.6
Huguly Teenslfumena FastAPl faafinisfiada ASGI (Gateway Interface) #ag Gvi
wihfiduidansdiieseiidianglusunsy Python My AP adreruvega Flask Fsaxd]
WSGl agaelu LALANANSTunSIT ASGl Sulsazdiosinnisingasiamn 3 ASGI QNAIL
W UG UL1990 WSGH L 95095 un1svhausuuldndauduwus (Asynchronous) o614
WebSocket wag HTTP/2

FastAPI Qﬂﬁ’wmmmn Starlette sfﬂLﬂ uwffﬂu ASGI Framework lngqg
¥ausausu ASGl lunssnnsiumsoswouaznisneundues APl 39 ASGI lufiiife

Uvicorn

2.12 Wsnaaa HTTP wag HTTPS

2.12.1 nslnaea HTTP
HTTP (Hyper Text Transfer Protocol) A Inslnasa #3a3uluun15d8ans
vuszuuinsednedumesiindudugaiidaves WWW (World Wide Web) gnidesaiu

wuuiliawivhlimeufiumesmaituaiunsadndsdeyaiiominiulingluveusaziasos
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1o Tngn1uN19LUs IS 19U Firefox, Google Chrome, Safari, Opera Wag  Microsoft
Internet Explorer 1l o suaniuasudoya aeloulsdlusduuudonan 1wy daninu
Anngdin 1des 3ile uadlndiadiidedu q Tnen1sviieuves HTTP vieueglusedu
Application Layer uulnslnasa TCP/IP 14 URL il 052y Server Uanemialunisiauas
waniasudeyadilassaiaduiidnvsuazduas IWamsududadenlos doya Text
wardu luguuuy Plain Text Wudomnusssumlsifinisidisia ildamnsagninduuas
g1utoyalsing Jelivasnis laglumswanidsudeyaszninaivlnaduy (Web Client)
wazIu@sniaes (Web Server) aenisdsainiiulaadurilui@sviiesasisondn HTTP

Request ddaya LIu@sesnounaunfivlaaduiazisandt HTTP Response
2.12.2 Iwslnaaa HTTPS

HTTPS (Hypertext Transfer Protocol Secure, Hypertext Transfer Protocol
over Secure Socket Layer W38 HTTP over SSL) Ao Inslnaea wie3Unuunisdeaisuy
ssuuiATetedumesdidn safu HTTP Aensifiu S wde Secure Aafinasld SSL (Secure
Socket Layer) ag TLS (Transport Layer Security) lun1sidnsviadoyaseninenisds 9ae

Shwanugndswesdeyarlduaziiudeyaliiluaruduseninmeuiiomesvesldiu

E24

@ 6 =1 [} < 1 £y} |
Aulas Tnesinnudasndswazidudiusiise gy

v A A a L3

HTTPS 138 HTTP + SSL gafidAgyfefidrunisiigaumaiadunisnsiaaey

e Y

¥

::4' Y v I @ & 1 a LY =3 acs 6 &
L‘W@33‘14@’391‘141‘14?1WﬁLsUWEjL’JUI"UG]ﬂEJULLaﬂL‘UaEJusUaiJaIﬂEJﬁ]ﬁx‘iﬂU‘Vl’]ﬂL’JUL“ZI?WL’JEJ?LU‘UI‘W?IW

Y

Aeanii1sialun1sdeans lagld Asymmetric Algorithm e lilviinnislasnssudaya

1 a O oo ¥ v & ! 13 < ¢ = as s A [y
FENUINNAN DAYNYIFUITAVITAANY 2 13 T8I L'JUVLﬂﬁLE]UVl-L'JULGZﬁWL'J@i Walesnu

'
LYY

n1sUasuulasdeya warduiulalainseninamisuandeutayaazlignune wse Uaey

a [

o o Aa < LY 1
wias mnnvdmsugsnanilveyalduanuay 1wy suis [29]

2.13 13Ulwd (Website)

Aules (Website) nunedls ntduimanateminiidaviduiiediauetoya

] | a ¢ a f R = A o sa & A v a
AN 9 HunReNianesiazduesits Judonlusiunulaesdashieliaunsataly

R

) v ' Y i I 5 1 sal a Y] v
Fomdnunang 9 leedreirenne Ineivledduluy Aivaiuledndalidwalansuaguna
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Gulwdfdesalinsaundnuazideainsieastildnuiuly fedeyaluiviasiivarinvane
wuuTuegiuauiesnisinauseadwasiuled (30
nsvvaunsinuvesiuledidnvaenisliuinislugduuureslaadun
W9 (Client/Server) [31] lnsdruveslaaidwini e lduinis niefiTondn 13u
LWIIes (Web browser) 19U Internet Explorer, Google Chrome wag Firefox ugu 39

[

Wsunsuwmanlagyimiidud Seswauinisandiuinisuseliu@snnesinefinsd

D

Yosvaunzmanoundudfesvaiiasdsinusuuulnslnaoadmiunsdoas uansdagudl
2.20 [32]

Famswmunlsunsuludausunthfineaiulgiufiveminiulesidu Seni
Front End Web Development iunsideulusunsuladuluuansualduusuusiwes
Tagvinuannsgie W3C Tnedeailndiidouainnisils Front End Web Development
Tufulivuiudsiaesdadudiufineedeulndvesils Front End Wfuduviusiwes
nsruaunsiagifumiiives Back End Web Development fivtiitlun1sdnnisdoyadi
3 Front End fasnisuazasiubisiudenseenwuugudeyaliiudeyauasfeyaunly

TSnaelalaednlva)dondeinu AP [33]

Request Request

Internet

Web Browsers Web Servers

SUM 2.20 uansmsviauvesmstviuinsiiuled (Website) [32)

2.13.1 Web browser

Web browser fio Wiunsuaeuiiunesiligdoyauaslfmeundutoyaionun
Tu www. Fasamdaiuled Suma 3ale uazgunw Tnedrnudszneuvesnsiammii
wanflgnadisdreniwianied 9imiuainsgIu World Wide Web Consortium (W30)
e HTML (HyperText Markup Language), CSS (Cascading Style Sheets) waz JavaScript
(34]
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2.13.1.1 7w HTML (Hyper Text Markup Language)

HTML 031270 Hyper Text Markup Language ApA 1w Aauianes
sunuunieildlunisuananavosienaisntiniiu (Web page) #siiainnwn HTML Wisy
Wulassasrsvenivlesd gnimuinasiinuauinsgiulagesnns World Wide Web
Consortium (W3C) [35] n15138AlF9UnI oNAdaun1syiIuTeuenals HTML Fguanina
UL ILS LU IE Microsoft Internet Explorer (IE), Mozilla Firefox, Safari, Opera,
waz Netscape Navigator {usiu HTML figusing 9 penuNoE eI o s HTML Level
1, HTML 2.0, HTML 3.0, HTML 3.2, HTML 4.0, HTML 4.01 was HTML5 TuuSayaniingis
A3V lald HTMLS dwsunsasaiules [36]

HTMLS uniignifannsesnainaiw HTML wazannTuning
WHATWG (The Web Hypertext Application Technology Working Group) lngladinisusu
diuArdnuaznate 9 egrndunieligwaunansaldaulddeung sy dedvs
HTMLS [37] 1w Liuledfiainaainanswn HTMLS ansnsowaassaldfunniuiuniees, i
m'mLﬂuaaizqqLLazﬁms{]’mmﬁsﬁaﬂmwm@ﬁasﬁu g

2.13.1.2 71w CSS (Cascading Style Sheets)

w1 CSS gauna1n Cascading Style Sheets 138nlaggain "dlnadin"
Aomuildlunisanussivleivieuiuussenans HTML Iﬁﬁgﬂuwﬁmmmmﬂﬁu LU
U%’ULL@'@L’%@N;ULLUU&’Ué’ﬂm, YUIAYDIIBNYST, AdUAG 9, U Lazdu 9 [38] F9Css 4l
Fnwazsdunwifisuuuilumsideu Syntax wuuamzuaglignimununsgiulag
World Wide Web Consortium (W3C) [39] CSS ﬁﬁgﬂ‘wm 3 éu lAun CSS1, €SS2, CSS3

2.13.1.3 an¥1 JavaScript

JavaScript fie nmwasufiawesnMumiltdmsunsdeulusunsuuy
syuudumediiln JavaScript iunwaniuidsingdslunsadiaasiamnivledasly
ity HTML dielsiduledfignidusing 4 saelvifianuthaulasndetu [40)

2.13.1.4 Cloudinary

Cloudinary A® Software-as-a-Service (SaaS) 30 UIN15FONALIS
vwdumedidnivilvanunsothunldaldnnd Tnewihiivanves Cloudinary fis n1sdnLiu

Idsunmuagiiloveaivled wielusiaasiig q ununaziulilu Server naiivaslu
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llanes wazaiu1saUsuwaaruin, duaziovinavesguainladie 9 W1y Cloudinary
1nensa [41]
2.13.2 Web Server
Web server fia ganlduisnielusunsudmsudsnnesuiandawisieine

wiasmauiinnes [42] lnenifindnveniudinnes Aenisdaiv, Sumdaninnisdeve
vosililpaduilaer uniaiuiusiwesuarinisussunananisviuiiuiainnisdoswe
Fananudrdeidemweiundullfundeweslaadwivdewelnedewndewemaituniiu
malnsivmeadmsunisioansseninslaaduinan@snines wu HTTP, WebSocket Wil
Wa1 Web server 101519 91Us A UA 1 LUSIATUMAINRANE 18U PHP, Python Wag
Node,js Fsanunsaidenldmudnuazasinsldnunasanudeinisveddasinis sy
Jnusdldlnsinaea WebSocket wagld Node js unielusunsy

2.13.2.1 Node.js

Node.js @® Runtime Environment @1%5un15t4n1%1 JavaScript
woniuusiiwasuuils Server-Side @ Node js \Ju Open Source wax Library fildidmsu
WAULIULOUNELATUANY 9§ Aaan1w7 JavaScript Inaldinalulad V8 JavaScript Engine
184 Google Gl Engine fifiun1s JavaScript Ifi§uazdiuszansnmgs uonani
Node.js é’fqL“T;JuLLWamWa%mﬁﬁmm@wzjuqﬂumiﬁmmL"‘JULLaﬂwém%’u (Web Application)
way Network Application #14 ¢ f28n151791ulUU Asynchronous I/0 524898117190
Whilagutayalaluu Non-Blocking I/0 8nene

Snits Node js Sfail Framework LﬁaﬂhEJW;EW@,JmIUiLLmummm
WelUIwaUNALATUY Node.js Ihog1951A5uavaEaINaUIENINTY faE19wee Framework
uu Node js ﬁié’%’ummﬁamLLazqﬂﬁmﬂ%’muashums'%maiélm Express, Koa, Hapi,
Meteor uae Nest)s 4 aisnundl §a1uauisouazi ugiui wanatefulumunsas

Framework Tun1stganu

2.13.2.1.1 Express Framework
Framework fia 4nfd4 1A3esile v3alassasted1dlneg

nilangnasrsliieduisanuazantinuiniawiluswnsy [43] 3snanaladn Framework

'
=Y

wduasesleniusyloviogaund ndudnwaulusinsy feuselovivas Framework

ﬁef

(Y]

fisai [43]
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1) Usendniawaghssuyasnimunlushnsy
2) Framework fin159aaT8UYAAIEINUIUAIG 9 Liela

P lUsganladeunniy

v a &

3) fimsasiyamdlussilouwaganunsausulioula

1

U?iyiyﬂﬁwuﬁiﬁﬂj Express Framework 11 Framework
d1915U Node js fitaadnawaundduwuu Server-side ldagsdiameunaziinnnusindauin
aRa Inganunsaldauuegasig 9 la 1y middleware, routing, template engines wag
Ju 9 wonaNi Express §48au@1m150lun1991197Us 8 Unae o Framework Wag
Library 6179 9 19 body-parser, helmet, morgan, lag Passport yYiliinwauaI1uIse
aérueunatatuiiinnudasedonariinuansananvanesu sy Express Sau
Framework Tinnazidufiosldfustisnnly Nodejs dvsunsadiaiuioundndy

2.13.2.2 Socket.io ey WebSocket

Socket.io tu Library 984 JavaScript Pldfuiu Node.js & aaelok
Shmulsunsuanusafiaadraweundindulduuy Real Time Weiedety Tnannsldany
Socket.io aztfumsideusauuug fuszniraduiuniwefuaziuidswiiesds Socketio
Ou Library fivaelwnnsldaiuves WebSocket 7ivdulnsinaoadinsunisdsansiinny

gonnuaziiaveuuny

WebSocket g nslupealunisadienisideusenisdeassening
Huwsfiwesuazfudsniies 44 1Jun1sdeaisuuu Full Duplex w3e Bidirectional
Communication waziinisilansldeunisaeansiuuy Real Time damanefuau dail
LLWﬁ@W@%MLLaﬂLﬂéau, LUNBATULNY WAZLTRUDH

11591911989 WebSocket agiAnid aiiuiusiweidoinisiotve
foyanniu@sninesin WebSocket Tngiiuiusiwesazisususenisds HTTP request
Lﬁ@ﬁ’]ﬂ’]iLLaﬂLU?EJU%@%&LLUU Handshake 1138 WebSocket Handshake Request 2Nty
Vud@sninesaounauldu HTTP response #58 WebSocket Handshake Response Wil
Lifiteyale 9 nduludaiuiusiwesndeuiu HTTP header fisyin WebSocket leign

a v 1Y 1

Wad ulkdl 3ndulusunssuiunsuanila EJ‘L!‘U’EJZHaﬂuﬁﬁ‘w’l’]ﬂL’?ULUi’]’iL‘U@%LLa%L%U

Y

W@ieslavlidesasianisidenselnivnasidnisdsdayadwinlinisdearseoe
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WebSocket fiaanuisauazUszd@nsaingindinisd 13638 HTTP request/response

595UAN WAReFsgUT 2.21 [45]

Web Browser Web Server

\ 4

WebSocket Handshake Request

Y

WebSocket Handshake Response

data

data

data

data

data

Y

data

U7 2.21 M3viauwes WebSocket [45]

2.14 Text-to-Speech (TTS)

Text-to-Speech (TT5) \lumalulagNviswlasnindeniulinaiedudsme
lpgnluilid lnenlidndudedinuyaase Ao aunsaulatoninuainesssneuiamesiv
Jwdsanyaldlaednlud@inisiiauues Text-to-Speech finaneds uiisldsumuiien
geanfenslduuuTnaeIn1snangnaselumgmnaluladnisiseus gl ningziuuinaes

1 d” = a 14 = a Y = 14 ) d’{ v v
wianfiagiinseuiannidsanasadidaiademntuniindliies

N15%191U9849 Text-to-speech 9zi3udumesn1sidonrudundudaya
NUULUUIIaeRzinswlatennulindudeamn lnensuideyaidefignasiatuun

AunsUsuusisiazUszsnanaivelidesgiludemavomyuduiniian uazgavineaziinig
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! a 1Y) 19 = I3 | < ¢ a 1y} = o Aa
deeanidumaludaldnudseaduiumaivled weundiatu vsegunsalau q Nlinns
5995V Text-to-speech

N3L91U Text-to-Speech fiUselewting 1eunn WU PI8LARLANNEZAINAUNY

Tumsenu Peligiinismsdeasamnsadifuilomideul e iuledlaiedu

2.15 Speech-to-Text (STT)

Speech-to-Text (STT) fie wialulagnisuvasdesmalinatsdudeninu lne
wlfuvudiassnsiSeusvosaies (Machine Leaming) waznisiSousidedn fiiseusuay
UsudgsmnuanunsnandoyaidesitlesunsiAuiietieun Tnsunfinds Speech-to-Text
awFenldonusin AP fignadatulneuisniedlsusnsiy

\iefinnsldau Speech-to-Text amnsanasyaidilulugunsaliiduega
Speech-to-Text 19U aunfnlviu w3elnsvimifsessy Speech-to-Text (STT) udmegass
Fudvsiidnnuduvandsandiulinaedudonny snifufarddemnildnduluss
gunsnivesldauieliildouannns uuasndlatoanudld

Speech-to-Text dUselgyagaunlun1syiemassin1smienisiadusay
msa Tnstefislenadlunsidfedons q wazanuazanlunismuaugunsalieides
uananddaiinini1 Speech-to-Text Tuldlunudiugsia wu nsdufindeanulunis
Uszg maidnladennudiliiduniwduns wemsdumdeyaluliuledfianunsaldides

@ £ o 1% ¥
Wudmuuanisaumle

2.16 ns1fniAdaulna (Motion Graphic)

nsfindeulm (Motion Graphic) LugULuLIUNTIANT#S 1991019

2 ddlagdszuun1svarulugUyuuy Animation 384519 Digital footage 71 @314
d' ¥ 41; ¥ A d' U

apdeulmliusinguusenin Fee199zdsznaunlenisldiduiasdanaunig q lay

UagUudsunasimuidesenlusiuvesdsnasAalzsmadvag1anainuaieiiodqin

aunsaeiurguazviaudlaladeilegndesenly WWsunsuitldeaaniuu ns1din

wnd aulna (Motion Graphic) 1914 Adobe Photoshop, Adobe ImageReady, After Effect,
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Clip-Studio Paint &y Adobe Premiere Pro Usayeynfiwusiild Clip-Studio Paint @113y

MALAZYIN Animation wagld Adobe Premiere Pro @usuaun wiumas

2.17 Docker

Docker AoiA3asiionuy Open Source WiaunannasureansuIsiviesan
annuwIngaeu (Environment) Tun1ssu Service 38 Server [46] Faglianunsaasne nageu
uazAndsnaundiaduldeg19sanisa e Docker avussqeonlsuaiasiulumaedidy
1195514 38077 Container Gsazdlvndsiiwonduasdodldlunsidonldam sauis Library
\3esilodmdussuu T wasduln danunsafnsdldasaasUSurunaweUndnduldvang
funnanInuInaey (Deploy) [47] nieasuredntdeladn Msld “Docker” Wunvaelunis
é’m%aWﬁLLﬁmﬁﬂﬁangLu'gULLUUﬂJm Container # Container danunsarlusuuuadodlvu
anmuandeulnufld Jaoundiadusinanazaiunsaveulaund ldinezilusuuy
\A3 89 Development #38uu Production Server luufnu [48] Aaeg19nmsiunsid
Docker Wansfsguil 2.22 [49)

e R —
</code> PN services -
Ny database
NARRTRARAA
&Elil_i i </>
docker libraries

U7 2.22 fhegnanmsannisly Docker [49]
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2.17.1 peAUsznaUNUgLBY Docker

Docker ¥91udae 3 Funeuldun Build, Ship uas Run ds9zldasdUsynou
flugu 3 agneail Taedmsuesiusyneuiiugiunazn1svauwes Docker LR IRagUT
2.23 [46]

1) Dockerfile (Build) figlndfitien Source Code uaw Config fisausINFAS
ynogsldlunsuteundiatul idmivasradu Docker Image

2) Docker Image (Ship) Aowduvuiildlunisadadu Docker Container 3
Usznoulddreuaundinduilazyiaudiedinisisenldaiuain Docker Container 1y o
SRR aesanandeufisndudnunsrienls

3) Docker Container (Run) Lfluﬁlusmj’;maaLL@UWﬁLﬂﬁf{uamwLLmé’auﬁ
Fudusen1svihen uazesruseneus q isndusenisviieu Ssanunsaasiaain Docker

Image W1UNIAMUALATIAS1SN Dockerfile

Docker File Docker Image Docker Container

AL

—_——

JUN 2.23 aaAUsEnauiugIuLan13vina1uved Docker [46]

2.17.2 Haunneinavas Docker Wiaifisufiu Virtual Machine

Docker fiduiiadneiu Virtual Machine (VM) Ao a1ansaugniifenioanan
gondsdu 9 Afdeiauegluaioslsd Docker fdwdiunnsi1sa1n Virtual Machine Tu
wane 9 du Tuaied Virtual Machine Wuleadvosszuuufsinisianun us Docker
Container fulaily 31z Docker azladviauulawesliged Type-1 Ad1uunui

5EUUUHURANIINANUBIABUNIABDS 119991N Virtual Machine #a9vineuuL Server nany
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% |

#2 usigaLAua Docker ARaNsldMINeINTAToINI1A15919ULUY Virtual Machines
fetiu Docker Fagnadrsunifioudlodedninues Virtualization wst Docker azfuiamnzas
FudulunsiFenlivinsvendufies o wu grudoya vie Iudsines Feudauins
293#3 Docker 189 Maon9u Dependency w19 9 isnfudensenld wu Library 209
ganduas fafy F9lifin1suinisvesszuuUfuRnisuan (Underlying Operating System
Services) Tu Docker Fafuanimaiivinli Docker fiminiun ilosaindosnisiudiluns

udeyanasrieanudfitesnitlunisvineu [50]

2.18 Google Cloud Platform (GCP)
Google Cloud Platform (GCP) #3® Google Cloud 101 Public Cloud 909

'
a

Google

v v A

j?ﬁ] niud lddnavdu Goosgle Search engine, Google Map, Google Drive 1oy
Uniudn Cloud tuaefiudnisnazagne [51] GCP fwuifu Ing GCP fusnssng 4 wnune
lai19zfu vinislunguues Al uag n13138usveaAI 84, APl Management, Compute,
Containers, Data Analytics, Databases wag Storage tHufu [52] IngdmsSuuSganinus
i ¥avldldu3nis Cloud Build 99nuFn13nay Containers & 1y Service 718w
Serverless CI/CD Platform @1315049mn135 Testing, Building wag Deploying lalusales,
Cloud Registry Favdun1susnsiiliusnisismiunazdnnis Container Image d&nwa
AR18AAINU Docker Hub TaeaunsadaAulaniy Tag %Se Versioning ¥84 Container
Image wazau1sadadesrnududiuiives Container Image 16 T1deenslindudau
yAAa 38 as1sNLiednn1sAAaBate anunsadaniseygalilasaiunsaidida
Container Image ¥ 9 16, Cloud Run ﬁﬂﬂ‘U?ﬂ’liﬂa;aJ Computei@alﬂju Compute
Platform wuu Serverless fiau1snainaduasinesnlusialamusiuaunisdoansidiun
Tne Cloud Run 9wt luni135u Container Image 911 Cloud Registry ez Cloud
SQL 91nUSN19nq 4 Databases G?QLﬂuU%mig’]mTagaLwU Relational Database Uy
Google Cloud Tifunssureniusgiutdeyauuu Fully Managed @3 Google Iwquasyuy

Nneg el lneseesuns MySQL, PostgreSQL wag SQL Server
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2.19 Heroku

Heroku tJuU5n15 Cloud wuu Platform as a Service (PaaS) s un15WaIu
Yo9U3IN Saleforce [53] AilusnsdmSuiniamngonauag deliusnistunisthnldauay
AsvhuveaSukeUnalATuuY Cloud Tne Heroku azviwinfiannisiendsiinasuaz
Imqa%’wﬁjugm Al waugenduisaunsaliiaianizdiueesnis Build, Deploy,

Y Y v ¥

Monitor App [53] wagd 18 IiR Wawnaun sl LUinsimwweundndulduinndinis
N9 Miie$8nadeiin1g Add-ons @mSuuSNI58 U q 18U Redis, PostereSQL,
MongoDB annsaidenidemldnuuuniuasidedu (54]

Heroku winzdmsutiniauiidesnmaasadeuivueundinduvesmuuay
Fosnsaubavgulunisdanislasaneiuguuazdosnisarufadetugiudoyaunuy
Managed Service 31 Heroku lévinisdanisionliuds waeldnudie [54]

fofives Heroku e lidasinaiosnissanisdsnnesaiuisai Scaling 1é
agedreme fiiadedelunisdnnisueundindunazinnnaniugnisiauldesaasain

Lazd9aN150 Ul NS UTBI18AIUSNNITANUNTTEITINUISILADNARE

2.20 Git

Git A izUUﬂlUﬂm’mi‘%’u (Version Control System) ﬁliﬂumiﬁ'ﬂma
n3I9aev UAly uardnnunisiasuulames Source Code [55] Tne Git aziiuuseSves
uriazlidfignasne au visaudlelagles delns T Sesliinianuiamsainy
Swiulaegradivszansam Git dvidenldnainuaieguwuy 1Wu Github, Gitlab %38 Git
YOI RoIALA

Git izdmunimugoniungluuy Helnimundidinaduieln
wsosrAulien¥n lay Git Yrglminiawaiuisaviauiuiulieg1alivsednsamuag

ﬁﬁlﬂiﬂﬁ]i’)‘ﬂﬁ@‘ULL@SLLmSUG?J’@aG]Wﬁ’WIVLG?{QEJINTJWL%Q
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N1399NLUULATNITIAVINUI Y IINUS

3.1 N1323NLLUY
3.1.1 N132BNLLUUISUUTIU

Anwuarimuszuuiuri1deya (Recommendation System) Feazuuzih
LAZABUAININAIBATNITUTENIANANTMITITUYIRA (Natural Language Processing) lae
afaduuvudassdmiuneudiniy (Modeling) TuiFeswomangasinnssulnsauuiam
a13mnssulnsauuALLazlATNg AuEIMNTTUAIEns dardumalulagnszanuingn
RIAUNIITAIANTETY NENENTUITYYIAT Ferzihnisadadudiuvenedmsuiiulduy
duled annsoldneuiiudomnuviedmauazuanmaidunmiiniadeulmesnunde
Fauandlugud 3.1

Question Question g
- - = » Pro-processing
Voice/Text \H f
—C(J* o —
Website Retriever «—»| knowledge
Answer Base
— 3 st
Motion Graphic ), 1
with Voice/Text [ |
Answer .
- Modeling

U7 3.1 vdenlpeunsunsfinwnasiannszuviuzioyadmsunmaivndanssy

Insauway aotumalulagnsgastina A aInnseUs

InelulSeyaninustazeonuuulszuuludiuees Pre-processing, Retriever,

Knowledge Base was Model @¥1a:8u RESTFULAPI wazazyinisadrniuladiiiows AP
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vosszuuillulteuseld uonaind agiin1511 Google Cloud Text-to-speech APl u1ld

nuludreiuleddniie dauandugud 3.2

Recommendation System API

ueston
»| Pro-processing

A\

Retriever - »| knowledge

Web Brower Base

Y
ver
{ Reader Model

n
Voice/Text ! > [ - -
Web Server =

Website

Motion Graphic

v -
with Voice/Text Google Cloud Text-to-speech AFI

i o & a a s
E‘U‘V] 3.2 ﬂ']Wi’JiJﬂ'ﬁ‘V]'N']UVN‘Vmﬂsﬂa\iﬂﬁﬁyﬁy']UWUS

Tnedumoumsldmuasduangléfeme Request miduladandudsnesroniloqlfoy
I¥insnnudon fonufargnasniiiudsmaesneuayadluls Recommendation System
API ppuRaLazdIrIRaUNdUIN Indudneudagmeundululndldnunieutugnds
#olU7l Google Cloud Text-to-speech API Koy n32UIUNTT Text-to-speech wagazld

WadesnduuniudsiesneuazgnasmelUligldnudni daandugui 3.3
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Reccomendation ~ Google Cloud

Client Web Server System API Text-to-speech

Request

Request
Web page

HTML file

Question
\%’

Ansver
k'_’_’_/fi\ir/f’“" /

\/ Request
Asking Question \'

Audio content \/

Audio content

5U# 3.3 Network Timing Diagram

3.1.2 N1590NKUULAZE519 Reader Model

N158519U VU809 281Ud M UTEUUauReU Ingld WangchanBERTa
Pre-trained Model Situspussuandlugui 3.4 lnaEuduannsasagadoyadmsuiins
domifgafumaisfimnssuinieuuiay augdmnssumans asa. ntuideyadlurh
nsgvrumawsadoyafieutastonnnuliduiiavielney sntuisazimadoys
drnsuilnilumsuy WangchanBERTa Pre-trained Model 1§ w3afAonszuaunis Fine-
tuning UazgavgAeNITUTEiuUsEANSAMKUUTIaedlagazUssiluinuNany Y Exact

Match wag F1 — Score

Create Dataset Pre-processing Fine-tuning Evaluation

JUT 3.4 Udenlnezunsun1seeniuukuuIaesdniusEUUINAOU
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3.1.2.1 M3dnwmsenyadayadmivin Yatoyausediu wasyntaya

dmsunadeu

wUsdndiuvestoyanandu yatoyadmsuiln (Training Set) 80%
yadoyau szl (Validation Set) 10% , yatayad msunaaou (Test Set) 10% 130 YA
Foyadmsuiin : yadoyauszdiu : yadoyadmiunagou = 80:10:10 Tneludiayaninusd

= ¥ < v U e 1 [ v (] [ ¥
HYAUVBUAYNVIUA 375 A AIUUIIENNTOLUIDDNLUY ﬁﬂ%@mﬂaﬁ’]ﬂiUﬁJﬂ 300 YAULLA, UM

Toyauszidlu 38 Yntoya uazynloyadmSunedeu 37 Yatoya
n1saseyateyad miuin yadeyausuiliu uazyadayadiniu

naaeu zdiuuuudu List ve3 Dictionary dauansluguil 3.5

{
"question_id": question id (int),
3 id": article id (int),
article texts (str),
: [ question (str) 1,

": [ answer text (str) ],
"answer_start": [ answer beginning position (int) ],
"answer_end": [ answer exclusive upper bound position (int) ],

}

U 3.5 Uluuvesyateya (Dataset Format)

3.1.2.2 NgUIUNNSWTENTEUA (Pre-processing)
N3¥UIUNTAIEUTBLA (Pre-processing) Azl Tumnausinansluguy
3.6
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Start

v

Data preparation

Tokenization

Y

Find the answer position in
context

End

g‘dﬂ 3.6 UABNABELNSUUBINTLUIUNNT Pre-processing

1) mMawsenyateya (Data Preparation)

ailnanyadeyad msuln (Training Set) Yaveyadmivyseiduy
(Validation Set) uazndeyadmsunnasy (Test Set) mnillsasndliluidert 3.1.2.1 Tng
14 load_dataset Class 91 Datasets Library LLﬁx%@gﬂugﬂLLU‘U%m DatasetDict A9LAA

Tusunn 3.7 uavdauanslugui 3.8 anudsiy
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1 %cd /content/drive/MyDrive

from datasets import load_dataset

datasets = load_dataset(
"json", data_files={
"train":"train-dataV5.1.json",
"validation": "valid-data-V1.json",

"test": "test-data-V1.json"

}
)

O WO ~NOTDTULT.pE, WN

[y 'Y

f—

sU# 3.7 msnmdlvangndeyadmsiiln (Training Set) gndfayauseiiiu (Validation Set)

uazyavayadmiunagaeu (Test Set) #7e load_dataset Class

[27] 1 datasets

DatasetDict({
train: Dataset({
features: ['question_id', "article_id', 'context’, 'question’, 'answers'],
num_rows: 302
)
validation: Dataset({
features: ['question_id', ‘article_id', 'context’, 'question’, ‘answers'],
num_rows: 55
D
test: Dataset({
features: ['question_id', ‘article_id', ‘context’, 'question’, 'answers'],
num_rows: 21
»
b))

g‘dﬁ 3.8 U datasets ﬁagﬂﬂu'gmmmaq DatasetDict

2) Tokenization
USeyeylinusilagvin Tokenization 2801514 Class AutoTokenizer
970 Transfomers Library Fadunns Tokenize wuuid eaiuiy WangchanBERTa Pre-trained

Model uazazisenld from_pretrained() Method 11&@$19 Tokenizer Object fiauanslugy
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7 3.9 daunaziiudeayada1a1u (Question) haguIumn (Context) 1Wlulu tokenizer

Object é’ummﬂugﬂﬁ 3.10

1 from transformers import AutoTokenizer
2

3 model_checkpoint = "airesearch/wangchanberta-base-att-spm-uncased"
4 tokenizer = AutoTokenizer.from_pretrained(model_checkpoint)

gﬂﬁ 3.9 1158319 tokenizer Object

1 tokenized_datasets = tokenizer(

datasets["question"],

datasets[ "context"],

JUN 3.10 Msiiudeyanmauuayusunly tokenized datasets

L4

desnnlulasenuifasdes Tokenize futenuiifianuenauin 3
fitunouveINsTUIUNS Tokenization Laandiail

2.1) M3findaA11u (Truncation)

NANNT (Memory) Aiflagnsdinves Language Model
Jsflanudndusdranniiazdesinisiadeninu (Truncation) vesyndeyadimiuiin
(Training Set) fensiiuntsfiies truncation wag max_length Tu Tokenizer Object
Tneagzimiunlyl truncation = “only_second” 1i18391n¢ Truncate Wigau3un (Context)
Lviﬁﬁ?u wagAnuUALA max_length = 416 iegan WangchanBERTa Pre-trained Model

SumrmenlelaiiAy 416 Token wanslugud 3.11
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1 tokenized_datasets = tokenizer(
datasets[ "question”],
datasets[ "context"],

truncation="only_second",
max_length=416,
return_overflowing_tokens=True,

U7 3.11 msutsdieya (Truncation) Tasrmua max_length = 416

2.2) nMyviugouniurestoniu (Overlapping)

ﬂzgmﬁmumsuaamiﬁmﬁamm (Truncation) Aarnaud
ogluviunenagnutseenlufeviliuuuiassiedldnarsgrsnnlumamdmeuiigndes
nusun (56) WieuAlatawiil %aymmlﬁu%uwﬁgmmqﬁu flunsdaudriunioiing
douniufiula (Overlapping) In8A1INIRUANITIAABS return_overflowing tokens
= True warruaneRidouriudmensfines stide whiuanuefiseanisT

Fourtu vde stride = 128 Fauanslugui 3.12

1 tokenized_datasets = tokenizer(

2 datasets[ "question”],
datasets["context"],
truncation="only_second",
max_length=416,
return_overflowing_tokens=True ,
stride=128,

3
4
5
6
7

)

[

JUN 3.12 msviudouiiuvesteniiu (Overlapping) lnariviua stride = 128

2.3) nM3indeanulie1vindu (Padding)
Afnnukazusuniinantuazianueilivinduae

agliarursaurluimsuuy Pre-trained Model %139n15%1 Fine-tuning 1@ L1i9331n
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wuudaesfaan1sBunalusUuuy Uniform Shape dstuiafaaiinis Padding Aonsifis
Special Token <pad> iﬂiu@jﬁfﬂawuLLaw%wﬁﬁmmmuﬁaaﬂ’h max_length 19812
WU max_length %158 416 Token Taglgw198imes padding= “max_length” AaMaM3
Tusui 3.13

1 tokenized = tokenizer(

datasets[ "question"],
datasets[“context"],
truncation="only_second"”,
max_length=416,
return_overflowing_tokens=True,
stride=128,
padding="max_length",
return_offsets_mapping=True

2
4
5
6
7

e
00

gﬂﬁ 3.13 msitenulie1viniu (Padding) Inafiinum padding = “max_length”

3) AIPIRINAUIVBITIIAMBY (Answer Span)

AfALLaEUSUN (Question And Context Paired) ilagndeuting
AutoTokenizer W&3 $11UVDS Token TanuATidAINE1ILINNT1 max_length AGRDRH
waruiunargnuvseanidunay Feature Lilosw131nn13 Truncation Lioliiuray
Feature finnmenlaiiiudl max_length Aifwun andesutetediu annsaaguldin 1
AfnuuaruIUnanssdadnunrldinnnimisindnunrdmiunsdil Weandnisii
Truncation VuU3Unuarliin1snisdeumaen (Overlapping) a¢lé9136may (Answer
Span) avagiirndnagladdnuugviaviity fuafudsidufesszyadinouiiegia
dnwaigla uazegiliumisegil Token lnu

nsfaded 3.1.2.2 ilethdmaiuuazusunlusitu AutoTokenizer
Class Lm(ﬁ‘vgmmﬁ arUsenaulumedeya ‘input ids’, ‘attention_mask’, ‘offset mapping’ Wae

‘overflow_to_sample_mapping’ Fuo1mnamantiaggnianidlunisniiuniavesiisiiney



a7

o v

lngle1dnngavineigdnrinden13nnseuIunisil fie ‘input_ids’, ‘attention_mask’,
‘start_position” llag ‘end_position’

[ [ ¥ o

Suduusngdaragyinisnsaaeuindoiudy o lEdnnsiinua
fmeulivielsl Tnsuteenilunseidsdl

1) dmFuenudldlidnsmmuadiney §inazinunl
‘start_position’ tiaz ‘end position’ AANVNAUAILIUITOS Token <s> #SOIAYINAU O

2) dmfusauidnsimusdiney ginviagyinsmeiumises
Character MidugaEuduvesuiun wiAuliluduys start char wagm Character gavie
va9u3unuAvluAuys end_char 9ngadeyad1nsuiln (Training Set) Aau1asmnn
A141U99D9 Token ﬁLﬁuamL?Méf%@%%%yqLﬁuiuéfumi token_start_index Lagunn
AL 149999 Token gnvingaaausuniiuludiuys token end index fae il et
_get_context_span flauansluguil 3.14 mmful,mﬁwmﬁuaqﬁﬂﬁ“u%gmﬁﬂﬂiﬁumww

‘start_position” Wag ‘end_position’ meflaitl _get answer span fiakandlugui 3.15

_get_context_span(input_ids,
sequence_ids,
answers,
start_col,
text_col="text’,
pad_on_right=Tru

start_char = answers[start_col] [0]
end_char = start_char + len(answers[text_col][@]) + 1

token_start_index = 0
while sequence_ids[token_start_index] != (1 if pad_on_right else
token_start_index += 1

token_end_index = len(input_ids) - 1
while sequence_ids[token_end_index] != (1 if pad_on_right else 0):
token_end_index -= 1

return token_start_index, token_end_index, start_char, end_char

E‘Uﬁ 3.14 n1991 start_char, end char, token_start_index Wag token_end index
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_get_answer_span(tokenized_examples,
offsets,
start_char,
end_char,
token_start_index,
token_end_index, ):

e token_start_index < len(offsets) and offsets[token_start_index] [@] <= start_char:
token_start_index += 1
start_position = token_start_index - 1
e offsets[token_end_index] [1] >= end_char:
token_end_index -= 1
end_position = token_end_index + 1

return start_position, end_position

3‘1.]‘171‘ 3.15 N13%1 ‘start_position” Wag ‘end_position’

3.1.2.3 Hyperparameter Optimization

dnTuNTEUINN Hyperparameter Optimization D) Hyperparameter
Tuning i 92 UuMImYR (Set) Va4 Hyperparameters Fumnzaudnsusuusiaes fiezdanalii
wuUsaeaiiszavEaIm fmnuusiug (Accuracy) figstiu videsioanisanen Loss Totiids
‘171%161 I@Sﬂ%’@ﬁﬂﬁlﬁaﬂw Optuna [57] Fadu Automated Hyperparameter Tuning

d1%5U Object Parameter 614 9 7il4lun1s Optimization 28
Optuna gamilevinnisfvunlvdandasui 3.16 Tae LR MIN uag LR CEIL Aa Minimum
Learning Rate kag Maximum (Ceiling) Learning Rate #1ud1au WD MIN wag WD CEIL
A® Minimum Weight Decay Wag Maximum Weight Decay #1ua16u MIN_EPOCHS lag
MAX_EPOCHS A Minimum Epoch tag Maximum Epoch s u PER DEVICE EVAL BATCH Ao
YUIADY Batch Size #io GPU/CPU core @5UMs Evaluation PER_DEVICE TRAIN_BATCH 7o
YUINVDY Batch Size sip GPU/CPU core @113uUn196915u NUM_TRIALS A931UIUTDINT
nAaB3 (Trial) SAVE_DIR fadaves Folder fidiaani1stuiin NAME OF MODEL Ae%avas
wuudrassilazldlunis Optimization wazgaving MAX LENGTH AeA113812g9gnves

aulselen
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LR_MIN = 4e-5
LR_CEIL = 0.01
WD_MIN = 4e-5
WD_CEIL = 0.01
MIN_EPOCHS = 2
MAX_EPOCHS = 5

PER_DEVICE_EVAL_BATCH = 8
PER_DEVICE_TRAIN_BATCH = 16

NUM_TRIALS = 10

SAVE_DIR = 'opt-test'’

NAME_OF_MODEL = 'finetune_telecom_thaiqga'
MAX_LENGTH = 416

gﬂﬁ 3.16 Object Parameter #114 9 Fldluns Optimization A28 Optuna

3.1.2.4 n9£UIUNNT Fine-tunning
N3¥UIUNIT Fine-tuning #39N15NIU Pre-trained Model 9#il

TupuAmandlugun 3.17



50

Start \,
l4//

Loading Pre-train model

l

Setting Training
hyperparameters [

\_,,,,__I__ i J
=
|

Create a_Trainer object

Fine-tune Pre-train model

-

JUT 3.17 vdenlaesunsuveinszuiunis Finetuning

1) Amiilvian Pre-trained Model flgtiunnsy

TuU"%iywﬂﬁwuﬁ‘ﬁ%LﬁaﬂW airesearch/wangchanberta-base-att-
spm-uncased dosnduluusassuuniwiie (Monolingual Language Model) uu
yndoyanwilngruinnd 78.5 GB (58] ddluajfianvastssmalnelutiagiuil Tngaunsa
A11lnan Pre-trained Model ﬁ 16910 AutoModelForQuestionAnswering Class wag

\Senlaiu from pretrained() Method é‘ﬁLLamﬁlugﬂﬁl 3.18
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1 from transformers import AutoModelForQuestionAnswering
2

3 model_checkpoint = "airesearch/wangchanberta-base-att-spm-uncased"
4 model = AutoModelForQuestionAnswering.from_pretrained(model_checkpoint)

gﬂﬂ 3.18 n1sANuluan Pre-trained Model A28 AutoModelForQuestionAnswering

Class

2) lawesmisiimesdmsunismsu (Training Hyperparameter)

Lﬁaié’wmﬁma%ﬁaﬁqmmmiw"mizmumi Hyperparameter
Optimization 91n#deil 3.1.2.3 ud msimesdananazgnimldlunismsuuu Pre-
trained Model Lilal#léuuudiansgnvinegsn (Final Model) Tag Hyperparameter #14 4

%Qﬂﬁ’mum’m TrainingArguments Class LLamﬁﬂgﬂﬁ 3.17

| from transformer import TrainingArguments

3 args = TrainingArguments(
(eiecom. thaiqa",

evaluation_strategy = "epoch”,
learning_rate=8e-5,

per_device_train_batch_size=16,
per_device_eval_batch_size=8,
num_train_epochs=3,
weight_decay=0.00013,
save_steps=2000,

3‘1.]‘1'7; 3.19 N15AMUA Hyperparameter W11 TrainingArguments

3) A13@319 Trainer Object WALNTULUUI1A8908 Trainer
Tudsqeurtinusiagld Trainer luniswsuuuusasslag Trainer \u

Class nilslu Transformers Library gnuU3uLeau191n PyTorch wielvdtesion1sinsy

wuudnaes nglddeudeugunisiinaeu (Training Loop) a4 [59] urnauiazluimnsy
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Pre-train Model 3gfgd1yadoyad miuiln (Training Set), yadoyad1miudseiiiu
(Validation Set), TrainingArguments Lai¢ Pre-train Model fdenlfunadrndu trainer
Object nau

uananifeai umsfimes tokenizer Wotufin Tokenizer Al4ly
%umaumm%au%’amﬂa (Pre-processing) fifateft 3.1.4 Bluwuusiassiise wielkiede
nsenldeluadaelu [60] wasiin data_collator Tnemsidenld Class DefaultDataCollator
Wierasuguuuuvesyadeyalrelusuuuuianansamsulddauandluzuil 3.20 udr3ey

W1lUinsu Pre-train Model Midanlimensldamds train) daandlugun 3.21

[] 1 from transformers import Trainer, DefaultDataCollator

J)

data_collator = DefaultDataCollator

trainer = Trainer(
model=model,
args=args,
train_dataset=tokenized_datasets[ "train"
eval_dataset=tokenized_datasets["
data_collator=data_collator,
tokenizer=tokenizer,

4
5
6
7

'gﬂ‘ﬁ 3.20 N15d379 Trainer Object

1 trainer.train()

'gﬂﬂ?i 3.21 M3WU Pre-train Model fed1ds train(

3.1.2.5 nsgUseiiudseansnmuuudnass (Evaluation)

dusunisussiliuyssansnmiuudnasd (Evaluation) woUseiiiu
UszAnSninnisaianisel (Prediction) AMmauvesiuuinass yadeyadimiunaasy
(Test Set) avgnuunly wazgdnvilaidenldilsidu question answering metrics 310

thai2transformers [25] lun1sussiiiudseansamuuvuinaedduaisil daandluun 3.22
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from thai2transformers.metrics import question_answering_metrics
metrics, formatted_predictions, references = question_answering_metrics(datasets(['test'], trainer)

JUN 3.22 MsUssiiudsgansnmuuuinaasigilandu question_answering_metrics

1N thai2transformers

3.1.3 N156319uazednUU Knowledge Base
dudunszurunisi HAnYM98v1n158319 Knowledge Base Ju dady
gwu%auﬂa%%a Database JUuuU RDBMS (Relational Database Management System)
Tnouvseantdu 2 mans wilsmsrsdmsuiivdeyauiun uardnmismsedmiuiAudnm
Mngfléfszuuldarunsanould grudeyadana1nazgn Host 1iuu Google Cloud Sever
NuU3nTs Cloud SQL Tnefituneuuasnsvuaums feil
3.1.3.1 N1585719 Database Instance
#1115U Database Instance %38 VM Instance 1Jun1sad1aa3es
359904 (Virtual Machine) Tasanuasamvunldsaudeninuiivennios laudis 05
Foen1s wWisuiadeunisadaedendsunesiduvesiies Ing Goosle &l Database Engine
Tdonlaun MySQL, PostgreSQL wag SQL Server %Qéﬁ@ﬁﬂﬁlﬁ@ﬂi‘g MySQL uay
Database Version 7idanl4#e MySQL 8.0 @3U Machine Type tuuuu Shared Core 1
vCPU, 1.7 GB, Storage Capacity 10 GB LAZNIFAIMUANTT House (Connections) 31Ty
nsidenser Public IP Fafesrivuaiiog IP aneuen (External IP) fidfsdumeiinls

asldinsaviedlasuaynyn (Authorized Networks) 58 Cloud SQL Proxy tiiaitausie

=Y

AUNSAI8819 (Instance) AISUN 3.23 wanIN1599A1 Database Instance TAgSIN bhazsil

Y

yinsasensaliieginaiauds 9ela Public IP Address vae Database 11 wanensgy

a

3.24 &9 Public IP Address é’ﬂﬂéﬂ%@ﬂﬁﬂﬂ%tﬁﬂﬁ Database Visualization Tool

AuNsainufa/Anfany Database o



Region

DB Version
vCPUs
Memory
Storage

Network throughput

(MB/s) @

Disk throughput (MB/s)
o

I0PS @
Connections
Backup

Availability

Point-in-time recovery
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asia-southeast1 (Singapore)
MySQL 8.0.26

1vCPU

1.7 GB

10 GB

125 0f 125

Read: 4.8 of 125.0
Write: 4.8 of 37.9
Read: 300 of 15,000
Write: 300 of 4,500
Private IP

Public IP
Automated

Single zone

Enabled

JUN 3.23 N1379A1 Database Instance lng53u

[J Instanceld @ 4 Type
0 @ telecomga MySQL 8.0

Public IP address

35.186.147.213

Private IP address Instance connection name

10.84.224.3 telecom-ga-appasia-. V

g‘d‘ﬁ 3.24 Public IP Address 484 Database 71§

3.1.3.2 M3a¥egudeya (Database)

LY

dmiunisaing Ande wardanisgiudeya awnsaasisazdnng

WU Google Cloud Console 13ar11N1514 Database Visualization Tool Als tnednyin

14 Database Visualization Tool #alufiife MySQL Workbench Wowdwarudle

Futoya

1) M3assuazeenwuumsRdmsuiudeyauiun

msdmsuiiudeyauiungnadisluiiaiiudeyauiunviends

v & Y v a 1 al' < & . = [T a
AuIianualy deyauuneng g Ngaiuliluansneil azgn Retriever AslUld iivevnusum

]
YR

nduusiuAaunnfian lnedeya (Field/Column) gnifiulilumnsne loua ID vesusay
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U3uM (id), UFumsng 9 (context) waziu/nanfivihnsiiudeya (created_at) dagfdnvinle
fvuadeuly (Constraint) lunseyanaliAuiewizdoyaivnzanaduguteyaiiiels
nsidendeyasngrudeyailulusgragndiesly Uil 3.25 Tne id gnAvualiidu PK
%39 Primary Key, Not NULL lLag Auto Increment, context Qﬂﬁ’mumﬁlau%ﬂ/ﬂﬁﬂﬁﬂu
Not NULL uazga¥ine created at gnrivuaioulaliidu Not NULL uazgniann
Default/Expression 11 CURRENT TIMESTAMP @uiiuilsrduiiazdsiutunazinartlagiu

Ty Format 989 ¢ YYYY-MM-DD hh:mm:ss.mmm’

" Name: context_info Schema: telecom_ga_db

Column Datatype PK NN UQ B.. UN ZF Al G Default/Expression

. id INT <l v

$ conodt LONGTEXT

o Created_at DATETIME 5 CURRENT_TIMESTAMP

U7 3.25 nsrmun Constraint Tifiuusiaz Column lumsisdmsuiiudeyausum

2) nsassuazeenuuUmIEmUAMaszuliannsanouls

msdnsuiivdoyadmiudmamiiszuuldannsoneuld gnaiie
Juitaifudeyamoumingldnuiitessuuliaunsonould Wethdamumanilunsaaou
IdanurdeiFeddaifldfesnime uazeazgninluyiuussszansamuessyuuiiiel
aunsameufinldAty Tnsdeya (Field/Column) fignifulilumiste léur 1D veausdas
Al (id) , #a1 (question) waz¥u/narfiviinnsifindeya (inserted at) Fagfdnvinlel
ﬁ”wmmLﬁiauimﬁﬁ’ummiugﬂﬁ 3.26 lawid Qﬂﬁmumﬁaﬂmﬂu PK %38 Primary Key, Not
NULL wag Auto Increment, question gammunadeululsfidu Not NULL uazgaving
inserted_at gnriwuadeulutadulifidu Not NULL waggniarn Default/Expression (u
CURRENT_TIMESTAMP
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‘f Name: unanswerable_ Schema: telecom_ga_db
8

Column Datatype PK NN UQ B.. UN ZF Al G Default/Expression
g INT -
¢xdueston LONGTEXT

. inserted_at DATETIME CURRENT_TIMESTAMP

JUN 3.26 nsmmvuaeulvdsdulviiuusias Column lumnswdwmiuanuiszuuly

aunsanauls

3.1.4 N58519UAZPDNLUUTZUUYBY Recommendation System API

Tun1388nUUY Recommendation System Hnguuszasdifioatradu AP
i aliusnstidugimuduieunaindu viensnudideanisldszuuanu-neuse
UBYAVBINULDY Lwﬂuﬂ%gy,mﬂﬁwuﬁ‘ﬁ%ﬁﬁzwuﬂﬂi’ﬂ,uﬂﬁmm—maﬂuﬁawawé’ﬂqm
Amnsnilnsauney avvimnssinsesnauiaglaseie faazlidunisitenusing 9 &

wanslugui 3.27

Base Table
Unanswerable question is added
Contexts’ Table to knowledge base
(Unanswerable questions' table)
Model can't answer
Contexts
Preprocessing
v

090
Question
— & W —_— — = 0
v Question Greeting Check Preprocessh Retriever Reader Model

Answer

Model can answer

gﬂﬁ 3.27 UaanlaozlnIuLandni15¥i1a1ues Recommendation System API

3.1.4.1 S2UURTIVABUNITVINNG (Greeting Check)
JEUUATIIERUNMSINIe Tingussasdiveldlunisnsiaasudoniny

a;' v Y v o i I3 ° A W I Y]
V]ﬁmsﬁ{jBULsU']q53UU’J']SU@ﬂ'J’]3J@ﬂﬂﬁqQLUu‘UizifJﬂﬂqﬂqll NI9NNNY ANUUNITNNNE
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v A

JEUUALYININTIAU (Detect) Avinluiianuseleaiglilouningssuy 'aianasu, ‘aan

I v a o v

Ay, '@En’, 'nInAASY, 'minaa, 'wind', Hi', 'hi, 'hello), 'Hello!, 'dalva’ '@ ldmnan’, ‘fey

WAz ‘A9 IneaTEUUATIANUANINGTT TeUUagyiINIslanauiugldaiedeniny ‘@iad

BuAlIUINS Ineuanansviiaunegun 3.28

Input

Yes

Response ‘@ad #ud Wusns’

Question Preprocessing

JU 3.28 MIYI9IUYBITLUUATIREBUNNSYINTNY

3.1.4.2 SpUUWsEUYaYaA1a13 (Question Pre-processing)

iesnaenfinmefUszinanawazitilaldandoyaiidusuay Ll
ansailadisnwsvsonwiuyedle nisuvasmwliluduaviadunalousnlunis
Uszinanane witennudildthuniiu visfionsszthunandunesiin dzidenuiily
$10u Wy wiin HTML, wiemunenssaneu saulufiessnus vsemildfiannunune el
Aewarihaungldnuluvinszuiunisdely Jeiesiinssuiuns Preprocessing nou
uansnsihaumgluszuuwSendoyaraiy uanadssud 3.29 Tae Tokenization 130013
Fas \unisuusdernueenduddes o Faginsulasnnusasdiliduiaen kunns
19 HeA Y input_ids LLazLﬁmmnLmﬁwmﬁlé’mﬂhﬁsﬁ'j’uﬁ 1n191UD9919 wag Special
Token M8 Fsgududvsyinnsidntesinaway Special Token o8n WA UUaIRINFUAY
Tnduanegluguvesd wazidlevinnisudsdenuosniduddes 9 1WuilGeuiesud o

WENTEUIUNITENYI18UBITEUUIATENTOYAAINN AanTzuiun1Tidaa1iuiley
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(Remove Stop Word) Faifunisaudiilideannumineg viedsdennumneiduesnain
Uselen lagazvinisaudmeanieflandu thai_stopwords 3nuega pythainlp.corpus
wagdnuileinguszasdvosnsmdaduiios esandamanglifiriunanion i
Preprocess \ufiusosnd azgninlulilu Retriever sanudoyauundiinunmsinien
foyaud iovusuniiieitesdiudamuindian snunnslésaneiiu Okapi BM25 %4
SanosfusinanazaTnaeumuimiitifuresdniuuazuiun fuudsuludesaud
wsiilovoen e lulvsidnlidudugninlumanuid ilesinenavilvisanesiiu Okapi
BM25 musuniiiientedliiee Tnedmsunszuiunisas 9 anelu Retriever 9za3une

WiaRuluigen 3.1.4.3

Tokenization 7 Om O\ Remove Stopword

JUN 3.29 myvihunglussuuwseudayainny

3.14.3 izUULG}%‘ﬂM%;ﬂﬁU‘%U% (Contexts Preprocessing)

ToyauIUNIZLYNAININIINAIT1IEmS U uTeyausun lu
Knowledge Base Wazazgminiiunszuiumsmiendoyasessuumisudoyauiun e
dfussuusiendoyauiuntu nszuaumsnieluagiifisaudnisyi Tokenization wihiiy
flos91n14lun1s Initialize Sane37iu Okapi BM25 iigasiniiu feinsainszuunisadoya
ANa

3.1.4.4 szuUAUAUTBYA (Retriever)

szuvdvduAuteya vi3e Retriever WuszuulvivthidumuIund
Retes anfatuvesilinu Inealddanesiin Okapi BM25 Fsaziisnsrenssouliioy
mm?isumﬂ"wmﬂﬂ"wmmﬁ’uu’%wﬁu’mmﬁgﬂLﬁ’uiflﬁu Knowledge Base w&7dfiuu3und
\Aerteatumanunniiganduan

Tneszuvazyiinissdoyaviunsianuniigniiulilu Knowledge
Base Lazu1v1n13 Tokenization Ao LA39YININ158519NTUAI081991A rank_bm25 Class

nau IMNUUALUIAINIUYDEITUTRNIUNTFUIUATT Preprocessing Wa3 U191INITAUN
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Uunfierdosnniign uadshunduanuienlassunsuaninisviaunielussuududu

Toya uanRagun 3.30

Knowledge
Base

Contexts' Table @

Preprocessed
Contexts

|

Preprocessed
Question

N w3 Retriever R

Return document/context
most relevant to the question

SUN 3.30 msvihnunelussuuaupudeua (Retriever)

3.1.4.5 1519971 Reader Model Tu Recommendation System AP

44' Y a A ] o o v P Y N v
LN@I@U?‘U‘WWLﬂEJ'JsU@\‘Iﬂ‘Uﬂ'}ﬂ']ﬂJQ']ﬂmmmqﬂwq@ﬂqﬂngUﬂUﬂumaﬂﬂa

11487 9¢11 Reader Model MlAa5199ulusiIg89 3.1.2 Y19N15USEUIANARAIDIULAY

UIUnAana1Lien1aial (Predict) 419709A1MaU Aalanslugun 3.31

Document/context

most relevant to the question

_— Reader Model _— Answer

The reader model returns
the highest-rated text span
that answers the question

U7 331 M3¥91uves Reader Model
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3.1.5 n15 Deploy Recommendation System Uu Google Cloud

sleadreszuutunnldnuiigesnis mﬂﬁ?uﬁ]zﬁﬂlﬂgi%’umaummmﬁﬂﬂ%’mu
93¢ iafiSunin Deployment dmSunszuaumsiiavinms Deploy $UUUU Production
Tagazirszuuly Deploy uu Cloud Server %apﬁﬁmﬁﬂé’tﬁanﬁuémsﬁr}ﬂ Google Cloud
Lﬁaiﬁ;ﬂ%’mmsaSaﬂ‘lﬁé’fqmmuiwﬂmaa HTTP Tnefimunglvigldaunsasenldau
STUUNIU APl 191

Tnegdavilfidentd Fastarl lunisa¥ie APl ilosanniianusiaisalunns
P9 Uszansnmiieuwiiiu Node js wae Go $iesanisle waz Uvicorn asvimindiidu
1@59051uN155U Python Application Luu38n1s Asynchronous Iaed /predict 1u API
Endpoint (Route) %ﬂﬁﬁﬂﬁﬂéfﬁ’muﬂﬁ (https://hostname/predict) waziin1ssudayaidu
JSON Format @1 HTTP POST Method wavddnanis Predict 1Ju JSON Format
LTULAYINY

Mé’qmﬂﬁ?uﬁ]3Lfluﬂszmuﬂ’ﬁsummsﬁ’]ﬁzwsﬁu Cloud Server 33 Docker %
Qﬂﬂjmﬂﬂuﬂﬁm"mﬁwﬁf\i’ﬂamamwmé’auLawwiﬁﬁ’wawmm%w%ﬁaizw Wil
genAsansavialfusogluanimuindendu Inegdnsilduinig Cloud Build lunns
#3519 Docker Image W11 Dockerfile Wag Image AggQn Push LU Google Container
Registry (GCR) Fudunsameideuwuuaiusidmiuiu Image gy Docker Image iite
unlvasrensdlaiednslaneaiunsaly Cloud Build Tunns Deploy Container Image 910
Container Registry U7 Cloud Run léiae W1un1sld Container Image URL la# Cloud
Run 911 Container Image fdalldausinums HTTP TUSuld [61] Feldanunsaiiiis
seldnuueundindunuussulatiiu HTTP a1n APl lalaeviufl lnaudenlnovunsuians

N35¥UIUN"T Deploy Uagn1synaulag s s Lansiagui 3.32



61

o . e . @ o . @

App File Cloud Build Container Registry

Pull Image

|
o

Cloud Run

Request —— " Knowledge
Base
HTTP Container Image
\

U 3.32 N2UUN1S Deploy Hagn13vinailagsiy

%

3.1.6 NM3aanwuunsAniedaulva (Motion Graphic)

nsnadeulmdusUiuununfinfiadsainamane 2 78 lnedszuunns
vheiluguuuy Animation fiadsnmiadeulynliusinguuasnim dsenaazusznoudie
mslddosmazdonausng 9 $3En1seenuuu i

1) 99NLUUAIAATINNLONGNYAIYDIAULIAINTTUANAAT A1V1IYIAINTTY
Insauneunaglasing duifeimdearsviefiFentuinaiinsauen wdugaiduves

MALAT UARIRIFUN 3.33
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d‘ = a s a  a
EU‘W 3.33 La’ﬂmiﬂﬂu’]ﬂﬂ W ANAUSIAINTIUATARNT El’]ﬂJTJ‘UTJﬂ’JﬂﬁﬂJIVIimemJLLaS

1As9978

2) panKkUUAIazATIneN1sANTEendE JUTE LazdnuazlanIzvefIazaAs

v

WolwiazasdulldnwazNanidaladie lagldlusunsu Clip-Studio Paint @1%5ua1aA2

azAs lngiarasiliived “Yeunanouds” fMazAsvesUTyainusl uansiegun 3.34

JUN 3.34 fazas “dounianauda”

dl' 3 Y = o w 2 Yoo v 19
3) LUODDNLUULEITLLAIIUIRIALATUILLENYUAIU VL@LLﬂ LYW 2 U719 U1 2 VN

a197 a1 wagurn Wisdluig1nszuIuns Animation laglgdlusunsu Clip-Studio Paint
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dwsunisesnuuusazadsnmedeulmldenndosiuunuimuesiiazas iniwess
azastuUTyainus 3 sUuuu loun
3.1) NM3innY
lngdagasivianislunlerinnienieuiuidemauaztonitudd

“atafny Nevlsavaudpunianeuiulons” uanafaguil 3.35

JUN 3.35 vimevinmevesdiiagas

3.2) NM15ADUAINY
% = 1 U dl = > > o o G o d‘
fMavasilvimsudulnfimileunuiagasmamanienaumaiui

AlE00MN Uansdsgun 3.36 uay 3.37

JUN 3.36 vimaduilalinvesiiazas



JUN 3.37 vimardutliadinvesiiazas

3.3) vauzliifin1smauAnnu
Y a op LI < v a P v ¥
fagasivimviuivuaiiniesuasnsensuaieseligldnu

DIUAAN UARIAITUR 3.38 Lag 3.39

LATATOTO
- -

o a L

- -
Pt e

JUN 3.38 vimmsvesiazasidanvuiUan
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JUN 3.39 vimavesiasAsifianyazUam

4) dinia5adudunoun1svin Animation Waa ntuvnsisuaeseonudy
amalifinunas (png) Inglalusunsu Adobe Premiere Pro @ vsuauiiumnaiveidiazas

uanafaguil 3.0 uay 3.41

JUT 3.40 MazAINaUaUNUMAS
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e
s

Y

SUN 3.41 FagATUAIAUNUNAY

5) dnnnanuau s eesanululuswnsy Adobe Premiere Pro wilaLsuwnas

sonundunwadoulm (gif)

3.1.7 nseanuwuuvtitiulafdmsuldaru Recommendation System
gusuniseanuuuntiulemiialdanusyuu Recommendation System API
TudlSegrinustardrassinfinslaauuuiuled httpy//www.telecom.kmitlac.th/ g

sonuuulmdumniieg Chat-Popup wagdvunadugudinisaunieuuanttaninu “Ask

Y

Me Question!” neAua19vile faansluun 3.42 uazillele1diad

o

W99 (Cursor) 14

FnUuazdnuvasddunndu duandusun 3.43 nduiilevinisnaduasintifie Chat-

q

Popup B ﬁummﬂugﬂﬁ 3.44
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U 3.43 i AuleAloins
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%

o

Wns (Cursor) lUaiidy
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€ 0 C O st s e % »0@ !

NOWOOR0 v ACOUIMICS v FOCURY & RDSODICH v THIoCOM Lot v CoWndng Spoce v

WELC

pariT

OME

a Y & & 1
sU#t 3.44 winauledndaainnaly
3.1.7.1 nseanuuudlusausratuiugldeu (User Interface: Ul

Wienalu “Ask Me Question!” aiintinig Chat Popup Tusnliily

NuuaziiduUsEnauAg 9 dauandlugun 3.45

58ldou 0

dandnaasnming fa
wangasimnsauamans
Uadia @ siiainsm
Insmnnauuariasotiiene

gﬂ‘ﬁ 3.45 @1uUsEnauaNe 9 8IntNANe Chat-Popup
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(%
a

N3UN 3.45 wrazdazinislden dedl

1) UsUaniieing (Exit Button)

| 4 =3

Tddmsuponannninm1e Chat-Popup navdutivledunad lag

Y

v & = vl 2
sonwuuliluguninumdnaenadliyuvinuuanveamiieing
2) Unida/Uaiveg5n1sldanu (User Manual Button)

TddmsuilanazUnagiionisldnussuu lageanuuulidunawans

Y

v 1

oAU “TBldau” wasliiunasdultu Wievinn1snalumiimig Chat-Popup EuanIRs
JUN 3.46 lngdruuanssate1ing (Display Output) azuanstaniuiesugisnisidau
anuauAgldau waziivewusinlunsdingldnuldamnsaldnuluduiindeds lngasd

wauLaau (Scroll Bar) Trildanusie

38ldou 9 38120 6

Al
38nsldonu: aatansan o FuNsaMmMNMULEle

Argmanmsiunviananle Taun1snailu Record o
dofl fuatvanilauaznadnai
o FuNsaNNWAINAIAINLRY dlasavnisuaa

nailu Send wiaavna Enter =
e danunin: wvinhiansald

o FunsaAmumaLEngle | ) TulasTulatiasianmsauané
Taunisnailu Record nv i nsiedivluiasiruzas Web

sduawaniauaznadnais Browser
¥

JUN 3.46 mileing Chat-popup uandisnisldeumanady “3gldenu”

3) dunandalesng (Display Output)

Tdmiunannadonnuiendnannogne fadeanudmivinme
fdau Formidsnslinu uasdeanudneu laseonuuulvidundesdonnuiifiiundsd
117 fyuvouldauuiadiuuunisdie FAusuniean wazdud1emis damdiuans

4 & = d‘ A A ! [d 14 d’ Y s a zﬁ'
WWQ‘U’WPJQELUUSUEJU?{LM@EJQJL'W’e]?i’e]ﬂ’)’m‘mLUU‘UE]FTJ']@WIEJ’W"iﬂﬂ@]’)ﬂ?iﬂﬂﬂﬁ?ﬂﬂLﬂa’e]ulﬁﬁ
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4) dhunananadunn (Display Input)

T¥dmiuuansnatonrudunaifuinandesdmiunsendening
(Input Form) panuuuliiifiundsduduieifudiunanuaiondng dyuveuldm
LUy FuULNNYIT Lagduameing daususmisnasuveudivasy
Wedeanuindudeanuiiinaindgldauies

5) Yudwiuduiinidesya (Audio Record Button)

T¥dmiunsamdnmsmedeame nienaileidaldau Speech-to-
text API Tngeenuuulvugtrsnauiduniuazyn iiederudsnsnatuiindes

6) Yudwmiudedunn (Input Submit)

T¥dmiunsnadsanuniedonnuveslinuludiladivines
(Server-Side) Tngpanuuulidunadidnwaziluiduansdondudn “Send” ddmiladed
INuaziuvEE

7) YosdmIunsandan11u (Input Form)

Mddmsufiunaaiuniedeninu sonwuuliddnvaziduids
udeduludmiuddunanasiiiundedun

8) éj’mﬁauﬂiﬁ\lﬂmﬁlaﬂm (Motion Graphic Character)
wansfinsguniiniadeulmiidedn “deananeuds” 14y

AunuveTsUULiedeasas iR ltuandila

3.1.7.2 nseenkuudluresdszaunisalnisldarugly (User
Experience: UX)

Tuduvasuszaunisainisidauvesly azlinnseanuuulviiauadiends

s

flu Chat Messenger Litalvigldauianauing uazdaldnisgunsinadoulninanina

Y
[

wioudsayn Tianuddnduiues Insazuusnsesnuuu fail

1) soniuunsinmeyldanu (Greeting)

Lfiaﬂ@lﬂﬁlﬂm “Ask Me Question!”2gi111619 Chat-Popup Fuan
waraziiuszloadouiufio “atafine fovlsazaudeanmaneutalony” nioudsmanay
nstunfievinmenndmigunsiinedeulmdeuaneuds demniguiousuau s

mnsguaznduinegluanuzunireazliinislundeudaznsensumegises q Awuansly
U 3.47

€N
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afadnr flarlszannias afadnr farlseanniay
wianauinivay mianauinioae

o

U7 - wtheing Chat-Popup ndsnatil “Ask Me Question!” (418) wihsina Chat-

Popup M8IN1SAUNAYINTNIEIU (¥37)

2) DRALUUNITANULALADUAIDY
2.1) NMSAIUAIDIUNIUNNTVRIENS UNTONVDAIL
devhnsanuanslasmsiusidiluludesnsendau &
wandluguil 3.48 udanatu Send udeasna Enter vuRduesails dnmufaiuaziany
%’um’luei'suuammaﬁuwm u,azszwfuzdaﬁwmauﬁ’uﬂé’umLLaquehuLLammaLmﬁwm way

mn1saulzrdulnaunieudesn dauanslugui 3.49

58190 Q

afadiay flarlsavanniag
wiananinisaz

davdnaasniulng

JUN 3.48 e Chat-Popup Tuvaseiiinsaudnidlugesnsendiniy
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3810 Q

dandngasnilng da
nwangasicmnssuaans
Uadia Muririiainss
Tnsanuanuarinsetnuay

dandngnsmeine
GEEES - O

JUT 3.49 vtlsing Chat-Popup TunaieiinsuansmaiuuazAneou

2.2) MIAUAUAILLFLIYA

wanNaIuAInIulagn siuilugesnsonAn1uuwdd
fldnudiaunsaaiuiaumeidedagnisnaduduiindemimiuasenie duandlugy
7l 3.50 Tusgwinamstufindes Wedldnuwe Ussloafiwnduazgninnuandludiuvos
nsuansradunaLazduuiinaznanedusudvasunsenivaduivdung fauandusud
351 daynoudanataazdesnatuduiindsdnass ilelissuudssinouvasdaniiy
nduinuandludiuiannaoing wagfnfguazasulinmamieudeaa fuandlugud

352



581dou 8

adadiay flag1sazanniay
wianauivioay

ajadiny flarisazonnias
wiaAanivivay

JUN 3.51 niheing Chat-Popup Tuvauzduiinides

73
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3819 Q

gaany LiaunsaeauaIau
day

om—
2 a

CJ

L & NaFaUNITAUAINUAIELF Y
C =3
SNz - O

JUT 3.52 s Chat-Popup TuuaieiiinisuansmaiuuazAmnay

2.3) ﬂ’izﬁ‘ﬁ Recommendation System API Tdgrunsald
nula

MINKLEIUNINITONUAIDNMUATNINTEUUVBIN IR
Recommendation System APl in15U5use visalianunsadnldaulaiiesainnsdla 9

fAnu szuvaziansdoniny “asadeluainuliazain Weswineglunisusuusssuy

1 ¢

F1AT1AE” NEUUAAINALANA Aauandlugun 3.53
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3819 6

aaadsluanuliszain
iilaganadlunsfuilse
SYUUIATIIAY

dandngasdaayls
GEENED - O

JUN 3.53 w1 Chat-Popup A5617 Recommendation System AP lulanansaldenle

3.1.7.3 A1seanuuulivlendiniuauinniinaeds q (Responsive
Web Design)

Tudsyardnusidasdunissesunisidnudiuiviusiwesuy
iseunarvieuiluvdn TneeseenuuunnsTassuTNAUemTIIeRe 9 fausduIaRNURg
1366px WugulUuavarld uldAfigennn 1920px esonidumneidenniian smusfn
suu’lwﬁ’lﬁlaﬁuiﬁdﬁm%'u’mﬁEjﬂluﬂ‘izmﬂlm 91999970 https://gs.statcounter.com/screen-
resolution-stats/desktop/thailand

wonniifeenuuulaunsaldnuuulnsdnidede wazuiiviasls
3ndne Tnglulnsdnigldouldivtaevuneunig 320px -768px wazluwiivianasld

auldfuun 769px - 1365px
3.1.8 N159NUUULIULTINIIDS

< acs 6 o o/ a [ a v av v o
AMseanLUUIULESHNasdmsSuUsMsivweUnandunlavinisesnuuululy

dei 3.1.7 Imsvihnudauandlugy 3.54
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Listening on Port 5000  'e——

Y No

A

P g
_ Request? >

N\

Yes

{

| Response Web application
to client

JUT 3.54 UdenlnevinsuuaniInIs e Iugsnies

3.1.8.1 Msasslusian Node js dmsuasraiudsuies

Tvinn1910a Command Prompt Fuulaza@s1sa@isuu (Directory)
wselnlaineaslniNiadn node-web-server feA131 mkdir node-web-server Aauanslugy
71 3.55

C:\Users\nengn>mkdir node-web-server]

JUN 3.55 msasnansuulmidmiulusian Nodejs



1

niulidn Visual Studio Code Fuu wagtdnlud File -> Open

Folder udslildanlwaines node-web-server fauandluguin 3.56 a1nuulviviinisasng

'
[

I1& package.json TagfiunAEs npm init -y Tu terminal ﬁ\‘iLLamgU‘ﬁ 3.57

Select Folder

JUN 3.56 n1saselusianalusilulnaines node-web-server

PROBLEMS OUTPU DEBU( NSOLE TERMINAL

PS C:\Users\nengn\node-web-server> npm init -yfj

gﬂﬁ 3.57 @514lna package json

azulng package json gnasrndululiaines node-web-server
Aawandluzun 3.58 ae packagejson \ulnailddmsuesureseaziBenneriulsian
lngagiiusiedovesuininanig q Aldaululusian dadulndalduvendu npm (Node

Package Management) lunisAumuaginsauiininaluniulusiaafiagsin
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i Terminal Help

{} packagejson X

OPEN EDITORS 1 {

X {}
NODE-WEB-SERVER

(} k n "main":

"scripts":
"test":

"keywords" :
"author"

> OUTLINE
> TIMELINE
> MYSQL

gﬂﬁ 3.58 w8 package.json

dnunazynisinfauiininanse Framework As1ude Express uay
Socket.io Ingldends npm install express socket.io LU Terminal fauandlugus 3.59
Wedunalulwa package.json Tu key ¥84 dependencies agdl value ¥84 express uay

socket.io WiinAuNAzlNE package-lock json gnas1aduneie Aauanslugun 3.60

’ROBLEMS OUTPUT DEBUG CONSOLE TERMINAL AZURE

PS C:\Users\nengn\node-web-server> npm install express socket.iolj

g“dﬁ 3.59 N1SAAAILNALAT Express Wag Socket.io
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> Run Terminal Heip

{} packagejson X
OPEN EDITORS {
X {} packagejson "name"

NODE-WEB-SERVER "ve

"main":

"scripts":
"test":

“"keywords": [],
"author":
"license":
"description
"dependencies
"express":
"socket.io":

gﬂﬁ 3.60 Uoyalulwa package.json dlofins Express wag Socket.io

3.1.8.2 @5193U@SWIBS A28 Express Wag Socket.io

wdsaniiliasialusien Nodejs wéh Aollaginisasaiudsnies
d93uldeu Recommendation System Tnefidunausai

1) ¥1n15ad9lid indexjs tinlulnanes node-web-server viiy

Weulusunsusumamangldanuaniten 3.2 duandugui 3.61

) File Edit Selection View Go Run Terminal Help

@ EXPLORE )5 indexjs X

> OPEN EDITORS 1
« NODE-WEB-SERVER

> node_modules

> OUTLINE

> TIMELINE

JUN 3.61 Tld indexjs dmsulusunsuasne Server



80

2) PNUULINNTATT NN http://localhost:5000/ WA lALEns
YA “Listening on hitp://localhost:5000” W1l Terminal feA1ds Console.log () Taanns
SuldsunsusenauiIu “node indexjs” Aauandlugun 3.62 waswananaansakandlugy

71 3.63

const express = require('express');
app = express();
http = require('http');
t server = http.createServer(app);
nst { Server } = require("socket.io");
ynst PORT = 5000;

server.listen(PORT, () => {

console.log(‘Listening on http://localhost:${PORT}"

L o e S S s e

PROBLEMS OUTPUIT DEBUG CONSOLE TERMINAL AVAS

PS C:\node-web-server> node index.js
Listening on http://localhost:5000

SUT 3.63 {Wawesn (Port) sonsi¥iensiofivuas 5000

3)iloldsneslanesndl 5000 ud daunazaina Routing Toildnu
AuleiiinnsSeswese Method GET (GET Request) a8 URL “http://localhost:5000/” @4
wandlusui 3.64
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app.get('/', (req, res) =>

JUN 3.64 mMsmevausandsniesiiled GET Request i URL hitp://localhost:5000/

4) ¥1N1N15571 Socket.io LAY HTTP Server N@3193UA8n158514
§oaULanAaINAaia Server hazyiin1lalnsinaea Web Socket saeni1sisenldiudion

i0.0n() Fauansluguil 3.65

const io = new Server(server);

io.on('connection', (socket) =:

Do something

JUN 3.65 nseusiovasiagldusnIsuasylauing

PNUUMNABINTARNAIINHIUSNS IS lEuINsgaIunsaih
Inlaelada socket.emit() Humgnisal (Event) “new-messages” Wagn1nfoIn133u
Tayaangliuinisinlalagldeds socket.on() Hrwmnnisel (Event) “messages” fi9

uandluguil 3.66

XIty IS Ve S CO
io.on('connection', (socket) => { ]

socket.on('messages', () {
socket.emit('new-message', ()

});

'
[

gﬂ‘ﬁ 3.66 A4 socket.on() wae socket.emit()
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3.1.8.3 n13k3enld Recommendation System APl Ul Node.js

ﬂia‘jﬁﬁﬁ’wmmm;ﬁ%’muﬁﬂmmﬁwgﬂa'wiaiﬂﬁ Recommendation
System API TaglaWaAdu fetch() Inadl URL Ao https://telecom-ca-app-oio6zs2epa-
as.a.run.app/predict wazazdossuusstoyasig o asludadouiand options Asuandluy
5U7 3.67 Tag HTTP Request MldAeiion POST insrzldlumsiindouaitalui APl uay
Tudau Headers aznvun Content-Type @9 application/json Lﬁauaﬂdﬁagaﬁdﬂﬂﬁu
Huwiln JSON anvinefie body udnitussateyaiifesnisdsly FslneUnfudaiuni]

a [ [ [ 1 1 1 < 13 .
Uiﬂ?i,AplQ%@@Q%%ﬂﬂ?ﬁﬂﬁU%@ﬂﬂ?@?ﬂ5]1u@@1ﬂ%ﬂm options

pp/predict’;

const options = {
method: 'POST',

headers: { 'content
body: '{

5U#l 3.67 URL uavdeyavesdouiand options fléluns fetch() API

dleld url wag options AzdeFve (Request) TUST API Faarnds
Fetch(url, options) Lazaz5u Response wazagyinisulastayalimduy JSON PTIRER
then(res => res.json() It uazd g o 03 all @ then(json => console.log('Answer:
'+json.answer)) wazaATNEzATIIEBUANNRANA ANl HTTP Request ladnSasae

'
o w

ANd9 .catch(err => console.error('error:' + err)) éﬁjﬂLLﬁfﬂﬂugUﬁ 3.68

fetch(url, options)
.then(res => res.json())

.then(json => console.log('Answer: ' + json.answer))
.catch(err => console.error('error:' + err))

'
o

SU7l 3.68 Ada fetch()
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3.1.8.4 NM3138nkd Google Cloud Platform APl Ui Node.js

Tun151491u Recommendation System v ulad uonainas
WARINAAIETDAIIULAY Sea1uNsalLanINanieldusniy Jelaeenuuulissuuiinisldau
Text-to-speech Iagazlduini1s Cloud Text-to-speech APl 484 Google Enterprise API
uldauluuSyinugid Tnen1sun Cloud Text-to-speech APl wildenu 2xdidunau
Faseluil

1) finsaufiinadmsunisldauuinig Cloud Text-to-speech API

1¥in1510a Command Prompt Jusnuayluds Directory voelus
19A A8A1ES cd Fe Directory voslusian a1ntuldviinsindeuiiainangAIds npm

install @google-cloud/text-to-speech ﬁﬂLLamﬂugﬂﬁ 3.69

C:\Users\nengn>cd node-web-server

C:\Users\nengn\node-web-server>npm install @google-cloud/text-to-speech|

gﬂﬁ 3.69 N1SAARILAALNT @google-cloud/text-to-speech

2) n31997u Cloud Text-to-speech API Ul Node js

A o a O o« a o v ° a o &

Wievhnisfaeuiianalsausesuds agvinisdentdlasuninaulilu
AUs texToSpeech wagid1fiauion TextToSpeechClient lngas1sdaulana Client un

5893 fawanslugun 3.70

const textToSpeech = require('@google-cloud/text-to-speech');

const client = new textToSpeech.TextToSpeechClient();

g‘dﬁ 3.70 msi3enldufining @google-cloud/text-to-speech
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aounazvinnIssenldau AP U Tngazras19@auys request ¥93gd

[

nsuSuusstasadsl

1) input: YeAufidean1stluyi Text-to-speech

2) voice: M3 enawiilds 1usendes se languageCode
UazIERIUY Text-to-speech 138 ssmlGender Iﬂ&sluﬂ%fyjiyﬂﬁwuﬁ‘ﬁ%lﬁaﬂ languageCode: th-
TH wag ssmlGender: FEMALE

3) audioconfig: ﬂﬂiﬂ%’ULLﬁiﬂ‘ﬁagaLﬁm Gqfx‘iﬁ audioEncoding
ﬁamﬁl,ﬁaﬂ%ﬁ@ﬂﬂiaamﬁa%yjmﬁmﬁI@afﬂﬁﬁaﬂﬁa MP3 uag LINEAR16, pitch ABnns
USuusialnudes way speakRate deninuialuniserusenides Inelusyaiinusias
@onld audioEncoding: ‘MP3’, pitch: 5 uay speakRate: 1.05

Mntusauds request ﬁ%gnﬁﬂﬂﬁ APl fafon synthesizeSpeech()

wérarld¥unsmeundusisaus response ufiu araybuffer Intiuasihmadifedeyades

wduAul37FuUs audioContent faerds response.audioContent Akandhugun 3.71

const textToSpeech = require('@google-cloud/text—to—speech');
const client = new textToSpeech.TextToSpeechClient();

st request = {
input: { text: “ext i
voice: { languageCode: 'th-TH', ssmlGender: 'FEMALE' },

audioConfig: {
audioEncoding: 'MP3'
piitclv: "5
speakingRate: 1.05

}
1

};
const [response] = await client.synthesizeSpeech(request);
const audioContent = response.audioContent;

g‘d‘ﬁ 3.71 M3lE91u Cloud Text-to-speech API
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3.1.9 msfeassendinlegldanuiuszuundsdiunaan (Back-end)

lun1sdeansseninagldnuiussuundatnu (Back-end) azasislusunsuil

s !

Aldau (Client) Tulndnyedn indexhtml fg HTML5 dauanslusun 3.72 lnyagdas
seesunsldnunssu-dalenny malaldides uaznisduiindesvedls wse Speech-

to-text

indexhtml X

tle>Document

U7 3.72 Wsunsuilagfldanu (Client)

1) MmsSewwewtiivlananiu@snies (Request Webpage)
Tudumsuusnvesnisldauiu gldnudnduazdosddnive (Request) nii
Gulwd fae HTTP Method GET Tmedisisi URL http://localhost:5000/ anuiildadnstuly

viadiofl 3.1.8.2 7 Web Browser sauanslugui 3.73

@ wiuln X -

C (@ http://localhost:5000/

sU#t 3.73 fldudsme (Request) 173uidsmiiaes http:/localhost:5000/

2) MsepnkuuNsas-Suteyaseindldnuiuiugsnnes
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arlusunsuairediuldauile Client ladauanslugun 3.74 neudulzrossing
socket.io NIl4 Client nou A2835UWUU CDN (Content Delivery Network) 2101 Uaa314

HTML Tag Form dwmisusudanuaingld Wieviin1s Submit Inen1snadu Send daaiy

1

~ ' A& ac ¢ 1 ¢ P , v o O . .
HagnaalUniu@sviies duwmmnisal (Event) ‘messages’ AIgAAs client.emit()

src="/socket.io/socket.io.js"

client = io();
input = document.querySelector('i
form = document.querySelector(

form.addEventListener( bmit', (e) {
e.preventDefault();
client.emit('messages', input.value);

B

U7 3.74 Waunsuilagldanulunisdedeyaluniudsmoes

NUUILMINITIUTUATUEIUNITTUNITAOUAUD S (Response) 2111V
@530 MeAds client.on() HumanT3el “new-message” wagtiteyansulauniuly

Tuuys res_messages anuuioyalunaninalu HTML Tag div fauanslugui 3.75
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src="/socket.io/socket.io.js"

t client = io();

t input = document.querySelector('

t form = document.querySelector(
form.addEventListener(' mit', (e) {

e.preventDefault

client.emit('m , input.value);

D)
client.on('n , (res_messages) {
document.q ctor('div').innerHTML = res_messages;

b

U7 3.75 Waunsuiledldau (Client) Tunssudeyanniudsviaes

3.1.10 N15 Deploy Aul@$niaa3 Tluuy Heroku
ndndlaad1adu@svines andeuldnunad dunsufidfgydnunaenisita
Tildnugansisae lnen1s Deploy luu Heroku Fauu3nisaaniduuy Platform as a

[

Service (PaaS) 191%ile Inadin1s Deploy LWuu Heroku 1 @asvinnisinme git asluim3oq

(%
a o

AoumeTLazadATaNtn s uTesnou udsanilu azlduneunis Deploy el

1) LﬁﬁﬁajL’djulﬁziﬁ https://dashboard.heroku.com/apps 97NN15a319LBUNELA

Fulvy lnelindnUu New uagiden Create new app fauandlugui 3.76
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@ Create new app

@ Create new pipeline

() Node,js + heroku-22 - United States ¥

(8 Nodejs - heroku-22 - United States vt
= 14 a 2 1
JUN 3.76 n1sasrseundindulviuu Heroku

2) Tinsastereundndulutes App name lasdsududoniwidingy

Y A o

Tudnvioduauauiidnuseiivey Awandlugun 3.77 wdsntulinalu Create

app

Create New App

App name

[ nodewebserver

Choose a region

B8 United States

- r o |
Add to pipeline... |

OF
v A

JUN 3.77 Mmsfseuaunaindu

3) nasarntuliandiunis Deploy IUESHII0S muduneuiivlagnves

Heroku wugi dauanslugun 3.78
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E HEROKU

o
Y

U7 3.78 Tumoun1s Deployiuidsniies

3.2 aunsalildlunsnaass

Tulpssutl fgunsaluasinsasilonldlunisveasy Aadl
3.2.1 Google Colab Pro

Google Colaboratory %38 Colab \Juu3inisaanadnuniau3nisan Google
Research 1u IDE Moy nliiliidouresaldnlududlonaziFonldanusiwes
Tnglanzegieds sea5unwnndoulusunsy Python uagiiuaumsizeuiinios ns
Aasgniveya lasansnsfineg s [62]

3.2.2 Visual Studio Code

a a

Hulusunsuuszam Editor 1lunsuAlaldndifluunndn udiussansangs
Wu Open Source TUsunsudsanansathunldeulalaglafinnldang wuigdwmsudnimun
TWsunsufigeanisldaumansunanriosu sesdunisldamuiiauy Windows, macOS was
Linux 5095UMaI8nTEINa JavaScript, TypeScript waz Node.js Tus wazaiusaieuse
fu Git Igine anunsathunldnuldaelidudou Tniesdlenavdiuvenesng 4 Whdenld

1INU18 $995UNSTALTNUNIIDU o) N9 A1 C++, CH, Java, Python wag PHP
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3.2.3 Jupyter Notebook

Jupyter Notebook 1 uTUSwASuKUY Open Source filddmiuiTauuas
naaauldn (code) lunelusunsusng q Sahurldidundesdiedmsudoumdniw
Python d@%5UnAaaun1T¥INIIUTaIuUINGDY

3.2.4 1Usunsu Postman

Postman 1uiedesilefilddnsunaaeunazsiassnisiauves APl Jadu
Fo9n13luN15081551 1 UNGATUAY 9 BE05TUUANS 7 lusuuuree Request Uag
Response 1ng Postman 9aelvigldauaunsanageu APl ety wazasaiinnay
gNABITBINTTHBUNGUTDY APl wrazundliag1959m15

3.2.5 Node.js

Node,js i3 oldideulusunsudianien Javascript 1ng Nodejs 11158
yeulaludiuaes Server uanand Nodejs Safin1swaiun Framework sing 9 989
Express js fitnglinmatamnuwoundindudie Nodejs fedunasiinnubangulunisly
N

3.2.6 Google Cloud Platform

Google Cloud Platform \Huin3esiiefildluns Deploy szuufngg &9
Google Cloud Platform 1Juu3nisaania (Cloud Service) ﬁiﬁﬁmﬂ%gﬁu%nﬁﬁm 9
sghaunsnudeya (Storage), \A3oaEiou (Virtual Machine) wasusnisou 9 MAgTes
fumanid nsrnzfionsiauiueundndy (Application) 7ildnuldnasaiian

3.2.7 Docker

Docker uunanosudmsuianisuazisenldnuneundindulugueuuves
aoumuiues Judumaluladfitieliauisoadanazfuneundinduluanimuindon
Weatuldiauuiaies PC niauunanas (Cloud) Tnefilidesinaiesnuuandises
\3ewFosr U TR

3.2.8 MySQL

MySQL L“ﬂuizuué’ﬂmsg'}u%’auﬂal,t,uu Relational Database Management

'
[

System (RDBMS) Mfivimunaiiielddmsunisimiuuazdanisteyagiutoya IA1ds SQL

(Structured Query Language) tialdlunisAumuazisenldtoyainueglugiudoya nvie

Y

[ [y

Wleandunisdnnisteyanivainvane wu iy, av, wildeya 1u8N1530N13AUN1I9
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(Table) uazilas (Field) Feagdaelflisuamisadanistoyagrudenaldogied
Uszansniniazane

3.2.9 Adobe Premiere Pro

Julusunsudinsefifinnuaunsanainuane 1wy n1sdnasenauiale, n1sau
Nuvdwodiale, msfienrinduaznsiinedeulm, nsadreaniiennisle, uavaun

3.2.10 Clip - Studio Paint

Hulusunsudmiuneguuasasionin Clip - Studio Paint fiisesileliden
VaNTANETia 1Y MIAESIINAT, MINALarUITURRRELneY wasddlin3esdlodmsu
NSFARENIN WU NSFRReLastue WG, nsadsnimnasuln Lﬁaiﬁ;ﬁ%mummm

assnuldegrelinaunin

3.3 MIIANUNANITNAADS
3.3.1 negaunarUsziiiulszansn1nuae Reader Model
3.3.1.1 nadeUNSYUIUNTASEUURYA (Pre-processing)
3310 ‘Vl(ﬂﬁ@‘UﬂizmumimwsﬁﬁLﬁ@%ﬁa‘ﬁ'qm (Hyperparameter
Optimization)
3.3.1.3 U3z luU T3NS0 INU09UUUT1809018NaAT LU Exact
Match wag F1

3.3.2 NAdaUNT5IYeIU Knowledge Base

3.3.2.1 wmaa‘umiL‘%sﬂ@%’agaﬂ%wmﬂmiwﬁm%ﬁLﬁusﬁaaﬂaﬁw
3.3.2.2 naaaunsiiuAauluinIsednsuaauissuuldaiunse
naula

3.3.3 NAdUILUU Recommendation System API

3.3.3.1 NAAOUITUUATIVADUNITVINGY

3.3.3.2 MAdRUIEUUWSENTaYaA1a13 (Question Preprocessing)
3.3.3.3 MAARUITUUWIENTaLAUITUN (Contexts Preprocessing)
3.3.3.4 MA@RUTTUUAUAUTBYA (Retriever)

3.3.3.5 IAABUNISI91U Reader Model
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3.3.3.6 maaumﬂ%mia Recommendation System API fae

TUswASY Postman
3.3.4 NIAEDUNTITADANTIENINWIUT WIS AU AP

3.3.4.1 Ne@auUNsauRafuluUEsSWIes Aieluswnsy Postman
3.3.4.2 vagounsds-sudeyaiiu@snies fu Recommendation
System AP

3.3.4.3 pdeun1sads-sudeyaiiiudsnies fu Google Cloud

Text-to-speech API

3.3.5 nagaunsaeansseEndnEledldeu (Client) Auszuunaetnunevun
(Back-end)

3.3.5.1 NAERUNSS0vamtAUlwfa8 Web browser

3.3.5.2 viedoun1sads-sudayasening Client AuIu@sviaes

3.3.6 nagaun1sltnuiulediivuiaudiaennisiu (Responsive Web
Design)

3.3.7 NAEBUNIT MIUTZUUSIN
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NANISNAABY
Hanvildvinnisiiunantsineuvesssuulnewlinisveaewmazdniunanisuaassdudiu

A199 fasa Uil

4.1 naaauazUseiiuyseansn1nvae Reader Model
4.1.1Mﬂaaunizuauﬂﬂitm§83~l‘t’l’aga (Pre-processing)

dmsunmmageunseuiunsinieudeya avldyadeyadandlugun 4.1

1 example = {
2 "context": "waaaatil 4 ANA
3 "question”: "waaaFaunlnu",

"answers": {
"text": ["Faunimgaiansiia”],
"answer_start": [18],
"answer_end": [40],

}

JUT 4.1 dayaiiegedmunMImaaeunsEuIuNTsInIeadaya

4.1.1.1 NAADUNTLUIUNT Tokenization M5ty AutoTokenizer

Class
dmsumswieudayaiiedzluinsuwuudiass Question Answering

1y 9uduazses Tokenize ToyagAinruunaru3um (Question-Context Paired) Wiow 9
lngvziinanaaeuluusazdunau Al

1) Neaaun1sAnTaAIY (Truncation)
%vﬁ”]miﬁ’mu@wmﬁma%ﬁm%’uﬂf]'ﬁéfm%ammﬁm%'u%’agaﬁaaEJ"N

iall truncation = ‘only second’, max_length = 18 Wag return_overflowing tokens =
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TRUE lagazuandieminafounisandandng sduandugui 4.2 uagiordnavdinisen

Tomu Bearlel input_ids eenun 2 Waes Awandluguil 4.3

1 tokenized_examples = tokenizer(
2 example["question"],

3  example["context"],

4)

5 tokenized_examples

{'input_ids": [5, 10, 3814, 11851, 68, 48
‘attention_mask': [1,1,1,1,1,1,1,1

2  example["question

3 example['co
truncation=
return_overflowing_tokens=True,
max_length=18,

)

tokenized_examples

{'input_i lds [[5 10, 3814, 11851, 68, 483, 6, 6, 10, 3814, 55, 68, 10,97, 10, 175, 384, 6], [5, 10,
11851, 68 483 6, 6, 12, 20684, 16821, 6]], ‘attention_mask': [[1, 1, 1 P ol IPSIENIERY TSEIRY 18 1SR 1
1,11,[1,1,1,1,1,1,1,1,1,1, 1, 1]], 'overtlow_to_sample_mapping': [0 0]}

JUN 4.3 11@nanaavin Truncation Nseudlle As Wiaesi 1

LALNSOUALADY AD NaasN2

2) nadoun1TVivgeuniuueston1 I (Overlapping)
LRUNITILADT stride = 6 1HIINTINITAATDAIIN LABATUAAS
l@1AnNmReuYin Overlapping Aswanslugui 4.6 uazlonAnawin Overlapping Aawandly

sUil 4.4
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1 tokenized_examples = tokenizer(

2  example["question"],

3 example["context"],
truncation="only_second",
return_overflowing_tokens=

6 max_length=18,

7  stride=6,

8)

9 tokenized_examples

{'input_ids": [[5, 10, 3814, 384, 1500, 6, 6, 10, 3814, 55, 68, 10, 97, 10, 175, 384, 12, 6], [5, 10, 3814,

384, 1500, 6, 6, 10, 97, 10, 175, 384,12, 20684, 16821, 611, ‘attention_mask’: [[1,1,1,1,1,1,1,1,1, 1,
1,1,1, 1,1, 1,1, 11,11, 1,1, 1,1,1,1, 1,1, 1,1, 1,1, 1,1, 1]], "overflow_to_sample_mapping': [0, 0]}

JUT 4.4 Le1dnmviaavin Overlapping nseudden Ao Waasi 1

LALNTOUALADY AB NAesN2

3) nad@aun1singaAN eIy (Padding)
ILNUNI510L9035 padding="max_length” %&39In911 Overlapping 1A azuaAILDIANS

flowyh Padding Aswanaluzun 4.4 uaziomnanaavin Padding dawandlugun 4.5

1 tokenized_examples = tokenizer(

2  example["question"],
3  example["context"],
4  truncation="only_second",
5 return_overflowing_tokens=True,
6 max_length=18,
7  stride=6,

8

9

0

padding="max_length",

)

10 tokenized_examples

{'input_ids": [[5, 10, 3814, 384, 1500, 6, 6, 10, 3814, 55, 68, 10, 97, 10, 175, 384, 12, 6], [5, 10, 3814,
384, 1500, 6, 6, 10, 97, 10, 175, 384, 12, 20684, 16821, 6, 1, 1]], ‘attention_mask": [[1,1,1,1,1,1,1, 1,
1’ 1’ 1’ 1[ 1I 1’ 1I 1I 1’ 1]’ [1I 1’ 1’ 1’ 1’ 1l 1[ 1’ 1’ 1’ 1’ 1’ 1’ 1[ 1I 1’ OI O]]l
‘overflow_to_sample_mapping': [0, 0]}

JUN 4.5 le1dnsmndavin Padding nsaudliien fie Wiaei 1

LALNTAUAADY A WaasN2
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LLazqmﬁwa%éfauﬁqumﬁLma'g return_offsets_ mapping = True

dialdlumsmeumiestsdneulagaziiiednnsiy dwandlusui 4.6

1 tokenized_examples = tokenizer(
2 example["question"],
example["context"],
truncation="only_second",
return_overflowing_tokens=True,
max_length=18,
stride=6,
return_offsets_mapping=True,
padding="max_length",
10)
11 tokenized_examples

{'input_ids": [[5, 10, 3814, 384, 1500, 6, 6, 10, 3814, 55, 68, 10, 97, 10, 175, 384, 12, 6], [5, 10, 3814,
384, 1500, 6, 6, 10, 97, 10, 175, 384, 12, 20684, 16821, 6, 1, 1]], 'attention_mask: [[1,1,1,1,1,1,1, 1,
1: ]-l 11 11 11 1: ll 1: 11 1]1 [11 11 1! 1/ 1! 1! ]'I 1/ 11 11 1: 11 1! 11 1/ 1! OI 0]]1 ‘Offset_mapping': [[(OI O)I (OI
1), (0, 4), (4, 9), (9, 15), (0, 0), (0, 0), (0, 1), (0, 4), (4, 8), (8, 10), (10, 11), (11, 12), (12, 13), (13, 18),
(18, 23), (23, 26), (0, 0)], [(0, 0), (0, 1), (0, 4), (4, 9), (8, 15), (0, 0), (0, 0), (10, 11), (11, 12), (12, 13),
(13, 18), (18, 23), (23, 26), (26, 31), (31, 40), (0, 0), (0, 0), (0, 0)]], 'overflow_to_sample_mapping': [0,
01}

SUN 4.6 1019 nAnd91An1511 Tokenization

dadunmluguin 4.6 11 ‘overflow to_sample mapping a¥nu3A1 Ae
[0, 0] FevneAINTT input_ids YaaINA 2 Wiaes LAnINN1TNRAIRINLAZUTUNAIN
Toyasi9eg19gni Truncation viliAaaesduunlvaiBnuilsiliaet Ingasueniliaesina

A09vaIANR U uandlugun 4.7 wavgun 4.8 audsiu

input_ids [5, 10, 3814, 384, 1500, 6, 6, 10, 3814, 55, 68, 10, 97, 10, 175, 384, 12, 6]
attention_mask [1, 1,1, 1 1 V| 1 1,1,1,1,1,1,1]

(9, 15), (0, 0), (0, 0), (0, 1), (0, 4), (4, 8), (8, 10), (10, 11), (11, 12), (12, 13), (13, 18), (18, 23), (23, 26), (0, 0)]

g,
offset_mapping [(0, 0), (0, 1), (0, 4), (4, ©
ovemow_to_sample_mappmg 0

JUT 4.7 1o1Aneiaesil 1 veddAinuuazuIum
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input_ids [5, 10, 3814, 384, 1500, 6, 6, 10, 97, 10, 175, 384, 12, 20684, 16821, 6, 1, 1]
attention mask [1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0]

offset_mapping [(0, 0), (0, 1), (0, 4), (4, 9): (9, 15), (0, 0), (0, 0), (10, 11), (11, 12), (12, 13), (13, 18), (18, 23), (23, 26), (26, 31), (31, 40), (0, 0), (0, 0), (0, 0)]

overflow_to_sample_mapping 0

JUT 4.8 Lo1Aneaesh 2 veddAInuLazuTUm

970 input_ids 10907 1 wasiaesn 2 Weulunensiaazle
Touafe “<s> wasgssuilnu</s></s> wasgegtl 4 Mauseguii</s>" uay “<s> wWaae

Seunlnu</s></s> 4 fauseuningaInn seUi</s><pad><pad>” Auandlugui 4.9

=

o w @ Vo1 P a B4 % J =
haEsunN 4.10 mua1nu Q%L%UIQQWQSNIVILﬂUWLﬂH <S> BYMAMUNUIVBIATNTN wazdlniau

g

</s> YpgAny druusunazazgnAsaumglnay </s>

1 ids = tokenized_examples|['input_ids'][0]
2 decode_ids = tokenizer.decode(ids)

3 print(decode_ids)

<s> waaaSaun lnu</s></s> waanatil 4 AauSaun</s>

JUN 4.9 1010 NATA03N 2 YBIRAIULALUTUN

1 ids = tokenized_examples['input_ids'][1]
2 decode_ids = tokenizer.decode(ids)
3 print(decode._ids)

<s> Waaulsaun luu</s></s> 4 Amavsauniazaiansyiio</s><pad><pad>

JUN 4.10 10 WNATILIDIN 2 VOIAMAINLAZUTUN

ludiuvesuiun vsunduatulufe “wasgegl 4 Mavseuniame
a1ansede” willlosanusaziliaesgn Truncate MeaNLe1 18 Ay waginualidinis

ffouriu (Overlapping) fiu 6 Waw FuiuUIUNvesiaes 1 fe “ wasgeyd 4 Miauseu
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717 waruSunvesilaesii 2 fie “ 4 MduSeuimeamnseta” Suidoanuiideuriuiufe
“4 Mg’

910 attention_mask vessaesilaes avnuiiilaesd 1 sxdandu
1 shovnn uluioesi 2 9¢d 0 og 2 A1 duftelnAu <pad> thues ez Self-attention
Mechanism agliaulalniay <pad>

LaZanTNY offset_mapping Ao Tuple Mlduaniusaziniauiinim
617904 Character Winla 1y WAUYEIR1IY “wage” =i Offset_mapping Ao (0, 4) 3
2ziA210817 Character W11 U 4 wazlulnipudnain “waseg” e “ISgu” azil
Offset_mapping A (4, 9) Faagfiarue Character Wiy 5 usaun@nly Tuple 2ginng
Hulawsoan Tuple AOURLN

v [

IINLDIANAVBINTEUIUNIT Tokenization dvfudeyanie

e

AutoTokenizer Class f193U7 4.6 a11130 Tokenize Yntayasiagnalnoggnaes nioy

inlUvinszuIunIsm “start_position” way “end_position” Aaly

4.1.1.2 MAADUNITMIILANUDIYWANDU (Answer Span)

Tutadeilasvhmmageuitlman “start_posttions” way “end positions”
lngnagaeuiuyntoyaniati

AMRlniAL “start_positions” wag “end positions” Tnefaesi 1
fim1v89 “start_positions” wag “end positions” Wiy 0 WsenueaNIliddAneU
ogluillandil 1

duiliaesh 2 audiAves “start_positions” Wity 11 uazdiAves
“end_positions” WU 15 %30%U18AIININLYIAINDU (Answer Span) agﬂu?\lma%ﬁ 2

 fuvdedl 11 81 15 é’fﬂLLamﬁu'gUﬁ 4.11
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Feature start_positions end_positions

1 0 0
2 11 )

E‘Uﬁ 4.11 U84 “start_positions” kag “end positions” 14 2 Feature ﬁ]’mﬁm'faaga

AIDEUANIALUNUDIYIAIMBY (Answer Span) Tuu3un (Context)

Ameugnaensia (Decode) 3n#aas 1 uag 2 ¥e9 “input_ids”
(Labels Give Answer) sS8uNgunuaInauasd (Theoretical Answer) WUIINSEUIUNITIN

PAnaUIINUIUNTLIALgNAes Auuandlugun 4.12 uay 4.13

Labels Give Answer Theoretical Answer

BauRIaIZaInnTalg

5UN 4.12 Amauilaain “start_position”waz “end position” (Labels Give Answer)

Y

Wi ueUiumMABuasanyntaLaniagns (Theoretical Answer) ¥8iaesi 1

Labels Give Answer Theoretical Answer

Bounimzaiansuiv  Bauismeaiansuaie

U7l 4.13 Ameuiildain “start_position”wag “end _position” (Labels Give Answer)

Y

WU uiuAnauaseanyadeayaiiegne (Theoretical Answer) ¥as#laasi 2

o w A

INNTNAFDUNTTUIUNTITENTRYaTY Aziinsruiunshdfnfe

<

Tokenization WAENIFUIUNAITMIAUNUIYBITIAINBY (Answer Span) e lildie1dnnd
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W¥ouagU1lUnTU wangchanBERTa Pre-trained Model #30NABNTEUIUNITUA Fine-

tuning

4.1.2 NASAUNTLUIUNITHINIIITLABSNANGA (Hyperparameter
Optimization)
HASNGUDINITITMD SN LAINNTZUIUNTT Hyperparameter Optimization

wanIRsgUN 4.14

Learning Rate Weight Decay Epoch

8.029540331783353e-05 0.00013063434329338937

E‘Uﬁ 4.14 Hyperparameter 310 Hyperparameter Optimization

4.1.3 n52UUN15USSEUUSEANS NINVBILUUINADINIUNAALHUY Exact
Match wag F1

NAAZLUY Exact Match kag F1 99n015USEtNUUISEANTAIMNBUUINABDY LA

faguil 4.15

Exact Match F1

52.380952 75.741713

gﬂ‘ﬁ 4.15 waAzliu Exact Match uag F1

4.2 NAEaUN15LU91U Knowledge Base

4.2.1 nagaumsiengdayauiunainmssdmsuinudeyauiun

asdmsuiuteyausungnassluiieiudeyausunvsendaninuivianun

Y
o

17 doyausumsing 4 gninulilusisisiiazgn Retriever AUl daiu nsmageuilagyi
N13138N9TaYAUITUNIIN Knowledge Base M5 1EMIULAUTIYAUTUNLILAAS AIBAIAS

SQL SELECT fauansluguil 4.16
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ResultGrid W *% FilterRows: Q Edit: & B B Export/import: iR
context created_at

Famangasnnlng An wangasimnsmmandinga smieidonsm Insannanuacla... [2023-03-22 06:28:40

U IUATEIETIZ AD IMNTIHAEATINNA (FINTIH MIANIANLAE 1AS...| 2023-03-22 06:28:40

2023-03-22 06:28:40

.|2023-03-22 06:28:40

fﬂnmﬁ{ﬁn'lmmnnv i Bachelor of Engineering in Telecommunications and Network E... -03- 8:40

PN = v a o ! ° o
EU‘VI 4.16 Naﬂqﬁmﬂa@‘UﬂqilﬁﬁJﬂ@m@%aﬂﬁﬂ%ﬁqaﬂqﬁ 1N Knovvtedge Base f1319&8 13U

Wudayausum

4.2.2 nagaunissinuaanlunansisdmsuaaunssuuliaunsanaula

Faildosuneliluded 3.1.3.2 msndwduiidudeyadauiiszuuliaiunsa
nould gasstudiefivdeyadiomangldeuiidessuuldannsonould ethanw
FfananauiauarUfusissuu frunismeaeull agvinmaaeuiiiegiamiiszuull
ansanaulsl Faazgnifiuvdetuiinlilums uanafegud 4.17 91ngU g3nsilévinng
yaaouszULesn Fnlvasylvy’ uarszuuldaunsaneudinimuild Wosndinw

aguanvaulnasaneuls wavilisannssuuldannsonaumaiuilld Aaudenanae

'
=

gnualUgs Knowledge Base in1313dmsuAniuiisvuulianunsanauls wanadegy

\
4.18 1D 1 198
Params Authorization Headers (8) Body @ Pre-request Script Tests Settings Cookies
none form-data x-www-form-urlencoded @ raw binary GraphQL JSON v Beautify
i
"text": "@nTnaaglnu"
b
Body Cookies Headers (¢ Test Results €2 2000k 734ms 469B Save Response v
Pretty Raw Preview Visualize JSON v = O EL
i
2 "answer": "waadw liswnsonsuAtamila”
3 B |

JUN 4.17 wan1snageussuumemaunsyuulianansanauld {1 Postman
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ResultGrid EE 3 FilterRows: Q Edit: g B B

id question inserted_at

20230525 112047 ||
198 [Anwmagb [20230325 112101 | |

JUN 4.18 Aaunseuulilanunsanauls Ngnuiinluds Knowledge Base m1sedmsu

Aanunszuulyaunsanaula

4.3 NAs§dUITUU Recommendation System API
dmun1InaaeunIIYNuYeITEUY Jinviladnulinantsnaaeuseniduy
syuudossasialull
4.3.1 NAFIUIZTUUATIVEDUAISANNIY
NANISNAABUTLUUATIAADUNITVININY LLamé’w’quﬁ 4.19 nggdnvilavinng
Joudoniy ‘@lanny’ Tinusyuu wazsyuulalineuaiedeniny ‘@ldn sunliusnis’

Wulumusanleeaniuuld

none form-data x-www-form-urlencoded @ raw binary GraphQL JSON v

1

2 "text": "#idnAs"

3

Body Cookies Headers (6) Test Results €A 2000k 330ms 449B
Pretty Raw Preview Visualize JSON v =2

1 d

2 "answer": "&IaAATU DudAuinns"

3 B

SUN 4.19 NANMINARBUTEUUATINEBUNTINNIY WU Postman
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4.3.2 waaaus:wm‘%au%’agaﬁﬂmu (Question Preprocessing)

dmiunanIsnagaUTEUUIMTENURYA 952 UUYINNITLUIT AN NLT UAN

go8 9 uanenagui 4.20 Tngrau ‘Pomdnansnwilvnefesrls’ aududnuigininae

THlumsnagevluides 4.3.2 59435

Raw Question: #anangnsn e insdsnsls

Preprocessed Question: ['#a', 'wangas', 'mwnlng', 'Aeazls’']

a a v °
EUV\ 4.20 Naﬂqimﬂa@U33U‘ULmiﬂlleﬂalluaﬂ'mql]

4.3.3 NdaUsEUUIAIENtaYyauTUN (Contexts Preprocessing)

a v a o =
Naﬂ']i‘V]ﬂﬁ@‘Uig‘U‘ULmﬁUﬂﬂJ@yja‘Ui‘Um LLﬁ@QﬂQEU‘W 4.21

Raw Context : anangasnwlny fa vingasidanssumansiadn swninidanssuinseupuuazTaseing

Preprocessed Context : ['da', ‘wingas', 'swilms’, ‘fa’, 'wangas', "donsau’, ‘adad!, k', 'ndn', 'insw’
Thsmman’, "uae’, 'Taseng'

A g ! a ! v 1 a v a
E‘U‘Vl 4.21 B NUIUNNDU-VAINTUITUULANITINVBLAUIUN

4.3.4 nagauszuuAuRudaya (Retriever)

Failsesunelilusinded 3.1.4.4 svuvdudududoya vide Retriever uszuy
fmthitdumuiun (Context) MAwatos anAamvesildon Tnsazlddaneiiu Okapi
BM25 F99ei38nnsAerTeuifisuauiivesdiandiomsuusuntanuaiigniiulily
Knowledge Base udashuuiuniiisndostumanuuiniiannduan defunsmeageut a
\Junsmaaeumuiuniiisadesiudiniy ‘Gevdngasnwilnedessls’ wndign 2 Susy

WIn NAANTTULALAUTOYE KANTVIAABULARIAIFUN 4.22
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(Score: 15.9761) #awdngasnwnlny An wdngasimnssudandiindia a191imimnssulnsauunauuazlasaing

(Score: 11.4261) #aiAunwn InsSunuazananinn fn dmnssudaadindia (3anssulnsauunauuasTassing)

PN Y A v = a P Y o o A
E‘U‘V] 4.22 Naﬂ'ﬁ‘ﬂﬂa@‘Ui%UUﬂu@u%@ﬂﬂa LW@V’]U?U‘WWLﬂEJ'JsUaQﬂUF’\I']ﬂ'uJQJ']ﬂV]EjW

4.3.5 NAEBUNIS Y914 Reader Model

Y A ¥

~ Yo o v v a Y a A a v
L@J@lﬂu’]ﬁqﬂqﬂma\iﬁmsﬁﬂquvluLﬂqﬁgUUaUﬂu@usUaﬂJﬁ Q%lﬂUﬁUVW]LﬂEJTU@Q@U’]ﬂ

Y

Knowledge Base 11tuiate 4.2.4 wiauria1udiagisiazusunidoudng Reader

Model agldfmausanunduandlugui 4.23 lnslinguuuegf 0.9256 Avuuu

{'score": 0.9256300330162048,

'start: 0,

'end: 89,

'answer': 'Tavdngasa’lva Aa vangasiAnssumansiagia a1aniznidnssuinsavuiaunayinseting'}

UM 4.23 nan1smaaeu Reader Model

4.3.6 "AFOUNISIT0Us® Recommendation System APl §2glusunsal
Postman

= v A v Y o o & aa o v
L@J@iﬂig‘UUmqﬂJW@@Qﬂ”ﬁ LLﬁzlﬂ‘Vﬂﬂﬁi Deptoy AT UULUUNLIBUSDELAD N1

[

nagauil §invhagyihnimegeun1sneuma1l TINnsianeudy 9 veszuulagIuEIy

A vo

APl Nigdnvilaasiadu Falevinn1snaaeuriu Postman lngnanisnagaeu APl figdanlny

#14 9) uanafaguil 4.24, 4.25 uay 4.26
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https://telecom-qa-app-oio6zs2epa-as.a.run.app/predict ) save Z E
POST ~  https://telecom-ga-app-oioBzs2epa-as.a.run.app/predict
Params Authorization Headers (8) Body ® Pre-request Script Tests Settings Cookies
@ none @ form-data @ x-www-form-urlencoded @ raw @ binary GraphQL JSON Beautify
{ —_
2 | "text": "asr"
3§

Body Cookies Headers (6) Test Results

€& 2000K 51ms 4538 Save Response v

Pretty Raw Preview Visualize JSON ~ = l[‘j (1
1§ 1
2 "answex”: "@dadndy dudlduidnns®
3 3 ]

JUN 4.24 msvaaeu APl v895xuulagTIN K1Y Postman lagnageumedeninuiinne

https://tel qa-app-0ioBzs2ep .a.run.app/predi DSave & f:
POST ~  https://telecom-qa-app-oio6zs2epa-as.a.run.app/predict
Params Authorization Headers (8) Body @ Pre-request Script Tests Settings Cookies
) none @ form-data x-www-form-urlencoded @ raw @ binary @ GraphQL JSON ~ Beautify
1
L | “text": "Juifup:z14"
3§
Body Cookies Headers (6) TestResults € 2000k 861ms 4698 SaveResponse v
Pretty Raw Preview Visualize JSON ~ = B Q
1§ ]
W E § e
2 "answer”: "mpadu bigwnsonauAtnmila®
3

JUT 4.25 nsnaaeu APl ¥83szuUlagTI H1W Postman lagnaaeaumigaaiuuen

YDULYANITADUAININYDITLUU
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https://telecom-qa-app-olo6zs2epa-as.a.run.app/predict

) Save
POST v https://telecom-qa-app-0io6zs2epa-as.a.run.app/predict Send v
Params Authorizatior Headers (8) Body @ Pre-request Script Tests Settings Cookies
none form-data x-www-form-urlencoded @ raw binary GraphQL JSON Beautify
{ —
"text": "uas 1 (Souinuouin®
L
Body Save Response v
Pretty Preview Visualize JSON =
i
A -3 o AuIY
E)

JUN 4.26 MInaaeu APl ¥83szuUlagTId H1u Postman laenaaeusigfanufiieiu

VANgRINIAIVLNIANLIAY

4.4 NAEaUNISEE1555U 19 Web Server fiu API

4.4.1 maaumsda-%’u%’agaﬁ Web Server fu Recommendation
System API

NINAABUNNITOIWBTRLAIN Web Server lUga Recommendation System

APl $8fnds fetch() faviadent 3.1.8.3 dnanaaauniuandlugun 4.27

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL AZUF

PS C:\Users\nengn\node-web-server> node index.js
Listening on http://localhost:5000

Answer from API: Zdawanagssmm'lve da wangesIenssuenaesliash a3 i nssulvs auunauuas lasving

U 4.27 M3snauauad (Response) 3N Recommendation System API #i Terminal w04

BuLEsnLIes
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4.4.2 edounsEe-sudayaiivius@sniiesiu Google Cloud Text-to-
speech API
N13NAFaUNITTBIvaTayaaIN Web Server LU Google Cloud Text-to-speech

APl favindan 3.1.8.4 lnadayanianduinazegluguuuu Buffer dsuanslugun 4.28

PROBLEMS ouT DEBUG CONSOLE TERMINAL AZURE

PS C:\Users\nengn\node-web-server> node index.js
Listening on http://localhost:5000

<Buffer ff f3 44 cUd 00 10 90 7e 28 00 79 8c U8 10 0O ab Ge 75 la le 87 bb Ue 28 09 93 26 Uc 1c
06 03 01 85 80 0O GO GO GO 6O 60 60 00 64 13 26 9d 83 f9 3e b8 ... 28750 more bytes>

gﬂﬁ 4.28 N13nauauad (Response) 310 Google Cloud Text-to-speech API #i Terminal

U89 Web Server

4.5 nagaumsaea1sssnInsleadldnuiuiudsniaes
nsvedeuMsEoanssEyineilaldianu (Clent) fu Web Server) asisuduann

< ¢ Y1 o v & x5 o Eoch A 1Y
Auwesilddssvendnivlesdiu Web Server uagndaniniufienisdeasiv
4.5.1 nagaun1ssasvantIulgAae AU IS

1nvaded 3.1.9 Wedlivinnisieswes (Request) wuuwison GET w1# URL
http:/localhost:5000/ Web Server azmauausindusienisdwmiiuledfldoanwuy

Tunyld danandlugun 4.29

D t X -

C  ® localhost:5000

\ H Send \

JUT 4.29 wihiuleafiiudsnesaanduliild (Client)
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4.5.2 nagaumsds-sudayaszninedladldanuiuiudsniies

N 4.5.1 insiiunideninu “Hello Server!” uainadu Send Liods
Tonuluds Web Server wlails Server lasudeanuduanduzun 4.30 Aagvinisneu
nd1u1d “Hello, Client!!l” fauandluguil 4.31

Aatiudshadsdeanssenineladldeuiu Web Server anunsadeansiule

PROBLEMS U DEBUG CONSOLE TERMINAL AZURE

PS C:\Users\nengn\node-web-server> node index.js
Listening on http://localhost:5000
Message From Client: Hello Server!

U7 4.30 Terminal ved3u@ivaesidieldsudennuainyld

l @ Document X I_

C ' ® localhost:5000

| Hello Server! [ send |
Hello, Client!!!

U7 4.31 wihaulgdndaniiudsiiesnoundu

4.6 nagaun1sitaudUlgdivuIavtinaandnen (Responsive Web

Design)

FusunisesnwuuntduledlisesduntinaevuIninneiu agseIsunisiy

ulugunsal Desktop NvwIAANNTBEN 1366 px Aanslugun 4.32 uagmnien
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Wosnintuagldarusaldauladuanslusun 4.33 uavagldnuldffigafovun
1920x1080 px fauanslugui 4.34

Department of Telecommunications Engineering

U7 4.32 nihdulgdvuaauniistusifisessunierninniuning 1366px
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Department of Telecommunications Engineering

U 4.30 wihdulediianunsealdanuldffigauuin 1920x1080 px
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wenangunsalinanvieUuddiaunsaldauluwivianlilaedediauinainy
N1199g381I9T69px - 1365px lagazendieg1s iPad air Fafinieevuin 1180x820px
Fauandluguil 4.35

wazgavheazsesiunsldanlulnsdmisofenvunanthaeegsening 320px
768px Ingazendieene Samsung Galaxy A51/71 Fafintiaenunn 412x914px fauansly

SU#l 4.36

wna:iPadAirY 1180  x 820 70% ¥ linvmuan Yy O

U7t 4.35 wihiiulediivunn 1180x820px (iPad air)
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2u1R: Samsung Galaxy AS1/71 Y 412 x 914 70% v hifimsmuqu Y O

WElcome

fSevdadunau
wih:01006030unandal
ar

gﬂﬁ' 4.36 viniulesfivunn 412x914px (Samsung Galaxy A51/71)

4.7 NAFDUNIS M9IUSZUUTIY

12

Tutdunouily

Y

P9 1lAYIINSNAABUNITITIIUSEUUTIY 1agsuAUNT LU

wiiuled https://nodewebserver.herokuapp.com/ tiesosvauntivlesain Web

Server fauanslugudl 4.37 f\ﬁﬂﬁﬂﬂﬂﬂu Ask Me Question! e l4a1u Chat-popup ne
wilfoaudouufe “ataidy forlsavnuvionnaroudsiony” wieudsayaaind
nsmunaiiniadeulm (Motion Graphic) Tnsanunsadanninszuvanusalday Text-to-
speech leannisgdeyalu Console vatiulusniiwasaianisna ctrirshift+l lagazdl

Torumiiudn “Greeting Audio” dwsutennudsatiuanslugui 4.38



113

U

Ca
=b
has
W
=
=
_)ﬁ
on
c
UJ
=
o,
=
®
Lo
>
@]
[OF
D
s
D
O
wv
D
<2
D
a
>
D
=
o
~
[
Q)

©
©
(@)
e]
3

faoulga  faslslwi X
B O tpvl© e
nTay syduduciu v
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Greeting Audio: (9ufl):700

» ArrayBuffer(14976) (fufl):z01

alafey forisasonnios
wianauinioay

U7 4.38 nadndillonatu Ask Me Question! Wag#til Console ULIUUTNYRSUARS

HadnsUoyalwaldes Greeting Audio
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a

NUUNARDININAINIY “Tondngnshioasls” lnenisiuniadludesnsen

1aa114 Agladonummeundunnieuideann tnedeyaidetaziivoniuiiulii

“Answer Audio” fauanslugud 4.39

aoulwa  dlavlstmi ey X

P ® tpy © e
nsa0 sEdUGuGY ¥
vl

Greeting Audio: (Aufl) 700

» ArrayBuffer(14976) (fufi):701

Answer Audio: (diufl):731

» ArrayBuffer(28896) (dufl):732

dandngasnimiive da >
wangasiminsmmansiuda
avinimnsminiannan

uarlasstiudy

Havangnsfaarls
GEE=— - O

JUN 4.39 naswnsidlonumanuniunisiuiludesnsendeninuuasntl Console vy Web

Browser kansnaansdayalwaldus Answer Audio

foaAzNAaeldUNUANLNIULEEA Y38 Speech-to-text lagnsnaly
Sufinides Selurasiirdaiuiindesiudonnuiwasstuuuansiiviiaiuasu
SuiindesazUdeuusudivasadung fuanduzud 4.40 uasidodioansdadanuilii
nsnatutufindesdnaiaufielunmgatuinwezdsiauilugssuundaiu Back
end) Tnedarnudnouissuundsthunaundutuie “voasts liawsansudinuillfay”

fauandluguil 4.41
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wazgavingzinsnageunadl “IBlY” Fadlariinisnauailzuanitaniy

Fldeonun wazillevinisnaludnaseiniiieig Chat-popup Agnduganiugifunaunisna

Uy Fanandlugud 4.02
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def get context span(input ids,
sequence ids,
answers,
start_col,
text_col=TEXT COL,
pad on right=True):
# Start/end character index of the answer in the text.
start_char = answers[start col][0]
end char = start char + len(answers[text col][0]) + 1
# Start token index of the current span in the text.
token_start_index = 0
while sequence_ids[token start index] != (1 if pad_on right else 0):
token_start_index += 1
# End token index of the current span in the text.
token end index = len(input ids) - 1
while sequence ids[token_end index] != (1 if pad_on right else 0):
token end_index -=
return token_start index, token end index, start char, end char
def get answer span(tokenized examples,
offsets,
start_char,
end_char,
token_start_index,
token_end_index,):
while token_start_index < len(offsets) and offsets[token start_index][0] <=
start_char:
token start_index += 1
start_position = token_start_index - 1
while offsets[token_end index][1] >= end char:
token_end_index -= 1

end_position = token _end index + 1
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return start_position, end_position
def prepare ga_train_features(examples,
tokenizer,
question_col="'question’,
context col='context’,
answers_col="answers',
start_col=START _COL,
text_col=TEXT COL,
pad on_right=True,
max_length=416,
doc_stride=128):
tokenized examples = tokenizer(
examples[question_col],
examples[context col],
truncation="only_second",
max_length=max_length,
stride=doc_stride, #overlapping of overflowing tokens
return_overflowing tokens=True, #return multiple input ids if exceeding
max_length
return_offsets mapping=True,
padding="max_length",
)
sample_mapping = tokenized examples.pop('overflow to sample mapping”)
#map overflowing examples to original examples
print(sample_mapping)
offset_mapping = tokenized examples.pop("offset_mapping") #offset map;
character index not resetted across overflowing examples
tokenized_examples['start_positions"] = []
tokenized examples['end_positions"] = []
#loop through all examples' offset mapping

for i, offsets in enumerate(offset_ mapping):
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input_ids = tokenized examples["input_ids"][i] #a list of tokens
cls_index = input_ids.index(tokenizer.cls_token id) #use cls as answer when
there is no answer
sequence_ids = tokenized examples.sequence_ids(i) #sequence_ids 0 for
question and 1 for context
sample_index = sample_mapping[i] #since many examples can point to the
same question due to overflowing
answers = examples[answers_coll[sample_index] #answers of each example
# If no answers are given, set the cls_index as answer
if len(answers[text col]) ==
tokenized examples|['start_positions"].append(cls_index)
tokenized examples['end_positions"].append(cls_index)
else:
token_start index, token_end index, start _char, end char =
_get context span(input_ids=input ids,
sequence_ids=sequence ids,
answers=answers,
start_col=start_col,
text _col=text col,
pad_on right=pad on_right)
# If answer is not in span, return cls_index as answer
if not (offsets[token start index][0] <= start_char and
offsets[token end index][1] >= end char-1):
tokenized examples["start_positions"].append(cls_index)
tokenized examples['end_positions"].append(cls_index)
else:
start_position, end position = get answer span(tokenized examples,
offsets,
start_char,
end_char,

token_start_index,
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token_end index,)
tokenized examples|['start_positions"].append(start_position)
tokenized examples['end_positions"].append(end position)
return tokenized examples
tokenized datasets = datasets.map(lambda x: prepare_ga_train_features(x, tokenizer),
batched=True,

remove_columns=datasets["train"].column_names)
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model =
AutoModelForQuestionAnswering.from_pretrained("airesearch/wangchanberta-base-
att-spm-uncased")
batch size = 16
learning rate = 8e-5
args = TrainingArguments(
f'finetune_telecom_thaiga",
evaluation_strategy = "epoch”,
learning_rate=learning_rate,
per_device_train_batch_size=batch_size,
per_device eval batch size=batch size,
num_train_epochs=3,
weight decay=0.00013,
save_steps=2000,
fpl6=True,
#adam_epsilon = le-8,
#adam betal = 0.9,
#adam beta2 = 0.999,
logging strategy = "epoch’,
)
data_collator = default data collator
trainer = Trainer(
model=model,
args=args,
train_dataset=tokenized datasets["train"],
eval_dataset=tokenized datasets["validation"],
data_collator=data_collator,
tokenizer=tokenizer,
)
trainer.train()

trainer.save_model("/content/finetune_telecom_thaiga/finetune newdataset5")
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from transformers import AutoModelForQuestionAnswering, AutoTokenizer, pipeline
from pythainlp import word_tokenize, Tokenizer
from pythainlp.corpus import thai_stopwords
from rank_bm25 import BM250kapi
import numpy as np
import mysql.connector
import requests # test
from mysql.connector import errorcode
import os
class Database:
def init (self):
self.host = "35.186.147.213"
self.user="root"
self.password="29062544"
self.database="telecom ga db"
self.mycursor = None
self. nydb = None
def set_host(self, host):
self.host = host
def set_user(self, user):
self.user = user
def set_password(self, password):
self.password = password
def set database(self, database):
self.database = database
def get context from db(self):
mydb = mysgl.connector.connect(host = self.host, user = self.user, passwd =
self.password, database = self.database)
self. nydb = mydb
mycursor = mydb.cursor()

self.mycursor = mycursor



mycursor.execute("SELECT * FROM telecom ga_db.context_info")
myresult = mycursor.fetchall()
# print(myresult)
# Grab only context
cntx = [dt[1] for dt in myresult]
# mycontext = []
#contx =[]
# # Grab context and created_at
# for data in myresult:
#  mycontext.append((data[l],data[2]))
# # Grab only context
# for dt in mycontext:
#  cntx.append(dt{0].lower()) #lastest
return cntx
def insert_unanswerable question to db(self, question):
print("Logging : insert_unanswerable question to db")
try:
sgl = "™INSERT INTO unanswerable question (question) VALUES (%s)""
val = [(question)]
self.mycursor.execute(sql, val)
self.mydb.commit()
print(self.mycursor.rowcount, "Record inserted successfully into table")
except mysgl.connector.Error as error:

print("Failed to insert into MySQL table {}".format(error))

# finally:

#  if self.mydb.is_connected():

# self.mycursor.close()

# self.mydb.close()

# print("MySQL connection is closed")

class QAReaderModel:
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def _init_(self, model path=
os.getcwd()+'"/app/model/finetune_11 03 2023 multilinguamodel-round3-
hugedataset"):
"™ summary
Args:
model_path (str): Directory containing the necessary tokenizer and model
files.
self.model = None
self.tokenizer = None
self.model path = model path
# self.qa = None
self.set_ model(model path)
def qa(self):
ga = pipeline("question-answering", model=self.model, tokenizer=self.tokenizer)
return ga
# def get _ga(self, model, tokenizer):
#  ga = pipeline("question-answering", model=model, tokenizer=tokenizer)
#  return ga
# def set_qa(self):
#  self.ga = self.get ga(self.model, self.tokenizer)
def get_ model(self, model path):
Load a tokenizer and model using 'AutoTokenizer' and 'Automodel’
Args:
model_path (str): Directory containing the necessary tokenizer and model
files.
model = AutoModelForQuestionAnswering.from_pretrained(model path)
print("modelllUL : ", model)

# model = AutoModelForQuestionAnswering.from_pretrained(model path)
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tokenizer = AutoTokenizer.from_pretrained(model path)
print("tokenizerrrrrrrrr : ", tokenizer)
return model, tokenizer

def set_model(self, model_path):

nnn

Set a tokenizer and model using the 'self.get model' method.

Args:
model_path (str): Directory containing the necessary tokenizer and model
files.
self.nodel, self.tokenizer = self.get model(model path)
def showData(self):

# print(self.model, "\n", self.tokenizer, "\n", self.ga)
# print(self.qa)
ga = self.qa()
print("ga info : {}".format(ga))
class QARetriever:
def _init_ (self,
model path=o0s.getcwd(+"/app/model/finetune 11 03 2023 multilinguamodel-
round3-hugedataset”):
Define a QA Retriever model.
Search for the associated context and return the best answer.
Args:
model_path (str): Directory containing the necessary tokenizer and model

files.
self.answer = None
self.question = None # query question

self.greeting = False
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self.preprocessed question = None # preprocessed query question
self.contexts = None
self.preprocessed_contexts = None
self.qa_reader = QAReaderModel(model path=model path)
self.tokenizer = self.ga_reader.tokenizer
self.model = None
self.qa = self.qa_reader.qa()
self.database = Database() ##
# self.best_answer = None # best score w/ best answer
self.condition = False
def set _question(self, question): # with api part
self.question = question
def set preprocessed question(self):
self.preprocessed question = self.preprocess query(self.question)
def set greeting(self):

greeting = ['@i@nASY, '@iannaz!, '@ian’, ninfasy, 'winaaz, 'wind), 'Hi', 'hi, 'hello',

'Hello', 'dalva’, @¥anan’, ‘ne’, 'fa1]
just_greeting = False
if str([self.question]) == str([val for val in greeting if self.question == val]):
just _greeting = True
else:
pass
self.greeting = just greeting
def set preprocessed contexts(self):
self.preprocessed contexts = self.preprocess_contexts()
##logging
# print("preprocessed _contexts (in set _contexts) :
{}".format(self.preprocessed_contexts))
def preprocess_query(self, question):
# start changing

token_question = self.tokenizer(question).input _ids
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token_question = token_question[1:-1:] #remove special token
decode_question = []
for x in token_question:
if x == 10: #Remove white space (token 10)
pass
else:
decode = self.tokenizer.decode(x)
decode_question.append(decode)
already question = decode_question
# print("Token question: ", already question)
# Remove Stopwords
stopwords = list(thai_stopwords())
already question = [i for i in decode question if i not in stopwords]
# print("Already Question: ", already question)
# end changing
## Tokenization
# token_question = word_tokenize(question, engine="newmm”,
keep whitespace=False)
# Remove stopwords
# stopwords = list(thai_stopwords())
return already question
def preprocess_contexts(self):
all_context = self.database.get context from db()
# Set contexts obtained database
self.contexts = all_context
# start changing
already context =[]
for each _cntx in all_context:
decode_context = []
token contexts = self.tokenizer(each cntx.lower()).input ids

token_contexts = token contexts[1:-1:] # remove special token
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for x in token_contexts:
if x == 10: # white space removing (token 10)
pass
else:
decode = self.tokenizer.decode(x)
decode context.append(decode)
already context.append(decode context)
del decode context
# end changing
# token_contexts = []
# for context in all_context:
#  token contexts.append(word tokenize(context, engine="newmm",
keep_whitespace=False))
# ## Logging
# # print("token_contexts : {}".format(token contexts))
# return token_contexts
return already context
def retriever(self):
# Initializing
bm25 = BM250kapi(self.preprocessed contexts)
# Ranking of decuments
doc_scores = bm25.get scores(self.preprocessed question)
# Getting top 3 relevant context
ranked contexts = bm25.¢et top n(self.preprocessed question, self.contexts,
n=1)
# Max to min bm25 score sorting
top n_score = np.flip(np.sort(doc_scores))
# # Display ranking score
# print("\nTop 3 most similar sentences in corpus:\n")
# for score, ct in zip(top_n_score, ranked contexts):

#  print("(Score: {:.4f})".format(score),ct)
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# print("\n\n")
return ranked_contexts
def get best answers(self):

# start adding

self.condition_checking()

if self.condition == True: # found eng
self.change_model()

else:
self.default model()

# stop adding

self.set_preprocessed contexts()

self.set preprocessed question()

ranked contexts = self.retriever()
answer = []
# print("context in ranked_contexts")
for context in ranked contexts:
ans = self.qa(question=self.question, context=context)
answer.append((ans[“score"], ans["answer"]))
# Max to min answer score
answer.sort(reverse=True)
best_answer = max(answer) # score with answer
# # testing start
# if self.condition == True:
#  API_URL = "https://api-inference.huggingface.co/models/wicharnkeisei/thai-
xlm-roberta-base-squad2"
#  headers = {"Authorization": f"Bearer
{'hf_FrtYnACliJvkfuwxynQBcUEwGobWKHLmh;j'}"}
#  def query(payload):
# response = requests.post(API_URL, headers=headers, json=payload)

# return response.json()
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#  for context in ranked contexts:

# output = query({

# "inputs”: {

# "question”: "{}".format(self.question),

# "context": "{}".format(context)

# 2

# D)

# answer.append((output['score'l, output['answer'])
#  answer.sort(reverse=True)

#  best _answer = max(answer) # score with answer

# else:

#  for context in ranked contexts:

# ans = self.qa(question=self.question, context=context)
# answer.append((ans["score"], ans["answer"]))

# # Max to min answer score

# answer.sort(reverse=True)

# best_answer = max(answer) # score with answer

# # testing end

return best_answer

def get_answer(self, question):

self.set_question(question=question)

# start changing

self.set greeting()

self.condition = False

if self.greeting == True:
answer = "@¥@f BUALRUINIT"

else:
best answer = self.get best answers()
softmax_score = best_answer[0]
print("softmaxxxxxxxx: ",softmax_score)

threshold = 0.3
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if softmax_score < threshold:
# print("Loggingggggssg ")
# insert unanswerable question to db
self.database.insert_unanswerable question to db(question)
answer = "vaaste liannsonouanuils:
else:
answer = best_answer[1] # best text answer
# end changing
return answer
def default_model(self):
self.tokenizer = self.ga_reader.tokenizer
self.model = self.ga_reader.model
self.qa = self.qa_reader.ga()
def change _model(self, model path="wicharnkeisei/thai-xim-roberta-base-squad2"):
self.set changed model(model path)
self.set_changed ga()
def get_changed model(self, model path):
model = AutoModelForQuestionAnswering.from pretrained(model path)
tokenizer = AutoTokenizer.from pretrained(model_path)
return model, tokenizer
def set changed model(self, model path):
self.model, self.tokenizer = self.get changed model(model path)
def get changed ga(self):
ga = pipeline("question-answering", model=self.model, tokenizer=self.tokenizer)
return ga
def set changed ga(self):
self.qa = self.get changed qal)
def condition _checking(self):
engs = [N1¥199NY, "?;a', LAGEY
tokenize input = word_tokenize(self.question)

condition = False



for i in engs:
for j in tokenize_input:
ifj==i
condition = True
# print(i,)
pass

self.set_condition(condition)

def set_condition(self, condition):

self.condition = condition
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import uvicorn
from fastapi import FastAPI, Request
from pydantic import BaseModel
from app.utils import QARetriever
app = FastAPI()
ga_search = QARetriever()
class TextIn(BaseModel):
text: str
class PredictionOut(BaseModel):
answer: str
@app.get("/")
def home():
return {"status_health check": "OK"}
@app.post('/predict’, response_model=PredictionOut)
def predict(payload: TextIn):
answer = ga_search.get _answer(payload.text)
return {"answer" : answer}

# # initializes the QA model and start the uvicorn app

#if name_ ==" main "
#  ga_search = QARetriever()

#  uvicorn.run(app, host="0.0.0.0", port=8000)

148



AANUIN

Wswnsuiildlunisadis Container Image (Dockerfile)



150

FROM python:3.9

LABEL author="Patcharakit Yangdiaw"

#

WORKDIR /code

#

COPY ./requirements.txt /code/requirements.txt

#

RUN pip install --no-cache-dir --upgrade -r /code/requirements.txt
#

COPY /app /code/app

EXPOSE 8000

#

CMD ["uvicorn", "app.main:app", "--host", "0.0.0.0", "--reload"]
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<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<meta http-equiv="X-UA-Compatible" content="|[E=edge">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Telecomm Chan</title>
<l <link href="https://cdn.jsdelivr.net/npm/bootstrap@5.3.0-
alphal/dist/css/bootstrap.min.css” rel="stylesheet" —>
<I-- integrity="sha384-
GLhITQ8IRABAZLI6O30VMWSktQOp6b7IN1Z13/Jr59b6EGGollaFkw7cmDA6j6gD"
crossorigin="anonymous"> -->
<link rel="icon" type="image/x-icon"
href="https://res.cloudinary.com/dgumpoqgcu/image/upload/v1676825597/png_fy5gzk.
png'>
<link rel="style">
<style>
html {
font-family: 'Mitr', sans-serif;
box-sizing: border-box;
-webkit-text-size-adjust: 100%;
}
p{
margin: 0.25rem;
}
hi {
font-family: 'Mitr', sans-serif;
font-size: 18px;
text-align: center,;

color: #000000;
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h3 {
font-size: 16px;
font-weight: 550;
text-align: center;
color: H#ffffff;

}

body {
font-family: 'Mitr', sans-serif;
-ms-word-wrap: break-word;
word-wrap: break-word;
background-color: #666666;
background-image:

url('https://res.cloudinary.com/dgumpoqcu/image/upload/v1676825597/telecomweb
mkwocq.jpg);

background-position: center top;
background-size: cover;
backeround-origin: adding-box;
background-repeat: no-repeat;
position: fixed;

}

.open-button {
cursor: pointer;
opacity: 1;
position: fixed,;
bottom: 3%;
right: 1%;
width: 110px;
filter: contrast(110%);

}

.open-button .btn {



}

background-color: transparent;

border: none;

cursor: pointer;

.open-button .btn:hover {
/*backeround-color: #FA4616;*/
background-color: #£35205;

}

border-radius: 32px;

animation-name: telecomchan;

animation-duration: 0.6s;

@keyframes telecomchan {

0% {

transform:

}
20% {

transform:

}
40% {

transform:

}
60% {

transform:

}
80% {

transform:

}
100% {

transform:

rotate(0);

rotate(15deg);

rotate(-15deg);

rotate(0);

rotate(15deg);

rotate(0);
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@media only screen and (max-width: 768px) and (min-width: 320px) {

.chat-popup {
height: 50%;
width: 100%;
bottom: 0;
right: 0;

}

header {
width: 50%;

}

telecomchan {
width: 60%;
height: 30%;
bottom: 25%;

}

.show-input {

bottom: 75px;

}

@media only screen and (max-width: 1365px) and (min-width: 769px) {

.chat-popup {
height: 49%;
width: 45%;
bottom: 3%;
right: 1%;

}

telecomchan {
width: 90%:;
height: 40%;
bottom: 25%;
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.show-input {

bottom: 100pXx;

}
@media only screen and (min-width: 1366px) {
.chat-popup {
/* height: 42%; */
height: 50%;
/* width: 27%; */
width: 27%;
bottom: 3.5%;
right: 1%,
}
telecomchan {
width: 80%;
height: 40%;
bottom: 25%;
}
.show-input {
/*bottom: 80px;*/
bottom: 120pXx;

}
.chat-popup {
display: -webkit-Flex;
background-color: #FF9270;
display: none;
grid-template-rows: 10% 40% 20% 30%;
position: fixed,
border: none;

backdrop-filter: blur(10px);



}

box-sizing: border-box;

border-radius: 32px;

.header {

top: 0;

right: 0;

background: #FA4616;
padding: 0.15rem;
position: fixed;

display: flex;

height: 2.6rem;

box-sizing: border-box;
backdrop-filter: blur(10px);
border-radius: 32px;

.how2use-btn {

}

background-color: #1d3557;
padding-left: 15px;
padding-right: 15px;
font-size: medium;
text-alien: center;
flex-grow: 1;
border-radius: 32px;
margin: 0.2rem;
cursor: pointer;
/*opacity: 0.85;*/
border: none;

color: white;

.cancel-btn {
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text-align: center;
background-color: #ffclcb;
/*padding: 0.3rem;*/
border-radius: 100%;
margin: 0.1rem;
cursor: pointer;
border: none;
filter: contrast(150%);
}
.cancel-btn:hover {
background-color: white;
}
Jhow2use-btn:hover {
background-color: white;
color: #003A6A;
}
display-show-output {
position: fixed;
display: flex;
box-sizing: border-box;
margin: 0% 10% 0 0;
}
/* width */
.show-output::-webkit-scrollbar {
width: 13px;
}
/* Track */
.show-output::-webkit-scrollbar-track {
box-shadow: inset 0 0 5px grey;
border-radius: 10px 80px 80px 10pX;
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/* Handle */
.show-output:-webkit-scrollbar-thumb {
background: #1d3557;
border-radius: 10px 80px 80px 10pX;
}
/* Handle on hover */
.show-output:-webkit-scrollbar-thumb:hover {
background: #1d3557c7,
}
.show-output {
flex-grow: 1;
position: fixed;
background-color: rgb(255, 255, 255);
color: black;
padding: 15px 15px;
border-radius: 30px 25px 25px Opx;
box-shadow: 5px 5px 15px 2px rgba(o, 0, 0, 0.2);
width: fit-content;
text-overflow: clip;
overflow-y: auto;
word-break: break-word;
text-align: start;
font-family: 'Mitr', sans-serif;
font-size: 16px;
margin-top: 15%;
margin-left: 39%;
margin-right: 10%;
line-height: 1.55;
height: fit-content;
}

.show-input {
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flex-grow: 1;
display: none;
position: fixed;
background-color: white;
color: black;
padding: 15px 15px;
border-radius: 25px 30px Opx 25px;
box-shadow: 5px 5px 15px 2px rgba(0, 0, 0, 0.2);
width: fit-content;
text-overflow: clip;
overflow: auto;
word-break: break-word;
text-align: end;
font-family: 'Mitr', sans-serif;
font-size: 16px;
margin-top: 13%;
margin-left: 339%,;
line-height: 1.55;
right: 9%;

}

.showTelecomchan {
width: 100%;
height: 100%;
position: fixed;
margin-top: 20%;
display: flex;

}

telecomchan {
background-image:

url('https://res.cloudinary.com/dgumpoqcu/image/upload/v1678897044/hi1_0000 1 |
ukgiv.gif);
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background-position: left;
background-size: contain;
background-repeat: no-repeat;
filter: contrast(110%);
position: fixed,
flex-grow: 1;
box-sizing: border-box;

}

footer {
bottom: 0;
left: O;
right: 0;
background: #FA4616;
padding: 0.25rem;
position: fixed;
display: flex;
height: 3.5rem;
box-sizing: border-box;
backdrop-filter: blur(100px);
border-radius: 28px;
width: 100%;

#form {
flex-grow: 1;
box-sizing: border-box;
display: flex;
width: 100%;

}

#input {

flex-grow: 1;



}

border: none;
border-radius: 2rem;

margin: 0.25rem;

#input:focus {

}

outline: none;

padding: 0 lrem;

#form>button {

}

padding-left: 20px;
padding-right: 20px;
background: #333333;
border: none;

margin: 0.25rem;
border-radius: 32px;
outline: none;

color: #fff;

cursor: pointer;

filter: contrast(150%);

outline: 2px solid black;

#form>button:hover {

}

opacity: 1;
filter: contrast(100%);

.speechbtn:hover {

}

opacity: 0.8;

.speechbtn {

text-align: center;

font-size: large;
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}

padding-left: 7px;
padding-right: 7px;

opacity: 1;
background-color: #ededed,;
outline: 2px solid red;
margin: 0.25rem;
border-radius: 32px;

border: none;

cursor: pointer;

flex-grow: 1;
animation-name: recording;
animation-duration: 2s;
animation-play-state: paused;

animation-iteration-count: infinite;

@keyframes recording {

0% {
backeground-color: #ededed,;
outline: 2px solid red;
filter: contrast(150%);

}

25% {
background-color: red;
outline: 2px solid #ffffff;
filter: contrast(130%);

}

50% {
background-color: #ffffff;
outline: 2px solid red;

filter: contrast(130%);
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75% {
background-color: red;
outline: 2px solid #ffffff;
filter: contrast(130%);

}

100% {
backeround-color: #ffffff;
outline: 2px solid red;

filter: contrast(130%);

}
</style>
</head>
<body>
<!-- Open pop up chat -->

<div class="open-button" id="greeting">
<button class="btn" onclick="openForm()">

<h3>Ask Me Questionl</h3>

<img
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src="https://res.cloudinary.com/dgumpoqcu/image/upload/v1676825597/png_fy5ezk.p

ng"

style="width:100%; height:auto;">

</button>

</div>

<! Chatting form

<div class="chat-popup" id="myForm">

<I-- Exit popup chat button—->

<div class="header">

<button class="how2use-btn">35491u</button>

<button type="button" class="cancel-btn" onclick="closeForm()">

<b style="font-size:18px"> X </b>




</button>
</div>
<l-- Show output —->
<div class="display-show-output">
<div class="show-audio">
<audio autoplay id="audioPlayer">
<source src="" type="audio/mpeg">
Your browser does not support the audio element.
</audio>
</div>
<div class="show-output">
<span id="APlanswer"></span>
</div>
</div>
<l-- Show input -->
<div class="showTelecomchan">
<div class="telecomchan"></div>
<div id="result" class="show-input"></div>
</div>
<l-- input field -->
<div class="footer">
<form id="form">
<input id="input">
<button>Send</button>
</form>
<button class="speechbtn" id="speech"></button>
</div>
</div>
<script src="/socket.io/socket.io.js"></script>

<script>
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function openForm() {
init_msg.innerHTML = "aafAz floglsavauioamaneudaiong'
document.getElementByld('APlanswer').appendChild(init_msg);
document.getElementByld("myForm").style.display = "block”,
show_output.style.marginTop = '15%;
show output.style.marginLeft = '39%)
show_output.style.width = 'fit-content’;
show_output.style.height = 'fit-content,
show output.style.borderRadius = 35px 30px 30px Opx;
show_input.style.display = 'none'
telecomchan.style.marginLeft = '2%,;

}

function closeForm() {
document.getElementByld("myForm").style.display = "none";
req_msg = null;

text = ";

const record = document.createElement("p");

record.innerHTML = .
document.getElementByld("speech").appendChild(record);
window.addEventListener("DOMContentLoaded", () => {

const button = document.getElementByld("speech");

const speechbtn = document.querySelector(".speechbtn”)

const result = document.getElementByld("result");

let listening = false;

const SpeechRecognition = window.SpeechRecognition ||

window.webkitSpeechRecognition;
if (typeof SpeechRecognition !== "undefined") {
let req_msg ="

const recognition = new SpeechRecognition();



recognition.lang = 'th-TH}

const stop = () => {

}

recognition.stop();

button.textContent =" . WA % Y
emit(req_msg)

//console.log(‘req msg: ${req_msg})
speechbtn.style.animationPlayState = 'initial’;

speechbtn.style.animationlterationCount = '0';

const start = () => {

%

recognition.start();

button.textContent =" . %
result.style.display = "none";
speechbtn.style.animationPlayState = 'running’;

speechbtn.style.animationlterationCount = 'infinite’;

const onResult = event => {

result.innerHTML = "";
for (const res of event.results) {

req_msg = res[0].transcript;

const text = document.createTextNode(res[0].transcript);

const p = document.createElement("p");
if (res.isFinal) {
p.classList.add("final");
}
p.appendChild(text);
result.appendChild(p);
}
//console.log(result);

result.style.display = "block";
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recognition.continuous = true;
recognition.interimResults = true;
recognition.addEventListener("result", onResult);
button.addEventListener("click", event => {
listening ? stop() : start();
listening = llistening;
b;
}else {
button.remove();
const message = document.getElementByld("speech”);
message.removeAttribute("hidden");

message.setAttribute("aria-hidden", "false");

b;
[ Y — greeting

const greeting = document.getElementByld('sreeting),
const init_ msg = document.createElement("p");
const telecomchan = document.querySelector(".telecomchan")
const how2use _btn = document.querySelector('.how2use-btn’;
const show_output = document.querySelector('.show-output);
const show input = document.querySelector('.show-input);
//How to use btn
let btn_event = true;
const btn_1stEvent = event => {
init_msg.innerHTML = "38n13ldeu: aaanunsaaumeuainnisiiurivsennfls
Fafl<uls<li>annsafuinusiniuuaznaty Send wioaenn Enter Ald</li><li>au130
frnudededldlasnisnat Record nsduansfionasnadnadadofesnven
Ni></ubtauugin: mnlianunsaldlulasinulalinsianiseugrfnisdidslulasinuves
Web Browser";
document.getElementByld('APlanswer').appendChild(init_msg);
show_output.style.marginTop = '12%



}

show_output.style.borderRadius = '20px’;
show output.style.width = '57%/,

show output.style.height = '60%;
show_output.style.display = 'block;
show input.style.display = 'none’;

show output.style.marginLeft = '33%);

telecomchan.style.marginLeft = '0%/,

let text = null;

const btn_nthEvent = event => {

if (req_msg) {

show_output.style.marginTop = '15%;
show_output.style.width = 'fit-content’;

show output.style.borderRadius = '35px 30px 30px Opx|;
show_output.style.display = 'block’

show_output.style.height = 'fit-content’;
show_input.style.display = 'block’
//show_output.style.overflow = 'auto’;
//telecomchan.style.marginLeft = 2%

init_msg.innerHTML = text;
document.getElementByld('APlanswer').appendChild(init _msg);

}else {

init_msg.innerHTML = "a¥afAz florlsavauioamaneudaiong'
document.getElementByld('APlanswer').appendChild(init_msg);
show_output.style.marginTop = '15%;
show_output.style.marginLeft = '39%),
show_output.style.width = 'fit-content’;
show_output.style.height = 'fit-content’;

show output.style.borderRadius = '35px 30px 30px Opx;
show_input.style.display = 'none'

telecomchan.style.marginLeft = '2%/,
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}

how2use btn.addEventListener('click', async event => {
btn_event ? await btn_1stEvent() : await btn_nthEvent();
btn_event = Ibtn_event

b;

let form = document.getElementByld(‘form’);
let input = document.getElementByld('input);
let req_msg = null
form.addEventListener('submit’, function (e) {
e.preventDefault();
if (input.value ===") {
if (req_msg == null) {
document.getElementByld("result").style.display = "block";
}else {
document.getElementByld("result").style.display = "none";
}
} else {
document.getElementByld("result").style.display = "block”;
//send MSG to server
req_msg = input.value
emit(req_msg)
document.getElementByld("result").innerHTML = req_msg;

input.value =

b;

const client = io();
[/ emit data to server ---——---—--

function emit(input) {
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if (input 1==") {
client.emit('messages', input);
input.value ="
}
//console.log(*ClientID: <${(client.id)}> Request: *, input);
}
client.on('new-message’, (res) => {
text = res;
init._msg.innerHTML = text;
document.getElementByld(‘APlanswer').appendChild(init_mseg);
b;
//greeting
async function greetingfromserver() {
const data = "a YAy flovlsazanuiounaneudulony’
init_msg.innerHTML = data;
document.getElementByld('APlanswer').appendChild(init_msg);
telecomchan.style.backgroundimage =
"url('https://res.cloudinary.com/dgumpoqcu/image/upload/v1678897044/hi1_0000 1 |
ukgiv.gif')"
await client.emit('greetingtext’, data);
await client.on('greeting’, (audioContent) => {
console.log('Greeting Audio:")
console.log(audioContent)
greeting.addEventListener('click’, async () => {
const arrayBuffer = new Blob([audioContent])
const audio = document.getElementByld(‘audioPlayer);
audio.src = URL.createObjectURL(arrayBuffer);
audio.style.display = 'none’;
const playPromise = audioPlayer.play();
if (playPromise !== undefined) {
playPromise.then(function () { // Automatic playback started!
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const myaudio = document.getElementsByTagName("audio")[0]
const durationTime = myaudio.duration.toFixed(0)
//console.log(durationTime)
telecomchan.style.backgroundimage =
"url('https://res.cloudinary.com/dgumpogcu/image/upload/v1678897044/hi1 0000 1 |
ukgiv.gif')";
const timerld = setinterval(function () {
telecomchan.style.backgroundimage =
"url('https://res.cloudinary.com/dgumpoqcu/image/upload/v1678897044/hi1_0000 1 |
ukeiv.gif')";
if (Number(myaudio.currentTime.toFixed(0)) ===
(Number(durationTime) - 1)) {
//console.log("loop done...", myaudio.currentTime)
telecomchan.style.backgroundimage =
"url(https://res.cloudinary.com/dgumpogcu/image/upload/v1678897045/Default 1 00
00 ynugdd.gif)";
clearinterval(timerld);
}
}, 1000)
}.catch(function (error) {/*Automatic playback failed.*/ });

greetingfromserver()

//answering

client.on('speech-audio’, async (audioContent) => {
console.log('Answer Audio:")
console.log(audioContent);
const arrayBuffer = new Blob([audioContent]);

const audio = document.getElementByld(‘audioPlayer);
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audio.src = URL.createObjectURL(arrayBuffer);
audio.style.display = 'none’;
const playPromise = audioPlayer.play();
if (playPromise !== undefined) {
playPromise.then(function () {
const myaudio = document.getElementsByTagName("audio")[0]
const durationTime = myaudio.duration.toFixed(0)
telecomchan.style.backgroundimage =
"url(https://res.cloudinary.com/dgumpoqcu/image/upload/v1678897044/answer 1 00
00_frtllh.gif')’
const timerld = setinterval(function () {
telecomchan.style.backgroundimage =
"url(https://res.cloudinary.com/dgumpogcu/image/upload/v1678897044/answer 1 00
00_frt1lh.gif)"
if (myaudio.currentTime.toFixed(0) === durationTime) {
telecomchan.style.backeroundimasge =
"url(https://res.cloudinary.com/dgumpogcu/image/upload/v1678897045/Default 1 00
00 ynugdd.gif')
clearlinterval(timerld);
}
}, 1000)
}.catch(function (error) {

// Automatic playback failed.

</script>
</body>
</html(>



174

AMANUIN Y

Tusunsudmsuiudsnes



175

require('dotenv').config();
const express = require('express’);
const app = express();
const http = require('http’);
const server = http.createServer(app);
const { Server } = require("socket.io");
const io = new Server(server);
const fs = require(fs);
const path = require('path’);
const pub = path.join(__dirname, 'Public’);
const PORT = process.env.PORT || 5000;
const textToSpeech = require('@google-cloud/text-to-speech’);
const client = new textToSpeech.TextToSpeechClient();
app.get(/, (req, res) => {
//res.sendFile(path.join(pub, index.html))
const stream = fs.createReadStream(path.join(pub, 'index.html));
stream.pipe(res);
io.on(‘connection’, async (socket) => {

console.log(")

console.log(' )
console.log("a user connected: ${(socket.id)});
console.log('Client ip address: ' + socket.handshake.address);

console.log('Date-time: ' + socket.nandshake.time);

console.log(' )

console.log(")

socket.on('disconnect’, () => { //client disconected
console.log("user disconnected: ${(socket.id)});

b;

//for TTS greeting

async function synthesizeSpeech(text) {



}
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const request = {
input: { text },
voice: { languageCode: 'th-TH', ssmlGender: 'NEUTRAL' },
audioConfig: {
audioEncoding: 'MP3/,
pitch: 6,
speakingRate: 1.1

Iy
const [response] = await client.synthesizeSpeech(request);
const audioContent = response.audioContent;

socket.emit('greeting', audioContent);

socket.on('greetingtext’, (text) => {

D)

synthesizeSpeech(text);

const url = 'https://telecom-ga-app-oiobzs2epa-as.a.run.app/predict’;

const options = {

%

method: 'POST,

headers: { 'content-type": 'application/json’, }

//req question from client

await socket.on('messages’, (msg) => {

console.log("User <S${(socket.id)}> request =>", msg);
options.body = {"text":"${msg}'}’;
fetch(url, options)
then(res => res.json())
then(async json => {
if (typeof json.answer !== "undefined") {
const text = json.answer + ‘ﬂ'z‘;

await synthesizeSpeech(text)



await socket.emit('new-message’, (text)); // answer and audio to
client
async function synthesizeSpeech(text) {
const request = {
input: { text 1,
voice: { languageCode: 'th-TH', ssmlGender: 'FEMALE' },
audioConfig: {
audioEncoding: 'MP3,
pitch: 6,
speakingRate: 1.05

B
const [response] = await client.synthesizeSpeech(request);
const audioContent = response.audioContent;
socket.emit('speech-audio’, audioContent);
}
}else {

await console.error(‘error:' + " Endpoint Crashed");
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await socket.emit(new-message', ‘veasiglunulidazain ewineglu

msil%’wqqswm}"amnﬁz'); // answer to client
await synthesizeSpeech(veafelunnulsiazain iesaneglunis
UsuUgeszuuinasey)
async function synthesizeSpeech(text) {
const request = {
input: { text },
voice: { languageCode: 'th-TH', ssmlGender: 'FEMALE' },
audioConfig: {
audioEncoding: 'MP3',
pitch: 5,
speakingRate: 1.05
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Iy
const [response] = await client.synthesizeSpeech(request);
const audioContent = response.audioContent;

socket.emit('speech-audio’, audioContent);

)
.catch(err => {
console.error(error:' + err);
socketernnCnevv¢nessage2‘maaf&ﬂuﬂaﬂmlﬁazmaﬂLﬁaQQWﬂagiuﬂWi
U%ﬂﬂqﬂisuu%ﬁﬂswaﬁzﬁ;A’anﬁNerU>cUent
synthesizeSpeech(voastluanulilazaan lesaneglunsuiuussszun
Frnsmay)
async function synthesizeSpeech(text) {
const request = {
input: { text 1,
voice: { languageCode: 'th-TH', ssmlGender: 'FEMALE' },
audioConfig: {
audioEncoding: 'MP3/,
pitch: 5,
speakingRate: 1.05

Iy
const [response] = await client.synthesizeSpeech(request);
const audioContent = response.audioContent;

socket.emit('speech-audio’, audioContent);
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server.listen(PORT, () => {
console.log("Express Server Listening on ${PORT});

D;





