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Abstract

This research aimed to: 1) investigate the current situation and needs, and synthesize learning
management approaches that promote computational thinking among undergraduate students; 2) develop
a learning model that enhances computational thinking through cognitive coaching within a ubiquitous
learning environment; and 3) evaluate the effectiveness of the developed model. The study employed a
three-phase research and development (R&D) design consisting of: 1) analysis of the current situation, needs,
and synthesis of learning management strategies; 2) model development and expert validation; and 3)
implementation with a target group. The research instruments included a needs assessment questionnaire,
synthesis record forms, in-depth interview protocols, model evaluation forms, a ubiquitous learning system,
a computational thinking test, and a satisfaction questionnaire. Data were analyzed using mean, standard
deviation, Priority Needs Index (PNI), and t-test.

The results revealed that: 1) the current state of learning management was at a moderate to low
level, whereas students’ needs were high to very high across all aspects. The synthesized approach
emphasized active learning through problem-based strategies, flexible technology integration, cognitive
coaching, and comprehensive assessment aligned with core computational thinking components; 2) the
developed learning model comprised four components and was evaluated at a high level of
appropriateness (X=4.31, S.D. = 0.47); and 3) the ubiquitous learning system demonstrated high efficiency
(86.72/88.62). Students’ post-test computational thinking scores were significantly higher than their pre-test
scores at the .05 level of significance. Furthermore, students’ satisfaction levels were significantly higher

than the predetermined criterion of 4 at the .05 level of statistical significance.

Keywords: Computational Thinking, Cognitive Coaching, Ubiquitous Learning Environment, Learning Model

Development
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Abstract

This research aimed to 1) develop program-type video content to promote football awareness on
the TikTok platform of FM99 Active Radio, 2) evaluate the quality of the developed video content, 3) assess
the level of awareness among the sample group, and 4) evaluate the satisfaction of the sample group
toward the program-type video content promoting football awareness on FM99 Active Radio’s TikTok
platform. The sample group consisted of 40 individuals who followed the TikTok page of FM99 Active Radio.
They were selected through convenience sampling from the followers who had viewed the program-type
video content and voluntarily responded to the questionnaire. The research instruments included
1) program-type video content promoting football awareness on FM99 Active Radio’s TikTok platform,
2) a content and media quality assessment form, 3) an awareness assessment form, and 4) a satisfaction
assessment form. The statistical methods used in the study were mean and standard deviation.
The research findings were as follows: 1) Five program-type video content episodes were successfully
developed, 2) The content quality was rated at a good level ( X= 4.46, S.D. = 0.71), and the media
presentation quality was rated at a very good level (X= 4.53, S.D. = 0.73), 3) The level of football awareness
among the sample group was rated at the highest level (X= 4.59, S.D. = 0.69), and 4) The satisfaction level

of the sample group toward the video content was rated at the highest level (X= 4.67, S.D. = 0.55).
Keywords: Video Content, Football, TikTok Platform
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nMeidendslifngusrasdifie 1) Wisuiflsulseansninaesdaneiiunsdnmauilneveslauss
Inlnetduwaad (PyThaiNLP) Tauwn win@duuunds (MM), TusindTuuunds (NewMM) Lavaodnas Linda
(Longest) 37uAUNTAUAIMEA (Stopword) 310 PyThaiNLP UagAMeavaddiIve wag 2) Useilluusednsam
Y8 UUINE0 Lawn W1dniug (NB), Sinsaduladadn (LR), Tnnasninaasuuydy (SVM) wagmiigainudnsyey
g12-svordu (LSTM) lumssuunanudadiureslfueundinduinden afffldlunisinmeildun anugnies
(Accuracy), AL a wen (Precision), 31117 (Recall), Az uuLan iy (F1-score) kagiaan (Training Time)
nauiegliundeyanuAniiiugiuam 5,519 5781137970 Google Play Store wan153demuin 1) Sane3iiunis
Faruuy NewMM Tnadnsafian Taofien Accuracy 83.52% uay fin Fl-score 83.06% 2) LuuT1a8a NB

Inadnsgeanlunnau Ined a1 Accuracy 83.73% uay Fl-score 83.43% 3) n15liaur1vgn (Stopword)

9 5 @
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TinaansAafgalunnnsd wansliiuindanesfiudaduaznisavdmeainadoussd@niamveinisinsig
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o o

ANUARLTIUBE st dA DY
AEARY: N15UTUIBNANTYISTINYIR, MTAATIZRANLAALAY, danesTiudadniwing

Abstract

The purposes of this research were to: 1) compare the performance of Thai word segmentation
algorithms provided by the PyThaiNLP library—namely Maximum Matching (MM), New Maximum Matching
(NewMM), and Longest Matching (Longest)—in combination with stopword removal using both PyThaiNLP

stopwords and researcher-defined stopwords; and 2) evaluate the performance of classification models,
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including Naive Bayes (NB), Logistic Regression (LR), Support Vector Machine (SVM), and Long Short-Term
Memory (LSTM), for sentiment classification of TikTok application user reviews. The performance metrics
used in this study were accuracy, precision, recall, Fl-score, and training time. The dataset consisted of
5,519 user review comments collected from the Google Play Store.

The results indicated that: 1) the NewMM word segmentation algorithm achieved the best
performance, with an accuracy of 83.52% and an Fl-score of 83.06%; 2) the Naive Bayes model
demonstrated the highest overall performance, yielding an accuracy of 83.73% and an F1-score of 83.43%;
and (3) retaining stopwords (i.e., not performing stopword removal) consistently produced the best results
across all experiments. These findings highlight that both word segmentation algorithms and stopword

handling strategies significantly affect the performance of Thai sentiment analysis.
Keywords: Natural language processing, Sentiment analysis, Thai word segmentation
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Tugaddsa msdearsvesnyudliuasunladluannsmudslnensandunsindeiumaluladuas
uwnanvlesuooulatsing q Tnslowgluvsemalneidsannslinudumosidniuainlnuogluseiugs dwali
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varnvane ieamuaulauaznndidangadivangldeg1efiussansam Jagiu TikTok Ienaneidundsly
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uutennununedulddfaiuissasewi tadunisuniwdangs vilin1sdas (Word
Segmentation) [7] naneiduduneuiiisnsnalnenseomuudugiveddunaiiasiziaufaiu lausis
PyThaiNLP & wwduiad esdelomugesadmsuuszuiananiwsssueifnreilng ladanssusanesiudaa
T7var8uuu 19U Maximum Matching (MM), New Maximum Matching (NewMM) wag Longest Matching
(Longest) Beurazdanasfiudndnniswarnadnsfunnaneiu [8] Tnea1uides uieatunisdasaiwlng
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Logistic Regression (LR), Support Vector Machine (SVM) ka g Long Short-Term Memory (LSTM) LIW® 1L UN
a & a a a v ew v So L.

AUAALAULTIUINLALLTIAU LAgUTLLIUNARNS AR IR Accuracy, Precision, Recall, F1-score lagszagiian

WenansuIganeinudada1jUiuuladwanonugnied AULlug1v0IuuUTIa0INTdn wara1u1se

Uszgndldivanudinseidonnuniwingluusundy o laegndssdnsam
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1. Wisuilsuuszdnsnmaesdanesiiudaaniwilng 3 wuu laun MM, NewMM uay Longest

2. Usetiuusyansnmuaskuusnase b NB, LR, SYM wag LSTM

e liunsade

Junaunisaniunisidowtsesndu 7 duneu lned1edaunainnszuiunisisuiveunies (Machine
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Learning Process) [9] ai
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. MM [ NewMM J [ LONGEST ]
2) Data Preprocessing and
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Text Representation { Stopword Rentoval ]
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[ (4) Handling Imbalanced J

-
[ (5) Hyperparameter Tuning J GridSearch C'V

I
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1
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1 I
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1

' ]
: } v ! 3
! 1
L [ Best Parameter ] S

A _ J Search Parameter for Modeling L .

(6.2) Model Training [ Logistic ] [ Support Vector ] [ Long Short- J

Regression Machine Term Memory

v v v
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1. nsiiusansaudaya (Data collection)

%@yjam‘fﬂUﬂWﬁ%Qﬂaﬁm%’]ﬂ Google Play Store Ingld Google Play Scraper API [10] %@Haﬂizﬂauw
fe TaAUARLAULAZAZILLLTIY 970U 5,519 1A T8I0 SUIAN W.A. 2566 - NOWNIAU WA 2567

2. mim‘%ﬂwfl’ayjaLLazﬂﬁLL‘Ua\‘ii’J’ammL‘f]unﬂma% (Data Preprocessing and Text Representation)

2.1 mavhenuaze1ndaya (Data Cleaning) vhnnsaudeyafilidndusenitu dearuniwdngy,

AdninuSangy, Snaseiilay “[2NN/H#5%&=0x 5117, e uae 8Tad Emoji) tieandayninsuniu (Noise)
2.2 mstatheriu (Data Labelling) Toinguunsinduinasilunisivun 1-3 @eau d81wau 2,161
YA LAY 4-5 4TUIN 91U 3,358 T9AY

2.3 Msenrn1wng (Thai Word Segmentation) 14 3 danesiiudaan laun udndduuunds (MM),
Tudndtuuueds (NewMM) LavaaunaALunds (Longest) [8]

2.4 nsauAmiEgn (Stopword Removal) 19 PyThaiNLP Stopword 31131 1,030 A1 kazyaf1viegn
A muelasgide duam 194 A1 lunisaudilidonnuvangesnaindeni tilssndmgaiuudldilitog
Tumssuuneumunedeuin-au Smegeuiinsavsarllauiolinszsinansenusiolina (7]

2.5 nsudastennunduinines (Text Vectorization) foanufiiunisdnaudrazgnudaady
nawesiiteltlulunamsiseuivesaies Tagn1svi Bag of Words (BoW) 28 CountVectorizer dmiunuusiass
NB, LR waz SVM d@unuudnass LSTM 14 Keras Tokenizer [7]

3. NsuUsyadaya (Data Splitting)

14381500 uuv Stratified K-Fold Tnginunsiuiugaiy (Fold) wiady 5 1t elsinnyadeya

fimanszaevesnaafiaunaiilunisiinaouuazvaaey [11]
4. Ian15Ugyndayaliauna (Imbalanced Data Handling)
Lﬁ‘jumﬁf{i’mﬂ13ﬁ’usﬁay‘aﬁ'1ﬂamaﬁsm'wmmamaé’wa“ Tagla Synthetic Minority Oversampling
Technique (SMOTE) [12] LﬁaLﬁmﬁmummﬁmﬁm%qaﬂﬁamaﬁummﬁmLﬁuL%ﬂmﬂﬁmmmi’waaa NB, LR wag
SVM Saufumsimunaitiminaana (Class Weight) [13] iitelnlumaldanuddfunanainiisiuiutesuin
Fufu LSTM
5. N15U5UguANISIWas (Hyperparameter Tuning)

14 GridSearchCV iieAumAIMITIAWesTuzauigad1nsukuudnass NB, LR uag SVM 14 Keras

saada

tuner @1USULUUTIG09 LSTM Tagnins1dinesiad qmwﬂmu"dizmwuaqvéfmqﬂimmsﬁwmmLa?{aLLas
THHusunuvedaatuuenmulszsnvvesdmgs
6. nsadauazilnausuluea (Model Training)
AnEuLuUTIaee NB, LR, SVM wag LSTM lagldnisnfiwesimunuuenaiuussnnuesdvgn
7. MsUssiliunauaziUIsuiisulseansnin (Model Evaluation and Performance Comparison)
1953 Samsadalunisiieszviuadng laun Accuracy (R1AAYNABY), Precision (A1AIKINED),
Recall (Aanula), Fl-score (Azuwuuaniu) uag Training Time (S¥agiian) InaloHadnsuasAaguuIaaen

MUTANBINUNTARALALAIVYA
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WNan1539e
1. Nan15eTeUBUUSEANS NNV anaSufnAT lne

danainuanalagld Maximum Matching (MM), New Maximum Matching (NewMM) lLag Longest

v &

Matching (Longest) lngfiansanaawsain Accuracy, Precision, Recall, F1-Score wag Training Time tio3tA31%4

danesfiudadilafiussansnmangalunisiunanufnmiuvesild TikTok uu Google Play Store lagviins

q
v

waguazUSeuisuteyanadaluil

M19197 1 Usgansnimnisanailuisdagdanesiunsanldmvendeiu

4 . o e Avg. Avg. Avg. Avg. Avg. Time
7 AN 2ana3Ind
Accuracy Precision Recall Fl-score (seconds)
MM 0.8191 0.8118 0.8224 0.8139 72.2440
GRVEL
1 o NewMM 0.8360 0.8300 0.8420 0.8320 61.6500
NIY
Longest 0.8356 0.8284 0.8397 0.8309 64.2720
MM 0.8073 0.8005 0.8128 0.8027 85.3780
AvYn
2 NewMM 0.8270 0.8200 0.8320 0.8230 83.1900
PyThaiNLP
Longest 0.8173 0.8106 0.8224 0.8127 105.3000
MM 0.8252 0.8173 0.8279 0.8200 89.0820
laauen
3 NewMM 0.8420 0.8350 0.8450 0.8380 82.6800
neA
Longest 0.8388 0.8309 0.8410 0.8337 79.6900

1nM15197 1 wudlunguitldingavesyide wuindana3fiu NewMM uag Longest fiszansam
AouddlndiAsaiu Ing NewMM 191 Accuracy 1afisagfl 0.8360 dau Longest a8l 0.8356 GavisgAnin MM
og1sTAau (MM = 0.8191) d1m3ue Fl-score Aaenndasiu Iag NewMM agil 0.8320 uax Longest a8l 0.8309
wanslifuinsaosdaneifiuannsadamstunsdadlungudmeaildodvauna dnsunatlunsUszaana
MM Tdannniigelungu (72,2440 3unit) Tuvaeil NewMM Tinatiosiian (61.6500 Fui)

dm¥ungu Amgaves PyThaiNLP nudnalaesiusiniingud ulunndanesdia lasen Accuracy

' £
Saa o

1288799 MM, NewMM L@z Longest aaﬂiﬁ 0.8073, 0.8270 wag 0.8173 @1Ua1IAU &A1 Fl-score mmvﬁqmiuﬂquu
A NewMM %;aaq'ﬁ 0.8230 Lm'ﬁsj”m"”lﬂ’i']ﬁllﬁmﬂﬁwwqmmanﬁ%u%‘aﬂﬁﬂu'a‘uﬁmqm iliiuangadvgn
910 PyThaiNLP anadinendifiannuddeymsensuaieaniianniiuly
Tunsdliliavdmyanuitnalassudfigeluisaungy Tnsamedolddudanaifiu NewMM uas
Longest @sl¥An Accuracy 71 0.8420 uay 0.8388 mua"GU @IuAT Fl-score ¥aa8AND37iN NewMM ol 0.8380

uaz Longest agil 0.8337
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dano3fiu | Avg. Accuracy | Avg. Precision | Avg. Recall | Avg. Fl-score | Avg. Time (seconds)
MM 0.8172 0.8099 0.8210 0.8122 82.2347

NewMM 0.8352 0.8279 0.8395 0.8306 75.8384

Longest 0.8305 0.8233 0.8344 0.8258 83.0867

q

1NN 2 WUddane3iiu MM dA1iade Accuracy gl 0.8172 uag Fl-score 1 0.8122 Fea#ian
lungudanesiinrisauuuy wandliiiuinnsdadlagldndnnisasdunsanealdmunegiutoyaninnududou
wiu Forruarnunasvesuludeafidniinsaznadia Tdaldiduninis wiefildeglunawiunsuuuuiaiy

wennil MM deldialunisuszananaiadogeiiagn (82.2347 Juni)

4

o [ ax Aa

dwiusaneifiu NewMM dafudanesfiufiinisusuussain Mv Tnesnldnisussifiuvansfiamauas
Benwadwifumnzaniian uandiiiuisszansnmdiadianlunndadin Taedl Accuracy iy 0.8352 uas
Fi-score atffi 0.8306 Fadurrgsiianlundu waglfinaadslumsyssinanaadedios 75.8384 Jundl Jasani
1314 MM Fsuanslifiiufiannuanansnves NewMM lunsdndldog1s8ane unazaanadasfudnumuzves
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v a

dmiudanaifiu Longest JudondArigiiigalunauiynsunauy darssdnsanlagsivegluseavd

12w 1

1ny Accuracy 8¢l 0.8305 way Fl-score Wiy 0.8258 F461n31 NewMM 1dntae uindiginin MM dafveq

Longest ApmnuanunsatunsanA1eivisea1sinlautug
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. MM
0.85 4 —8— NewMM
e | O EST
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=
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Evaluation Parameters

JUN 3 LWSBULTgUUSEANEATvBILsAL BAND I INARA

93N 3 wuIrdanasfiudadl NewMM liuszansamanigalunndad dauanddviiudsanuaiuisa

199 NewMM lunsdndiniwlvedugadoyaluanddeliiluedsivazaonadesiudnuasrosn visssui

Pranvany

2. {aN15UsENUUTE AN NNV ILUUINGDY
mMyUseidiulsyansninvesiuudnassldimdin lawn Accuracy, Precision, Recall, F1-Score Wag Time

AN5199 3 NaN1SKUSEULEUUSEANS A NUB LUV MUNANUAALTIY

LUUAN889 | Avg. Accuracy | Avg. Precision | Avg. Recall | Avg. Fl-score | Avg. Time (seconds)
NB 0.8373 0.8329 0.8484 0.8343 0.0111
LR 0.8285 0.8196 0.8276 0.8225 0.9491
SVM 0.8163 0.8087 0.8194 0.8113 1.9806
LSTM 0.8285 0.8202 0.8311 0.8234 318.6100

9nA3197 3 wud1 NB Taivlusumnmislunsiinluea Maaededies 0.0111 3uil deseunisin
Tnadesfigailoisuiulinnadug fuuszansnin NB fie1 Accuracy 1fs 0.8373 uawdlen Fl-score 71 0.8343
gefigelunnlaiea dauen Precision = 0.8329 Wag Recall = 0.8484 Fsfioingunnivuiuuandliiifiuin NB ansn
FuunanuAniuldisaesnaraldududiuazsangs murantuszuuiidosnisanuiige uazidedin
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Tuduves (R finnuaunassinsssaninmuazanuds Taeiien Accuracy 10ae 0.8285 way Fl-score
71 0.8225 #i1n31 NB Wdnvfee wififednegluszduildanldd Inslawzluszuuiidesnsnnusuazannuusiug,
Ununans /1 Precision (0.8196) uaz Recall (0.8276) agluszsivd wagldanlunisilniede 0.9491 3undt 15andn SVM
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Tuvaued swM Adeuldluaudwundemnusisnisuentoyaidadunazlsidady a1 Accuracy
\@a 87 0.8163, Precision = 0.8087, Recall = 0.8194 uag Fl-score = 0.8113 #1n11 NB waz LR wazldiian
Tumsiinuundmnuuudiass (ade 1.9806 undl) FeenalsimnzAunuiidesussunanaimieiidoyadiuiuan
wiu Msldanuluszuusealnivieluugdueundindu

Tuvauzil LSTM Fadunuudiassdriu (sequential model) #aglunga Neural Network fif1 Accuracy
\RABTl 0.8285 WinfUvaa LR uagAInin NB way Fi-score wandl 0.8234 flA Recall ladnil 0.8311 laggsnin SVM
waz LR 1dndes wandliiiudnfauaiusolunsdunaanailiaunaldd udldiaarlunisilndgeunn
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dsunauazafiusenanisidY

nansiteuandiiiiuinsaneifiudnd NewMM lrir1uszansanlassuddian Inediaads Accuracy
|28y 0.8352 waw Fl-score 1ady 0.8306 43gand s MM uag Longest uazdsldinarlunisusssnanatosiian
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NB LT unuudaesdifian THnanadewiios 0.0111 undl deseu Fadniwnlumafiiuniuieuiiou ua
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Meduifiinguszasdiile 1) Anwiszuumsvudeduduazuuimieansnanudunistagiuresuisn
ABC 911in IngUszendliiuifa Vehicle Routing Problem (VRP) 2) ﬂ%’uﬂ;uﬁumwuddLﬁaammméw%ﬂ LYY
uaznalun1sinaaduen 3) améfunm%amﬁqLLazmsqzylﬁaiamaiuﬁmﬁuq way 4) WeSeuisuusyansnm
AeularndInsuiusadunisie VRP 1adeailedldluniside léun 1) Wsunsy VRP iluindosdlendnitlily
nseonuuudulfmyaunasiiusyAniningean 2) Microsoft Excel Hifudayafiugu wu sedeqndadud
A sreEne USHaEUm uazANE1TluNITUTINYeLsH 3) WHugiifinauan (Fishbone Diagram) 1¥iiAsney
mamnvesdym nansidenuindywndn lawn aawuaid dunmesndou LazsuUTigs InNHaNSANY AR
AL UININITIHUL AU eanTEaENUdIr aLRaUIN 17,171 Alawuns wids 15,505 Alawns
AaLdunisanas 1,666 Alaluns u3eUszaIal 9.7% aAd1uIuiB29n 240 WA 196 50U anduNuLoINES
M 10,712.38 Uwaiieu waziiuussAnBninesmmesnszuaumsvuds dealigndnfinnufinelaundy
o Aoy |

IMNNTTRAINTIASAz KU AT dTlRviuIwmaTan T AkazuUTE AN nwanunsatun ensesiu

AsUSMsladafndlaeg1eliusyansra

AAAgY: NMITALEUNISIaVLES (VRP), n133an1sladafnd, UssAnSainn1suuas, n19919unulduni
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Abstract

The purpose of this research is to: 1) study the current transportation system and route planning
practices of ABC Company Limited by applying the Vehicle Routing Problem (VRP) concept; 2) improve
transportation routes to reduce delays, distance, and delivery time; and 3) reduce fuel costs and
opportunity losses in other areas. The tools used in this study include: 1) VRP software, which serves as
the primary tool for designing optimal and efficient delivery routes; 2) Microsoft Excel, used for storing
basic data such as delivery points, coordinates, distances, shipment volumes, and vehicle capacities; and
3) the Fishbone Diagram, which is used to analyze the root causes of problems. The research findings
revealed that the main issues include delays, redundant routes, and high costs. The results of the study
showed that the newly designed route planning approach reduced the monthly transportation distance
from 17,171 kilometers to 15,505 kilometers, a reduction of 1,666 kilometers, or approximately 9.7%.
The number of trips decreased from 240 to 196, fuel costs were reduced by approximately 10,712.38 Baht
per month, and overall transportation efficiency was improved. This led to greater customer satisfaction
due to faster and more accurate deliveries. This research demonstrates that analytical techniques and

efficiency enhancement tools can effectively elevate logistics management performance.

Keywords: Vehicle Routing Problem (VRP), Logistics management, Transportation efficiency,

Route planning
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Abstract

This research aimed to 1) study the student grouping process using the K-Means Clustering
technique, 2) develop a Decision Tree model for club recommendation, and 3) evaluate the effectiveness
of the clustering process and the club recommendation model. The sample consisted of 171 undergraduate
students from Southeast Bangkok University, selected using a simple random sampling method. The
instrument was a questionnaire that was content- validated by three experts. The statistical analysis
employed Label Encoding, K-Means clustering analysis, and determination of the optimal number of
clusters using the Elbow Method, Davies-Bouldin Index, and Calinski-Harabasz Index.

The results revealed that 1) the optimal number of clusters was four, 2) each group of students
exhibited distinct interests and skills, and 3) the Decision Tree model achieved an average accuracy of 0.89,
indicating high predictive accuracy. Machine learning (ML) techniques significantly improved the accuracy of
grouping students and recommending clubs suitable for their interests. These findings suggest that machine
learning techniques can effectively enhance personalized club recommendations and foster student

engagement.
Keywords: Student clustering, K-Means, Decision Tree, Club recommendation
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nau (rdawned) Wilndidssiuluusasiuuagyie 3 50U (repeated CV) LlaladsnuiurIuIINnsduLUsToya
srgaunarduan Laﬁ"‘a + Ehmﬁ'mmummgm U89 Accuracy, Precision, Recall Wag F1-Score uaﬂ%m‘f‘:
Wisuiflsudy baseline (1Wu Mdwuniuuhusnguiinuysesdig) [20] Weduduilueaiussansaimgania
Aituguegditdfy
5.5 nMsUSuuaslawesnisiines (Hyperparameter Tuning)
K-Means: 19¢i1 K=4 (39nn15Uszidu Elbow, DBI, CHI Uagia1sauuiunteya) WSouR9An n init
(1t 10-20) wa max_iter (Wu 300) WiieANuIARETVOMAENS a9 Feature Scaling (Asg1uAY Z-score) Triush
wsialSunaunaudangu \inandvinanainaiisnaiu [16] Decision Tree: USuusmnsiiimasaie Grid/Random
Search v%'u criterion € {gini, entropy}, max_depth € {3-15}, min_samples_split € {2, 5, 10}, min_samples_leaf
€ {1, 3, 5} lnsidonyaanitliinaiade F1-Score geamuuyamsIRaou (validation) meld CV e [21]
5.6 N13ARNULAza5UElUAA (Model Interpretability)
affn npnsdadula (f-then rules) Mnlainanuziidadula nieusioanu audnvuegiddy
(feature importance) iloasungmgHavesiuuzthwnsluBsUFoR [22] 1wy
wintnfAnwfianuaulasiuim = el A wasiinegnisieuduiin = el B = wusihngy
gusui/Anenan lnsiaueiegnadunanisdndula (decision paths) 2-3 Wdumadinuldves edaelifiusne
wazfiSeudnlawaznsiaasuld
5.7 Anwawsalunsingn (Reproducibility)
eEAll ANTNLING DUTDNH WIS ‘Vldlisff 2y Python 3.x, scikit-learn, pandas, matplotlib, seaborn
19$%W), random seed 161lY, uag aynIIL (notebook) / ansust AldAiased Tasdnuiulilulassaiilnaines

o

TALaU (W data/, notebooks/, src/, results/) WBWINSYNTIHaNSNIAaBILEYNSASIREABUNBUNTIRaLAIN [18]

5.8 N1INATUINUITUSTIUUALN1IANATASTRYA (Ethics & Data Protection)
AndunMsaunanasesssunsidelunyed (23] loy

1) veanudugeslaviteya (Informed Consent) INKLUNTIMNAY

@

2) iusnwdeyalugy ldszufnu (de-identification) wazidhswalddoya

3

@ @

3) iansidifeyaaneiide warldineingUszasdmadrniswingu

4 UjdEmuszileu/nguineiifeitesiunishuasesdeyadiuynna
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5.9 NINITUUIEANBULNGUNEIN1TINAGENDS (Post-Clustering Profiling)
AendIn1ITAngukardILuna I8 Decision Tree 31AT19 SNWMELAUYDIUAAZNGY Adeaifld
95U LALVIAADUAIINLANAIITENINNAUAIE ANOVA/Chi-square (m1uvTiafauys) Liaduduiuavadaines

o o a

fnanwalauanuaula/Mnveiuanaaiusgsitod Ay deans [24]

Nan133vY
1. wamsfnwnszurumsianguinfnuilagldinalia K-Means Clustering
Tuns3dendedl §396lduaeIslunsmendwungu () Awgandmiunisi K-Means Clustering
1o wA Elbow Method, Davies—Bouldin Index (DBI), Calinski- Harabasz Index (CHI), wa¢ Silhouette Score
WleSeuiisunadnsuasinnsand1fivnzauiian Tngs 198 uumawes Han et al. [6] wuziiimsdendwaungy

MnzaumsinsNaansaInvaeisUsenouiu linsendwnslitvilaiieseduded dwandusui 3-6

Elbow Method (SSE)

55000 -

50000 A

45000 A

Inertia (SSE)

40000 A

2 3 4 5 6 7 8 9 10
Number of Clusters (k)

U 3 wans AT Evisne Elbow Method (SSE)
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$a 70

Davies-Bouldin Index

DBI (Lower is better)
Lol N N N N
© o =) = =
w o w o w

=
©
o

=
©
0

4 5 6 7 8 9 10
Number of Clusters (k)

N
wA

UM 4 nan1531AT1evice Davies-Bouldin Index (DBI)

Calinski-Harabasz Index

CHI (Higher is better)
N N N N w w
o N w ~ o N
S) ] =) ] o n

[
~
w

=
u
<)

3 4 5 6 71 8 9 10
Number of Clusters (k)

Ul 5 wans3iAsgvisne Calinski-Harabasz Index (CHI)

Silhouette Score for different K values

0.17 A

0.16 -

0.15

0.14

Silhouette Score

0.13

0.12

20 25 30 35 40 45 50 55 60
Number of Clusters (K)

sUf
Y

6 HAN15 ALY Silhouette Score
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NANTSILASIEUNUIN Elbow Method T LUTI K=4, ¥ Davies—Bouldin Index (DBI) ¥ bUTi K=8,
a1 Calinski-Harabasz Index (CHI) ua@ Silhouette Score lUN K=2 agslsfiny lafiansansiuiuiadada
wazuSunvestayatindnw Msiden K=4 felmnzauiiga esnnlirusedniamnaunangnsenineaiy

nIetun1elungukaTAMULANAIITENINNEY WalUSeuiuiunsInnguiuy K=2 nuindin1ssiunguindnw

[ ' 1Y)

Addnwaedraiulimedunnifuly mldldawisauenaudnvaziangvesinfnwiwdazngulaeg1ataiau

o
ava v o P

g K=8 uiungudesunniiuliauinanugidoutaze1nden1sianiudlua dslu nmsdenld k=4

Jamngaunign alugeaifuazludnisiluldase wu msnunuiawfanssudnfnunneulandaiuaula
wazAnen nvaLasngulieg1adnLa
Womuuadiuunguf munzadu K=4 udq Tndnwvignuusesnidu 4 nqu lnsusasngy

TanYULRNIEAI
1

= Yy A

Anwnaulamuininazineian

=b
:)E

[AGEY

o = d'

191 2 UnAnwnaulanuivinisuaraly

)

o =2 =

19 3 UnAnwnaulasumalulad

D.

]
JPS0) J:) ) SRS JN.0) I

naud 4 dnfnwtaulamuing aues wazivinig
TaziBynduILLarIeuarvenindnwusazngu fuanslunnsen 1

M19199 1 Pukasiosazvasindnyluudazngy

ngu UIUENITN fovaz (%)
1 41 23.98
2 61 35.67
3 23 13.45
4 46 26.90
37U 171 100.00

v

INANTNI 1 @nsadaTeinudnuasvesindnwiwiavngulanall

aa [ [

1) naudl 1 (41 Ay, 23.98%) drulngidumandga mnauznaluladddianazuinnssy
avaluladansaumneuasiailifsuazdavesn aulafanssudufmuasinenan finverufenisdeasuay
msvhanuduiin Jsaenndasiunuues Arstan et al. [25]

2) nguil 2 (61 AY, 35.67%) fvaneuaznds Tnawmandeannningntes drunnnaglunneTniuay
Ien15dnnTs aulafanssuawirinisiasfaly invsiaufen15AnTIATIZY donnassiu Do and Le [26]

3) Nl 3 (23 Au, 13.45%) dnduajidumene MnruzmaluladAdviauazuinnssy avwalulad
ArNTsugnamnig waznaluladidvia aulafanssudumalulad vinvedufensiaddieseiiazmsldinalulad
Faaenrdatu Zhao [7]

a) nguil 4 (46 Ay, 26.90%) drilvg)dumands anauzladainduaz sty aulefanssunas 1wy

A% AURT LALIVINTG INWLLAUADNITINLRULALNITINNIS @BRAaaINU Guo et al. [11]
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FWENTN
nau 1

41

nau 4 a6 61nqu 2

nqu 3

JUN 7 wanedruuandnluusiasngy

INMFIATRTAUTEUTAEUAINGUA 7 W3 TnAnwIng 4 nguliTuiukasdnyasauiunnieiu

agadaiau lnenguil 2 d5wiudn@nwvinniign (61 au) vauzfinguil 3 fdwauliesiian (23 aw) uaasliiud

q

D

o

AMUNAIN MR8V N LATANNEUl VI NAN Y I UL INGIAY NInuUnWT Inenan Fv1n1s Aady malulad
wazn139aNn1s nadsnanazvieulmiuinindnyiudaznquiigaudsemsiiaunsatluldiluuumislunisuueii

YusUkaENINsTUAwzausalUla

2. manswauilaea Decision Tree dvdumsuuztihvusuiivunzausadnfne
H3Telanan1sdnnguan K-Means uldiduduusidmunelunisasnaluina Decision Tree
HansAsIEINUT Tunaanunsasuuntdndneildegnediuszansam wazeSueiedeiifiavinanenisindulals
oo Taegui 8 wandlassadrsveslung datlatendniiiddvswauniigafio Past Club 1 ddlugadoyatmneds
“gusudunuadlatasinezanzne” fldainnstistamneuvesmiay “ausuiinednan” neuLAnLUS
Tugatiadedu 9 1y wnualunisidenvusy war Wmnelusuianvesin@nw dnvaznsuaninassnain
vilmdlanszuaunsdadulaléddaay wazannsailuvszgndldasdumsuugihssuiivsnzauunin@nwle

YU EHY
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Club_Reason_3 < 14.5
entropy = 1.057

samples = 106
value = [1, 59, 0, 46]
class = 2

5U% 8 lasaasnavedluing Decision Tree

3. wamsUszliuuszinsninvasluiag Decision Tree
wan1sUsziiuU AN nwvesluiaa Decision Tree fauansluansnad 2 wazguil 9 TasTuinadian
Accuracy @iy 0.89 Faeglusziuitmels einnsandusiongu wuin Cluster 3 IszavBangaan
yinda?3n (1.00) aztfeudsnnudmauvestoya vasil Cluster 2 fawifian (0.85) avfioufamududounasdoys
Tunganfu dau Cluster 1(0.88) uay Cluster 4 (0.92) oglussfurouinegslnesiu nan1sinsesiilaenndesiv
910335984 David and Balakrishnan [27] wag Guo et al. [11] 715ufu31 Decision Tree @315 1unYoya

Taegnusiugilaltsiuiu K-Means

A1519% 2 ANUsEANSA Nvedluma Decision Tree

Cluster Accuracy Precision Recall F1-Score
Cluster 1 0.88 0.88 0.88 0.88
Cluster 2 0.85 0.85 0.85 0.85
Cluster 3 1.00 1.00 1.00 1.00
Cluster 4 0.92 0.92 0.92 0.92

Weighted Average 0.89 0.89 0.89 0.89
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Confusion Matrix
10

True label
juno)

2 3
Predicted label

gﬂﬁ 9 Confusion Matrix vadliaa Decision Tree

210301 9 Confusion Matrix aiiuld i lawmaansaduuntnAnwilunga Cluster 3 Tdgniosiamun
wandliFuinguiifidnuusdeyaiitainuuasinadnuuzianiziags aned Cluster 2 fmssuunianainuiniian
agoultifuindoyavesindnvilunduifanuvarnvatsmednumruasnnfngsy Wy anuaulauaziney
Adnsiudeutungudu dwaliveuivnvesngulidatau vililumaiinanuduaulunissiuun danali
AATuLugvesnguiininguBy

og13lsfin WeRiarsandnmgneies (Accuracy) wazAiady Fi-Score Ingsaunuinlumadnceg
Tusgduiiimela wanslifiuinluma Decision Tree annsaduuntindnuldegrsdiuszavsnmlunmsm

NANNTIATIEIRINAIABNAGBIR UIUTTBYRS Arslan et al. [25] finudinisldimadia K-Means uaz
Auldindula (Decision Tree) anunsaduunnauiiseulaeg1sldused@nsan lagiangludtunginssuuas

o a ol

Auaulduyana Faagveudnvurnsiteuiiuandviuvesiseululsazngu

5%
v o a A ) '

wennll nan1sITedaiuayLLUIAAYaY Zhao [7] uay Guo et al. [11] ATINITHAUNAIUIZNINNITIN
nay (Clustering) wazduliidndwla (Decision Tree) Ya8Lfi uAIINLL UE1VD9T8UULULUN (Recommendation
System) le@ 897U nadwsAananuansliiuimmanisAnwaslduuilivaenndosiuauisenounti vislu

Wamadauaglusnunginssuvesisey
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dsunauazafiusenanisidY

an13ideiazoumuasuS UL g Uszassdifuun Heludunisdanguindnw nstamuilng
wuzth wazmsUszidulszansameeding mlesziiiomduiunguilivanzay fesvil Elbow Method,
Davies—Bouldin Index (DBI), Calinski—Harabasz Index (CHI) ag Silhouette Score %1ﬁLﬁuﬁﬁﬁﬂuauﬂduﬁLLmﬂﬁﬂﬂ
fu egrslsAnu eRansanadndideadasauiuaumnzanludsuiunvesteyaindnw wuimisuady
4 ngu (K = 4) Wianuaunaszningunmnsianguuazanuansolunsinmuldiian aonadesiuiuma
Funzdlifldvanesd inszneuiu ladafnislaisnis 6]

anwardwunnguindnwinansliiiiuil n1siangunuy K = 4 @unsadiuunaadnyazianzvesindny

'
&

ogetaavluniazngu Tnengui 1 aulashuiin/anenan laawuinwennsdoansuaznsvinnuduiiu (@eandes
funansfinunfidinfanssunw/deanstisiaiuanssousniedanm) [26] drunguil 2 auladvinmisuazAavs
wuinnluaeuivs/msdanms SuwliudenfanssuioRauinugdndn (@onndosiuauilld K-Means $1uun
awaladnisisoud) [25] naudt 3 aulamalulad/nnsudsdy W uosusiuasing WusiunsAndiszsias
msldnelulad WWeulesiuuwafa Experiential Learning [28] LLazﬂaq':uﬁ" a4 gulananssunay AW-auns-391n19)
WUEUNITIIEL/NSIANTS denAdesiu Humanistic Learning Theory Fiunswmudneninauie [29]
kansUssiiulszavsnmuadlinea Decision Tree fiad1stunnuanisdnnguiindnw wuiilunadienm

\afes lnedlaad e Accuracy/Precision/Recall/F1-Score = 0.89 (Wuugia9uvin) szaungunul Cluster 3

v
@

vil¥geanyndidin (=1.00) vazdl Cluster 2 Angn (~0.85) azvioumnuuAnAafuALTaIuvssdnvadoya
lTuusiasnga nafldenadesiuissmnssudiszyin Decision Tree Tanuusiugfildnuldaiwazfianuldde
Tagomzidleuszgndldsmiunsinnguarevii (27]

wif W37 U796 19U Calinski-Harabasz Index (CHI) %139 Silhouette Score 92 lfig1uaung udu
uinsiden K = 4 fanusnzauiiludeada (gnaenain Elbow wazadvifleglutasi) wasdefiR Ganude
NN enguldaie) muuuidanisldnateinusisiutu (6] uenaininisuau K-Means fu Decision
Tree Sailwild “lnssadrsngu” vesdoua uazngnisdadulafidaauluguuvy if-then Jaanmnsaofunele
(explainable) waziluldldaiduuungaudnw (Adesdeasmmuanisuuzihiuindnu/e191s69Usnw) [27)
Snvadaiifodd i foRiuminerdeannsnthaanissuunngululd 1w senuuvAanssuin@nuuuugath
(targeted) M3dnasInineInsuusunmdadiunvauls nmsldidundosdlowuzuuilurasUgudina/ausnw
(advisory) wazfnmuanuaenndosszning “susuiidon” fu “Wslndarnuaula—nwe” Wissnseiunisidu
SN ANW [25], [26]

uennil nanIdeadsiannsneiuieidmguilain nisussyndléinadia K-Means wag Decision Tree
Trufuluuiunvesszuuuwuzin (Recommendation System) 1 un1suatusgninanisiiouguwuulimdy
(Unsupervised Learning) kagluunfiu (Supervised Learning) 1ay K-Means ﬁwuﬁwﬁ'%’mﬂduﬁﬂﬁﬂmmuﬁﬂwms
wazewanlafindreiu ileanaududeuvesdoya vaefl Decision Tree Yiuihiis uunuazeSureiadodrdy
Tuusagngu Fsdsnaliszuunugihannsalifoiaueiameinngasiuudazyanaldogsiiusyansnm aonndosiu

WUIAAYDY Zhao [7] WA Guo et al. [8] N1 MLAUINNITHANNANUNAT AT 9AD9YI8ENTEAUAIULN U WAL

'
vaa

ANUAILNTOLUATDSUNYNARNSVBITE UUWULLN oA B9TU
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luaninuwingeuass wazaTIvaauANMIIzaNvaINsiuzivu st iaenndesiuauaulaLasinwevesindnw
el wannanasedlinuaineislansoufussssuulifienuusiugual ol daiduss fuamine e

2. msveemslinuszuuliiumhenuiiieades 1wy nesfanisiindnu visealuasin@nw ileltdy
I esfiorasuuzuanindensusudmivindnwiln muksldusznounisnunudafanssnasundngns
Wmngauivdnvasvenin@nyiwiazngy

3. s uufudsesmadansineilumsidsaduioly 1y Jadediuyadnam ussgdla uie
NANISLS U iam??wmaaﬂ%mvﬂﬁﬂmiL%uimaam%‘aﬂ (Machine Learning) 1 9 11 Random Forest, Support
Vector Machine (SVM) 38 Neural Network tilei3oulfisunazifinanuusiudiveslaing

4. psiwuszuulisesiumsldnuaislugduvuivledvieusundiaty e liiinAnwiaiuisansen
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unAnga

nATeilTaUsrasdiiie 1) sonuuuisuAsnanutuasaondeluwesfivmnyautuosdnsuunabnuay
YWIANAN (SMEs) Ingkatunnsgu NIST CSF 2.0 LwiAn Zero Trust kag Defense-in-Depth 2) auuazfnea
ssvudunuulngliiaiosfiolawiuresaluaninuindon Proxmox VE uay 3) Ussiliuuszaviaimuaavsuiidn
fludanadauazanudiiuvangidony ndusossie ifsmganraisafifsdesiuauiiunsaende

U

Towwes $1uau 5 viu wiesilefldlun1sideuseneudae pfoense, Wazuh, OpenVAS, Nmap, Proxmox Backup
Server (PBS) wazuuuUsyifiuanumnzauvesvsuisn afafldlunisiinsizsideya leun Aeds (Mean) uas
drudeauuninsgiu (S.0) an15isemuin 1) wsudniwawuinisldnseu Design Science Research (DSR)
UsenaumeesUsynoundnmuminiiues NIST CSF 2.0 314 6 it (Govern, Identify, Protect, Detect, Respond,
Recover) ansay 3a1n13ia3 oaflelowwugasars 5 sren1sdrdunszuruntsieuldes ey saf 2)
wansUsziiunnamngauveunlsudsnlnefidervigmui fanumnzadlussivannianniian (Aiede 4.76
27N 5.00) ATEUAGHTA 6 ntifividnues NIST CSF 2.0 Tnsulsunsuay SOPs TdAruuugaan (4.84) sosasnile
wuuesu (4.80) wae Runbooks (4.64) wazn1snaaausyuUsiuwuLduuUsEansnwlun U UR aunsoandiuiu
fosluildograiiioddny nrafuuaznevaussdedsanauléiuriad uazussauiimang RTO audifvun uag
3) MIVAFBUITUUAULUUNUTINISNAEUAUNISUSINSInnsAnudesauisaansiuvutedivsldegnaitedfey
ATIRTULATRRVANDIdafuAnAulAviuied wavusTaimunesteriatlunisnisiAu (RTO) ndanislausle
audifmuedsazyiouliiufsanuivszans imuazdneniwlunisuszondldauaiedmiu SMEs uazanusn

soganimuNgsEUURDUALRBRluTAluaUAN
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Adnfgy: NIST Cybersecurity Framework, Proxmox VE, anutaeadenidlaiues, Tewiugesa, Lesvialawdu

Abstract

This research aimed to: 1) design a cybersecurity framework suitable for small and medium-sized
enterprises (SMEs) by integrating the NIST Cybersecurity Framework (CSF) 2.0, Zero Trust principles, and the
Defense-in-Depth concept; 2) develop and deploy a prototype system using open-source tools within a
Proxmox VE environment; and 3) evaluate the effectiveness of the proposed framework in terms of
technical performance and expert judgment.The sample group consisted of five experts from
multidisciplinary fields related to cybersecurity. The research instruments included pfSense, Wazuh,
OpenVAS, Nmap, Proxmox Backup Server (PBS), and a framework suitability assessment form. Data were
analyzed using mean and standard deviation.

The results indicated that: 1) the framework developed under the Design Science Research (DSR)
approach comprised core components aligned with all six functions of NIST CSF 2.0—Govern, Identify,
Protect, Detect, Respond, and Recover—and successfully integrated all five open-source tools into the
operational workflow; 2) expert evaluation demonstrated that the framework achieved a high to very high
level of appropriateness, with an overall mean score of 4.76 out of 5.00, covering all six core functions of
NIST CSF 2.0, where policies and standard operating procedures (SOPs) received the highest score (4.84),
followed by operational forms (4.80) and runbooks (4.64); and 3) prototype system testing confirmed
practical effectiveness, showing a significant reduction in system vulnerabilities, timely threat detection and
response, and successful achievement of the defined Recovery Time Objective (RTO). These results reflect
the effectiveness and applicability of the proposed framework for SMEs and indicate its potential for further

development toward automated cybersecurity response systems in the future.
Keywords: NIST Cybersecurity Framework, Proxmox VE, Cybersecurity, Open-Source, Virtualization

unin
n15.Wasur g sUUATa (Digital Transformation) laas19n151Ud sundasasslngsionseuiunis

anflunureesAnslunnnindiu dmalivoulunveIseuLaTaUNATE18A 1081959015 wagnaliiafun

' v
a v = 1

n15%auf (Attack Surface) indsusgaditedAsy anrunisaldeanmulsvesludagiuianududounassuuss
847y Taslawiznslivndignalue (Valid Accounts) §ananerduteanisnisTaudfinuyssiiandndy 30%
YOIANTTAVILA MUTIBITU IBM X-Force Threat Intelligence Index 2024 [1] vaugiitmanevdnuosmslaus
Fanadulassadrafiugiuiididsy (Critical Infrastructure) Fvadsanuidsmesonmseiiomnsgsia (Business
Continuity) Ingnss [2], [3], [4]

Tuvsunil weluladnesmalawdu (Virtualization) Suduununarswesnisuimssanssyuvansaume
afelusi ndunaneifugeseuddniifuszasdielianuaula Inslawz Hypervisor fivihvthitauauiazuIms

dnnsiaseaiiowisiun 5], [6] ngnlaufdnie avaunsadinuaulaseasaiugiuisssuulaviuil manisal
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nslaufsgusuduwsigadrludgedinives VMware ESXi tanangfianinuUseu1auedssuunangtd [7] wag
Yoav1n ENISA Threat Landscape 2024 §sguguiusuduwisdinadudoanaududunis ndouuualiunisloud
sruuesIalaltuiiingudole [8]

£3 I3 = [

Ke9ANTAEIN1sUSUA AR mUILLINI9NSTasnuigleuaseg9saLiiad kAINNNISNUNIUISTUNTTY

nu1 legduidegdrulvgjind snssvuBamndvdvuinlvg 1y VMware n38 AWS wazviansussynald

1] o

a v v o

AmnzaufueIrnitTosAnEunsnenns Insanzesfnsvuianalsazunges (SMEs) [9], [10] Adeuldszuy
ToLWuwes@a8 19 Proxmox Virtual Environment (Proxmox VE) [11], [12], [13] 95 UIALUINIIT Tl
hm1sgmnmiﬁ’uu1mgmmwuﬁumﬂaaﬂﬁaisﬁumﬂa [14], [15]

NNV TTAgITes nuinflawiseves Grad [16] IadiauauuImanisuseandld NIST CSF 2.0 [17],
[18], [19] $auiulanna Zero Trust [20] dmduasdnslaiuanamiils Fsilunfefidenadesiueised sdrdlsfn
NITeInanduduiinseunndauarmsnarudalouiodundn wardmiansiauesvanseadanain
Tunnsingsldeuase (Technical Implementation) luanmuandouieswalawdy uwuulewiveeda [21], [22),
[23], [24], [25] et mu?ﬁ’aaﬂ’uﬁﬁ@uﬁuﬁ%@uLﬁmfamﬂéﬁ’ﬂﬂa'n (Research Gap) lagiauanyUn1Ives
$1Y3¥ (Contribution) KumsWaMsHAFAANNTUAABAS LU End-to-End ﬁyﬁmmﬁ‘ﬁgn NIST CSF 2.0,
Zero Trust waz Defense-in-Depth 1 ey wararunsatilufindalduldascuuunannesy Proxmox VE

Tneldias oeilelomusosauuunsul9as [26], [27], [28], [29], [30], [31], [32] fatlu suddoaduilslitmune

=

Tun1sRAILINTOUNITALTUIUALLUY (Prototype Framework) [33] id1u150a3195s uufiUaondulayainisa
75799 U-noUANBI-Nuflaag19iuniaef Tngeanwuuliunzauiutasninuad SMEs Laza1u1SanauaUuDIsnant

ananuiissthssuunesmalawdu ldegdiussdnsam

s [ a o

INYUILAIANITINY
1. Wispanuuuwsudsnanutunsasnielauasinenau NIST CSF iU Proxmox VE wagkasadiialamumasa
2. Wanmunarindaszuusunuulneldiasasdlalamugasaluanineinaes Proxmox VE

3. WieUsziliulszdnsnmveavisudsnnsludamadauazanuiiuangideisgy

A5AsUN15IY
[ v

Junoun1saniunisive 3msiudeyalunsive Tissyduneu wieszeziidniunisideidude q

4
mudwumsite seyedesdlefld uazmsmannmueadadlofithlflumsiide
1. JumsunisAniiunsive
1.1 Mms3seidsudunsaunsey Design Science Research (DSR) Tneilsrwandenlunsazdunou
Gﬁ’dLLamTuEUﬁ 1 FaUszneudiensyuIums 5 seey (P1-P5) léud PL-n1shasizvdyniil efnuaveuias,
P2-n15e0nwuulASIEs10WsIL I T NLeNETs, P3-N13AARATYUUNAGEUUY Proxmox VE, P4-n15nadeusiaes
anun1saifeANAIL way P5-N1sUSUUTIHAE NSNS U TR (Metrics) AldUszidudssAniam 1dun dnsn

mMIanawesadlvd, Auadenalunsngiadu (MTTD) warszeziandmnglunsifuszuu (RTO) uanddsgui 1
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Input Process
- P1: Suassiitlggun: wlasiihvang
oo
. fywuasadasitenaseuive: as tugdaivua ) B
aansauaIulaaafadi iy - P2: aanuuusunuy: $197A598519

Proxmox VE anas 4 afy

- awfuaznsauuwda: NIST CSF |::> - P3: nvmﬁ\?uaxﬁomszuu: MW

- watulafnnaivua: Proxmox VE wasaNRad .
wazesaviialanuzasa - P4: nagauuasiiuvinua: 31aasnis

= .

« Jngusvaed: ihuunauasuide T“”ﬁfaﬂﬂwmﬁlﬂy

« P5: dfudlsounaviuduna: un'ly
Framework amuNaawsuazan

uwugin

Metrics Output

- Policy Cybersecurity Framework

N - Cybersecurity Framework
« MTTD (Mean Time To Detect): N
naadnlunsasiadudiaanaiu Standard Operating Procedure

k Anam SOP)
- RTO (Recovery Time Objective): K ;:I ( .
naihuwunalunisgdussuy ° gﬁgi?ﬁfumy Framework

- Cybersecurity Framework Form
Template

. MsanavAIARI NI

U7 1 nszuIumsiann Framework
1.2 madspgndldluniunaie (mplementation): Andawlsnindunuulussuuiaiiou (Virtual Lab)
fidraesdnmuindenesesing SMEs msfnseszuuluusunaseld Proxmox VE Wluunumdn Tneulsduaietie
F28VLAN 1A% 0aile pfSense 1117l Firewall Wazuh viifadl SIEM #5293Uf8A A1 OpenVAS NMAP

Vulnerability Scaner wag Proxmox Backup Server (PBS) lddwsunisifutaya wanasiaguin 2

X PRrROXMOX
— OpenVAS Scanner
VM
e VCPU 4 cores

« RAM 8192 MB

Node1 « Storage 100 GB
« VLAN Tag 20
VM « VCPU 4 cores
« RAM 8192 MB

« Storage 100 GB
e VLAN Tag 20

pfSense

@
(Firewall)HA < g XPRrROxXMOX
£ -
- 17
@@ 2 & Wazuh Server
—— S—»
o |2 \NVM « VCPU 4 cores
1 X 5 . + RAM 8192 MB
« Storage 100 GB
5

VLAN Tag 20

NAS 4 TB

XK PrRoxmox

— PBS (Backup Server)
VM VCPU 4 cores,

.
« RAM 8192 MB

Node3 « Storage 100 GB
.

VLAN Tag 50

JUN 2 msUszgnaldluuiunass
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1.3 75UselunaLdausedny (Evaluation): NSEUIUNNSUSEMIUNALTAUSEING LSUAUAIEAITIANA

v
=~ A o a8

Wugu iedaiuteayaaniuzauUasndeneunisilasunlas lngldinsesiio OpenVAS Lay Nmap aunuszuy

3

< o '

WioUufindrururedninuszauanudes (CVE) wazantuzvesnesailaldnuieldidunasiuisuiou
NUUIALTUNT Ussgnaldisudsn Inefinnsnesnisdesiunuunnsgrudjifiau (SOP) Afmualy Wessuy

P 1%

fanumdouazdrgmahassanumsanl fanuideiidenldnsTauiiuuy Brute-force Wunsdlmnaeuvin ilasan
Jufeanauilugiuiinutesuaranniod Tauszans nnvesulevie saruiazszuudasiunisyngnldogis
Faau muglufunsmmaduuaznouaussiuszuy Wazuh e inrszozianadslunisnsiadu (MTTD)
Tuduvesnsmaasunuseiiemagsia fadelddidunsaaeunisiAuszuu lasdraes
anunsalingeiunsvgamsiharesuimamdn Weldszuuliausaliuinsldudintunsdfuaniugde
nszUIUN1EauAn (Backup Restore) Lt 83 ULIaMAL AUIAIAN Recovery Time Objective (RTO) LLa%ﬁy‘UEj(ﬂ
nszuaLNIFie Mtanandenismaaes nensaunuszuuiimeldaninuandomdy ievnadnsuinsgd

Wiguisuiaunisvesnisandeduninazn1sinwianulasadeiuTuvainisuTulTese U Lansiagui 3

o o

Junaun 1: NMsIaNanugIu dunaun 2: nisdszgnaladinsuisn

- Taf OpenVAS/Nmap siwnuszuu lI:> . Aadaanasansilasiuau SOP
. LAuaya 'nay’ Msldauuilas

& g & oo e -
Jdunauil 4: MsasIaTULATAALAUDY Aueaun 3: A1sINAavEaIUNITal
. hensusaiiauain Wazuh iiaiasn MTTD <: . 31aa9n1sTaud Brute-force ianagauniy
u-ﬁmns’waoszuu
dunaun 5: N1sNAfauANTHAUIEUL | Junaunl 6: N1STIANAKAINITNARRY

. dnaavsruuaNLAzisNGAY RaTas RTO II:> . 19 OpenVAS/Nmap awaussuudnaia wia
(nanlunisdéiu) WEHUALAR WAV LAZAIUIUNITRARILDY
daviul

JUN 3 myUsziunalieUsedng

2. ndadieiteuazmshansszuy
Tumssuiunide fmstaniealasaieiugudmiunaaeudsi
2.1 Proxmox VE: [uunanesunesmalawdundnvesseuusunuy
2.2 Open-source Security Tools: L Wazuh (SIEM), OpenVAS uag Nmap (Vulnerability Scanner),
Proxmox Backup Server (PBS) d1wsun1snsiaduuduiion uaznAutoya
2.3 NIST CSF Mapping Template: d15un1sdnnguuaginnua Policy suileniduaes CSF (Identify,
Protect, Detect, Respond, Recover, Govern) §in1589nuuUUHUR AT 8 enadauludnway Defense-in-Depth
WIDUUUIANENM U UMWINIG Zero Trust wagivuaszezalunsdaeamsnsaldeanay
3. UsEvINTuasngufl9eng
3.1 Uszwns: liun filevgiifanuiuagyszaunisalinuanusiuasasnfeloues welulad

ANTAUNA LATITTUULATOUY
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3.2 nquAIegis: In191EenuUUIaNERs S1udu 5 v Taedinasinsdnidendedeadudiisl
Uszaumsalialuaesnuiiieadedaitesndt 3 U ilelyihlaindussiiuiaudsmaqfivaelunsnsiaaoy
AN AN YBANTUIIN

4. Bnsiiudeya

4.1 nsUsuidutedind: 14 OpenvAs awnunounasndsiadunsuisn wowsouliiausssu
AIHTUSI (Severity) karduILYRILW]

4.2 midaeadeanay: naaeulagldmailadnasmginssuvedlaui Brute-force

4.3 nstufiniatunisdfu: 1961 Recovery Time Objective (RTO) iluinawilunisinauanunse
VDITEUUNEAUAAMG

5. miAazvidaya
5.1 Winrwiidadisuiieudounasndsindansuiisn
5.2 YamusEAvsnmauiadta 3 drundn Téun
5.2.1 3nutedlnianal (Vulnerability Reduction)
5.2.2 AMNEN15aLUNTATI99U (Detection Accuracy)

5.2.3 afAusguu (RTO Compliance)

NAN13IVY
1. NANTODNUUULATNAIUIWSIASNAULUU

Nawﬁmﬁﬂﬁ'igmmmﬁ%ﬂ%ﬂﬁy Ao YALaNANS Prototype Cybersecurity Framework 31U 4 adu
FelasunseenuuuliidenlosesruluszuufuiiesnisusmssnnisnuuInig NIST Cybersecurity Framework
(CSP) westu 2.0 lnsusagionansgnianguaiuilsidundn loun Govern, Identify, Protect, Detect, Respond Wa
Recover W%’@@Jﬁ%ﬂizqﬂﬁﬁauﬁmmﬁm Zero Trust kay Defense-in-Depth HUNISLUIEIULATOUIBUAZNITINN
avsnaiindiitesiign augfunisysannsiedesiielowiuesaluszuy Proxmox VE

nansUsenaulsudsniinauniu Usznoudie

1) enansulenesuauiuaslaenseleues (Policy)

2) tenasNTzUIUMSUNURNULINIEIU (Standard Operating Procedures - SOPs)

3) fleuuRn1sneuauaungn1sal (Runbooks)

4) YakuunesULAZmNIER (Form Templates)

Wi LeNAswAaYRIiANADAARDITUNINSIINEING LU NIST CSF, ISO/IEC 27001, WaghwIn Zero
Trust Inefthumedielianunsa Ul nuluanmuindensiweesdnsvuanaiswasvunndn (SMEs) laogns

Jugusssu
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uNuANAMUFNNUSavALSENaLuRz935 NIST CSF 2.0

Policy

ulwamnniuasdaanda
lafluas

\ NIST CSF 2.0

Runbook Cybersecurity
Afianisnausuady Framework

wnnsel

SOP

dusaunalfiidou
MATFIU
Form Templates
wuunsauiuinuang1u
deydnuainazanununy
NIST CSF Functions : Werdu Framework Docs: tana1siWsy Primary Connection: nsidan
“an 6 fu 340 Teauan

, -~
= = = Support Connection: msiitau ’ ; Improvement Cycle: 1935015
Tevatuayy ~_. 15ulye

| Process Flow: andunszuiuns

Virtuous Cycle: 2iayaannnsgau (Recover) innau'ldusulseulaune (Govern) wianiswaiunaenssaiiiag

JUN 4 anuduiusvetesAusenaumsuidsniuies NIST CSF

31NJUT 4 waAINTOUNITINUAYIUINITTINAUIRS NIST CSF 2.0 Taeialadrdgivilinsudsni

a a a d‘ . o a v o 1 oA =
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=

Y992495115U5UU5e (Improvement Cycle) Mudulszioulaanszuiunsvismaadineiu

N32UIUNITYNIUT04 Virtuous Cycle viuiiiiidunalnnisteundudoya (Feedback Loop) nanafe

dleesrnsiasaduduneu nsiAuszuy (Recover) dayatnnnisaluazunisauiilasu (Lessons Learned) azgnih

naulUdinseiiiousuusauleuie (Policy) luiladdunisiidugua (Govern) llanusanuuayyinaivg Wy

ainaSuneniseylidiuansvesununn damalvuinsnisdesiu (Protect) uazn15n 3133 (Detect) Tusoudaly
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=< Ya o o 1

wWoliiiunmnisiunsudsnluufdRasdadaauddiu §3dvvesndiogseasidunveiondls

Y

luasAusznaundn laun Tuneun1sufURnuuInsgIu (SOPs) dwmsumsdanistedlniduandugui 5 uazeile

MIneUaueLnAnIsal (Runbook) d1mu Brute-force Aauandluguil 6

9. IDENTIFY-PROC-Vulnerability-Assessment

IngUsezasa: Wieimuatusauluiasmsuimsdnnisdedind (Vulnerability Management Lifecycle)

P
[

FauAnNIIAUM, N1531897L, NMSRRANASLALY, warnsnIaeuNastausEUy

YaULIN:
¢ msUszfiutasind (Vulnerability Assessment - VA): Aseupgivinddu
y o
asaunaiaminfssylily CMDB
® MSNAFDUNIZSEUU (Penetration Testing - PT): ASOUARIISSUUIUATISEAY
pIEATY Tier 0 wae Tier 1 wiaszuuilaliidfalaannimSadnodumeside
5 - oaley
Junaun1sUaua:

1. msUsziiudealnd (Vulnerability Assessment - VA):
o msaunupuuaan: nsaunuesatienslutamelas sl
fuat (udrauennaniinig) ssdesgndnilunisiag OpenVAS
®  ASHALHDU: Lﬁamimmma%agu, radwdzdagnawioluds Wazuh Faazyin

1aia

mMsiessiuaradansududeu (Alert) dmdutadlyifiiiazuuy CVSS maus 7.0
Fuly

® n15a519 Ticket: Ticket a’m‘%’mjaﬂwjt,wiazmaﬂﬁazﬁaqgﬂa"sﬁﬁﬁluawu
fapnnmilaefumnsiuamaondoleues uasioumnglidvossuy

(Systern Owner) ailunisuily
o dapnasszaunisliudnig (SLA) Tunsudly:
® (Critical (CVSS 9.0-10.0): ne/lu 7 Juvinnng
® High (CVSS 7.0-8.9): nelu 30 Juvinnis
® Medium (CVSS 4.0-6.9): nelu 90 Tuvinns
*  msaunudiienausey (Verification Scan): ndsaniiivaszuuuasln

Ticket, nsaunudiiiivnewsiioniuaeuitednilafunisudlvediay sal

sspsgnAniunislag OpenVAS fauiiagyiinisln Ticket egadunianis

JUN 5 fpgratuneun1sufiRauninsgiu (SOP) dwsumsdnnisdedud
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17. DETECT-RUNBOCK-Threat-Triage-v1.0

wnansuleursfiingadas: DETECT-PROC-Threat-Monitoring-v1.0
ngUszea: ilodrssriuasdansasmsudaiiou (Alert) fiAnTaly \Vazuh Dashboard agnafiussuy,
dndula, warensyruldumenisalazdia (Incident) mndiareandu
HSuRnYoU: Sieseiesiunsasad (L1)
Roulums3Bunszuauns: nsihssRedsdaiiawasninaniinis (Continuous Monitoring)
TunounsURUR:

1. n1515233 Dashboard: Tuiiae “Security Events' Tu Wazuh [fhuedesiiandnly

nstEhsgTauy Real-time
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@ o a o o w o @ v A oo [
2. psdnauanudian: Tianuddydunisudadiouiifissduainnguust (Rule Level)
paust 10-15 Wududvusn desnndarudululigainnduioanauiifiniuaia
= ‘< i =
3. msesEinnsudadiau:
o adniinsudusouiegineazdeniianin: Rule Description, MITRE ATTECK
Tactic/Technique, Source IP, Destination IP, User, File path, Process name
® 5vERUYBy AUl (Contextual Information) Wy Tuiinimanisalieuuas
o o a wa v A o a = @ %
viananiidie, UseTRnisudufiowimeiinuy Host ey, deaja Threat
Intelligence w84 IP Address fitigndas
o Fvrsanuazuuninu True Positive (1vnn190J939) 3o False Positive (N3
v oA e
uiaieudRanan)
® {79819 True Positive: Aunengailuni1syin Brute-force SSH 310 IP
laig¥n, msfurda PowerShell Mhasdy, N13@539WU Signature
voulanad
® 18814 False Positive: nsiingsruuiidvamangasslagldimgy

THUSVARIL, A1SLIEpUnAAINAITALNLYBILWIANUAMUANTS

JUN 6 et dilonsnevauauvnnisal (Runbook) N3al Brute-force

AMendansiausudsnuazienalsusenaudmsuldanuuussuy Proxmox VE §33uladanszuiunis
Usziiumnumnzauuazanuindefolneidvanglasiinusinisdndende doadugiifussaunisalinau
Tuanenuiiefeditesndt 3 3 S1uau 5 v Feweiamanie (Delphi Technique) S1u3u 2 50U e5aULN
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M3197 1 NaN15UTHEUNINTIMANUVINZENYRY Framework lagiligiuey

29AUsZNBUVDY Framework X S.D.

1. enuuleuie (Policy) 4.84 0.26
2. $IUNTEUIUNT (SOP) 4.84 0.26
3. pugilonauaued (Runbook) 4.64 0.26
4. iugawuulesy (Form Templates) 4.80 0.24
HATIUALRAY 4.78 0.05

nuan1sUsziiulaggldevge 5 viuluseudl 2 wud wsuidsnsuwuulianusnzadlusedu uind

WIniga AseuAgY 4 ssrUsznauman loun wleuie (Policy), Tuneulfdfeu (SOPs), glan1siuilaingnisel

(Runbooks) waguwuumess (Form Templates) LLamﬁngUﬁ 7

SOP

HANTTUSEEIUN NI IWANUMUEHUVDS Framework 1agrlTa2u7ny
Policy
4.8
4.80
Form Templates
4.64
Runbook

JUN 7 WanIUTHEUAMTINANINNEENYRY Framework 1agrldienvgy

NIUN 7 nanmsUszllunmsisnavsngauves Framework Inediienvalaelseazdunilaniaunal

1) suuleune ldazuuuade 4.84 (SD = 0.26) kaITANUTALIUATOUARY UALADAATOITUNINTTIY

NIST CSF wag Zero Trust HgfmruansaunIsaiuuasuanutiuasUasniulaeseiiuss@nsain

2) #1u SOPs HAznuulaaswiniui 4.84 (SD = 0.26) avvisunannuiduszuu wnladne wazaiunse

ihlUldufusaselaegvadaue

3) 11 Runbooks larzuuuade 4.64 (SD = 0.26) Inganizanuaunsalunisannailunisnauauss

(MTTR) hazn1snAuszuy (RTO) wansdisdneninlunissesiumnnisalaniay
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4) fukuunesy leazuuuady 4.80 (SD = 0.24) wudaluniuanudaaulselovvldaay wag

1%

BALATATIFABUTUNEY (Audit Trail)

U

MsatiuAYUsTUUNIIAY

v
o %

Tnvasuwlsudsniiauduiinuaunansludaulovownudis wasesesloatvayuaiunsaild

Uszgndldluasrnsliograduszuiazdenndeiuuinsgiuaina
2. nanrsuszdiuANasalunMsantasnduassuliaduanany

MnmsnegevluaninwIndendtaes (Virtual Lab) nuinwsudsnansaenseduanudaensisliogns
fdpddasalull

2.1 NM3an993lnd 21NN1TALAUTEUUNBAUNITOLNIAIBLATIED OpenVAS BaINISAAALNTUIASH
WUIWIULAEANUNTULTRYRdlianatedlited Ay WalsuiunanawnuiounsAnmg

= = ~ ° ' 1l i % a & as 2 v Vv oA

A13197 2: Wsulsuinnugedwinasanuneuwazndsnsiadansudsn inudeyasenineiun 4 nanau 2568

i1 13 ganAy 2568

FTAUAUTULIS (Severity) S1uaunouRnng (379M19) [Suaumdsinns (3em)|  msanas (%)
© i) 380 0 100%
Uunang (Medium) 212 0 100%
@® i ow 21 0 100%
SRR 613 0 100%
FwUnauGany (51en17) FNIUNIIAAG (shan9)

ng9 (High)  m1hunats (Medium) = 61 (Low) &9 (High) 1unane (Medium) @1 (Low)

FUN 8: neiUSpuiiguduiutednineulas nanisiaaansuiisn

NMTNAN 2 wag JUT 8 uanwman1silSeuiieuldesadaiau Ineneunsiasansudsn asianuges
II5IUN9EY 613 5189015 LLUaLﬁui:ﬁummquma g9 (High) 380 518019, Urunans (Medium) 212 518015 uay
#1 (Low) 21 578013 agslsfnuniendinisfiaawnsuisn manisawnuldnugednilunnszauainuguuns

(0 $18119) Baneanungedriamuagnuilunazanas 100% auiandlunieuagnsvnaumuYI
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2.2 mydulledeanay luaniunisaldnasinislaud (Brute-force) SeUUANNTH ATINTULALMDUAUDY
v v U1 A= Y & = a a A o~ 1 ° '
saduanAulaeg1 iU JaanddiiuisUsednsnmveauniodiontns Wazuh wagn15inunaIn1L SOPs

foonwuuld

Brute Force
Time Technique(s) Tactic(s) Level Rule ID Description

Oct7,2025 @ SAiig6 Tietn Credential sshd: Attempt to
¥ : T g : AccessLateral 5 5710 login using a non-

00:16:55.914 01 04
Movement existent user

Table JSON Rule

t _index wazuh-alerts-4.x-2625.18.86

t agent.id @82

t agent.ip 18.0.20.15

t  agent.name pc@1-Standard-PC-1448FX-PIIX-1996
t data.srcip 108.8.20.26

t data.srcuser admin

t decoder.name sshd

t decoder.parent sshd

UM 9: nsuduFiaulog Ul Wazuh vaugiimsnenenudusviariu (Brute-force)

INFUTN 9 UILUAAIMANFIUIITEUUAILNTOATITU Rule ID: 5710 - sshd : Attempt to login using a
non-existent user lngsey 1P Yo laud, Wmunenignlaud, waziianfiiamanisal Fe8uduin Wazuh a1unsa

aTadudeanAlaase

3. HANTSNAGBUAMNEINNTA TUNTHUAIVDISTUY (RTO)

@

lﬂl a a a d‘l’ A Va Y o L3
W UseLiuUsyAvEnMueInszUIUNTHUAUSEUU (System Recovery) fidgladnassaniunisalszuy

aunN1slanfAvelsuduulT (Ransomware Attack) lagilanunisainageudanisfeu Virtual Machine (VM)

@

fanudfity w1 50GB Mg Proxmox Backup Server (PBS) mudunauiiszyliluienans Runbook

=b.

Tunmsnaaeuil tanddmnenalunisdau (RTO) 1inliAu 4 49lus (240 uii) Fedivdmunenan
TunsfAwRTO) N wualilaiiAu 4 alus Fadunalined@erngussduidanumnean 1ndefaiuias
PalausiurINg LB eamynouaniunis nan1sageunuItssuvannsailuAunduubiuinsladnianiy

Whnne deduduisdszansnmueanlsudsnlunmssuiowasiuiinnmnnisallinieilu lnesieazdenvediaa

ldlunsirustaileleuiieuiu Recovery Time Objective (RTO) 1vsing waneia m135199 4 uay U7 8

M13199 3: KANTNARBUNSAAUTEUUME Proxmox Backup Server (PBS) 3113u 3 A3

s0Ufl RTO nanfildase (wail) NAANS
1 4 4l 3 HU
2 4 Hlug 4 WU
3 4 Hlug 7 WU

Aade 4l 4 Al
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HAN1TNAFIUNITHAUITUUTIUIU 3 AT

240

w

1IUIUNAGDUNAU
[N

S

u

240

240

[y

o

[=]
[&]
[=]

100 150
RTO(u#)

]
[=]
[=]

B TargetRTO M Actual RTO

Ul 10: nslUSsuLfiBusening Target RTO wagtiail Proxmox Backup Server (PBS) ¥inléa3

NNINAFOUNINLA 3 ATT nudrszuvasadaulddusannass Ineldinan 3 undl, 4 wdl, wag 7 il

audau Jafefwiandu Anafeudiazedi 4 il

dyUnauarafUMeNan1sIdY

91fBLLWIN Design Science Research (DSR) [33] Wanusauiuunsg1u NIST CSF 2.0 [17] wudfa Zero
Trust Wag Defense-in-Depth w¥ouysannisias esdielowiugeda [15], [26], [27], (28], [29], [30], [32) luszuy
Proxmox VE [11], [12], [13] Lﬂ"aamé}’uﬁquuazLﬁmssﬁm%mwmﬂ%w (5], [6], [23] mamsﬂsst,ﬁuiﬂmgl,%m%muj
5 v wuiisuAsndanumsnzaslusedu sndanniign Tnsemeduulouiuas SOPs fildazuuudsgaan
(4.80) azvioudsnnudaiaunsoungy uazilUllia3e vaedl Runbooks (4.64) Waz Form Templates (4.80)
Tnouauludunisnevausivgnisalamdunagn1sdnsin Audit Trail 8198 520U uanaInd n1snaaeg
Tuanmuwndemaiiousssduandfifiuinsudsnfifauiuaunsaansuugedwiuazsyeziian Recovery
Time Objective (RTO) laagnsiitivddey [4], [21], [22], [24], [25] moulandvosi1998sA TR uRSwnf ULy
fiaseuaquitnlonienszuaums uaseiesdofitnlUldldiedmiu SMEs

Wi 1S ulisuRUIIuYDe Grad [16], Patel and Schmidt [20] wag Chen et al. [2] WU TWUAAALAY
wmsUftRvessiniiviauediruaenndeesudnau Tnsionznisdalassadamuiladidunos NIST CSF
waznN13UsEENALY Zero Trust fuan nwInaeussuuailou oghdlsAnmunuiseiifenuunnsannnures Udroiu
et al. [31] Afumsuszidudinmain wazdsuianisiinsigsingdnssugldamumiunuinia User Behavior
Modeling Fsoraidufianisiiuravlalunsvensnaluouan Insagisudsnduuuuifdnsamadunisiily
Uszgndldats Tnsiamnglussdnsiifidediadumineins wasannsosesengmsimunedowlosnlusifionsly

AVML TussuusnwanusiuaslasnselovesrelUlnegresivss@nsain



1
JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY JSC' 9
VOL.5 NO.2 (July — December 2025)

JoLausuug

1. nsverevevwan1sUseifiuUsgansamansuseidfiusedns amueamsudsnluan muindeniis
Ariudougedu Wy Hybrid Cloud war Multi-Cloud sauflmaaeuanuannsalunissufletusoanaiutugs
(Advanced Persistent Threats - APTs) Lagn15laufLuy Zero-Day

2. MmsysanmamalulagdygiuseavgaisAnuikaziauinisdl Al wag Machine Learning (ML)
w52 UsEUU SIEM (Security Information and Event Managerent) wiasiu@aeuanunsalunsinszsiuas
MTITUABANANLLTIGN

3 mafaLnTzUUReUauessaludAmsiaunalnnsneuaussiennsaliuniunsUaen fudnlulii
(SOAR) \leanszeailunisneuauss (Incident Response Time) wagtinUszansnmlunisdanisdvanay

4. JoraupuuzidauszynieednsnIniguasionvu IneanizngugsiavuInnalasuIngou (SMEs)

ansadman1siduluusuliidunseumsvihanuiiugiu Wesnszauunsgiuaruiuaslasndeluuesvosesdns
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nsasedsiliidunsnensiuguiidfglunsussanananivsssunnd wieliuseleminnlasasig
hernsafluguuudulddselfnsanudssleaiaugnies edsiulsansaasisldiauuulifiedesdiotas
vidoASnlulA wazuaduaeandundnde adeuliuvulasiainnd wagadsiuliifan nwlnedadsdiuliivu
CG Treebank wazadwiulsvesasililisnsaifl smadsduliflaoinsel feidundsdoyafivssausyloanion
n3itasziidanneduiuslugvuuulassaiedulsl i eagsiounuduiusidshoinsalseninadmie
18 asrusenavdrdyvesndduldl lauwn yateyadeniudualy, AsFRATLIugn, N1siauysrinue e
Tagldszuunmsdaminzauiunwilng, Tassaisiuldheinsal, deSuisuszneuumsgiu, uarguuuudoya
nsSsuisuiun1wIdy 9 WU Penn Treebank wag Universal Dependencies wansliiiuinniuilng
fidnuaziame Wy nslifimsuissasswine, nsavessusznavlutslon, uagnslddwanewiing unanui
THuwdanguilheinsal X-bar esurslassainaniglund nmsaduededuldheinsainwilnedainuime
esandnvaziamzvesniw laednsussgndld X-bar Auheinsalanwilnelaenisdauwvadliidifu
Snwaglante Wi n1sldfidiureisaugny (Specifier) Talau kazn159nn1slAsas19gou suien195995U
nsazesdusznevluuszlealasuansluuaignagnisimuauinsgiunisdalassaiiei Ansuszneudiegie
finsauAqu STUUATIRABUANLABAARDS UaziIegefinannnans adsiulsnulnedaiuddysenisiam
wialulagnwimansnouiawasegnwn wu nsimuszurinsgihensaidnludd nsusulssssuuulanin
waznnsaountwineuazawimansadsiullimonduninonsidanadeus dadugiudeyadideuen

VMNAWIANERS TAUETIU BANI1TOYINENY WerauannuITelasLinnssumunwmanineuimesvating
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Abstract

Treebank construction is a fundamental resource in natural language processing, leveraging
grammatical structures in tree format to ensure accurate sentence interpretation. Treebanks can be
created manually or semi-automatically and are categorized into phrase structure treebanks and
dependency treebanks. For Thai, notable treebanks include CG Treebank using Categorial Grammar and
Suthee’s treebank using dependency grammar. A treebank is a data repository containing natural language
sentences with syntactic analysis in tree structures, reflecting grammatical relationships between words or
phrases. Key components include original text data, accurate word segmentation, Part-of-Speech tagging
with appropriate Thai tag sets, syntactic tree structures, standard annotation guidelines, and data formats.
Comparisons with other languages like English (Penn Treebank) and Universal Dependencies highlight
unique Thai characteristics such as absence of word spacing, ellipsis of sentence components, and
polysemous word usage. This article describes the X-bar theory, which explains internal phrase structures.
Thai treebank construction poses challenges due to the language's specific characteristics. The application
of X-bar theory to Thai grammar requires adaptation, including handling the absence of clear specifiers,
managing nested structures, and accommodating null nodes for omitted elements. Establishing robust
annotation standards involves comprehensive guidelines, standardized constituent types and POS tags,
validation tools, and diverse annotated examples. Thai treebanks are crucial for advancing NLP
technologies, particularly for automatic parsing systems, machine translation improvement, and Thai
languasge education. Beyond technical utility, Thai treebanks serve as valuable linguistic, cultural, and
language preservation databases, fostering further research and innovation in Thai computational

linguistics.
Keywords: Thai Grammar, Treebank, X bar Theory
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nsadeadaduldidunsnennsiugiui ddglunsmeudiunisusenanan1usssud 1wy
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welessaiasgloamunsdaduuuusniidulldinnnidsiaomwuunisdindazgnleinsaiied Weldmasn
Agndeafamnsahluliusslovdlusudu 9 deluls wu thlvldfunsimsizianudnlusiuuin wieau
wszwmMIlensiaruidnindfugusnanliamuives nsaueduiuliionatlnglifiedosdiots
vioaiauuunadnlus

TnglilusunsuwaniastefiusmfuinnmmansdsnnasouanugniesesUsslondnade adauls
fuenluaesnquudnde adsiulduuulasadnand (Phrase structure) wu adsduldiiuil (Penn Treebank) wae

AdaF Ul an1 (Dependency Treebank) W Adsd sl an1Us1n (The Prague Dependency Treebank)
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Tunwlnedadadulide 43 (CG Treebank) [1] AlinguilensalianilniFua (Categorial Grammar) d9dneg

Y
4

Tunguadaduliiassadng uazadwiuliveas (2] Whensaifien uwifsaesssinmadsiuliassnnbensal
Arnety udlduanisairananadsiiidmiunevy duddufiodeslosnnuduiudiule Tnglddndu
Fosasramilousgidhensalifiunu (Generative Grammar) uneufiosuisuuaAangquilensalanwiidy
X-bar flosunelassadameluid (Phrase Structure) msldanuuasduiedrsiminusazmieslulasasig
Uselen wavgrnanuduluinlasasisslealafienuiandugean wamamsadeedswiuldl wasnsuszandly

Tususing 9

1. anuvuguazasAusEnauvesadiulilensal
passiuldlensal (Treebank) Lundsdayainussguszlenanausssusinseunisinssnianneduius
(Syntactic Analysis) Feuansluguuuulassasranulil (Tree Structure) iteagviouanuduiusiBshignsalsening

Amseraniglulselen lassasiadendnenseglusduuuvedlasasiauuuid (Constituency Structure) 3o

v vy
o o

lassaiauuuiian (Dependency Structure) MislTuagfuLLIMNINITIATIENLY [3], [4]
1.1 wwiRnnuguvesrdsuliihensal
wwrAnvesrdwiulyl Aen1sdnszuuteyanivilagdedennlassaiehensaliiuysdanunsainiula

Fevilianusadr Ul nuuudnasanien1wiaans i @eriula (Computational Linguistic Models) Taagnail

- @ a

UsgAnBan ssduszneuddnuesndsiulsl laun dilgndauazaiavesdmiordiidanguasmihfimaleinsal
wazANNEURUSBImnsE e
1.2 psAUsznaunanvesnasiulyl

adstulihennsellaeihluflesddsyneuddaiad:

o yateyadonuduaty fenmmieUstloafigndaidonannuvasing o wWu ¥1a13 153NTTU Ve
UnauvuT Wleeuvannmaneidaguiuukas U Y

e N15FAF (Word Segmentation) Tnstanizn1wilnedslifnisiiuassaseninamnisdadd wiuen
\Hutladeddnrenunmuesndssiull [5] Geenadesedofifervgasiamy

o M3fALUIHnYedAn (Part-of-Speech Tagging) AufazA1zgnAMmuUAYia Wu NCMN (FAuuanday),
VACT (n3ennszvi) Tneldseuuudinfimanyansuniwlng wu Thai POS Tagset 784 NECTEC

o Tnssadreduliliennsel (Syntactic Tree Structure) Tassadsiuansliiiuauduiusseninduiod
Inge1algiuanig Constituency #3e Dependency

o MoBUIgUsENoULMIEIU (Annotation Guideline) adsduls! Mfazdesdgioniouuuftinaenndos
Aulun139n9lAT9as1s Wy Universal Dependencies Guidelines [4]

o jUUUToya (Data Format) — Wy Bracketed format 1138 CoNLL-U format Fesassumsthlulfany

Y A4 A a sy wa
NULATDINBT Lﬂi’mﬁﬂl’amﬂiﬁuaﬂuum
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1.3 madSeuifieusuadsiuliveaniwna

mawSeuiieuiuadudulivesniedu 9 wandiduidnvasnmzvesnvilne fegatu:

e Penn Treebank (Mw1dangw) llassairauuuid (Constituency-Based) lngiin1sdnnguiddniau uay
annsndszndldfulinansawmanivainuans (3] fnsdrsdetuann maeldaiandaudd a.a. 1989 way
fanaifmnderiios Tnsauaudoyaniwaans (Linguistic Data Consortium) msadrdlivisssuudalusfuay
nsruazuily TnefFemamesdunounisusssinnuesdn (Part of Speech) mauasUszloauarnisidoulszney
AMesuaiuAndmiulstloadmadiliauysal

e Universal Dependencies (n1w1914 9) unnsgiulaseadranvuitanniinfunisadreadasulil
Fruneiiuuamianisivun “wad” (Head) waz “Fiifiant” (Dependent) fidenadaaiulunaisniu wu
danqw Uy Fu wazlne [4)

e Japanese Kyoto University Text Corpus Wadssuldiitan wudeafunwiing undnvaznsSesd
warnsldmeae (Particles) vlfaunsodmsgilassadaunvuianlddanuniiniwinefifinisaseldvos Wy

NM138rUILEIUNITONTIN (6]

Mulng Tanwazwmuaaliinisiulssasenineen n1sazesrvsenavlulselen Wy Uses1unsanssy
LAENNS MANMAIENUNT bUUSUNA19A Y F9IANNSA5 198 IR ULLR 09 l03 5 NN L duAUSITUIIRVDIN WY WU

NMsifAALRIIENN YTONSIANAUAWULEAEULNTY (7]

(5
(NP-5B3J
(NP (NMNP Pierre) (MNP Vinken))
EJ J}
(ADIP (MNP (CD &1) (MNS years)) (33 old))
(s 2))
(VP
(MD will)
(VP
(VB join)
(NP (DT the) (NN board))
(PP-CLR ({IN as) (NP (DT a) (JJ nonexecutiwve)} (NN director)))
(NP-TMP (NNP Nov.) (CD 23))))
. )

3UN 1 duliihiensal ves Penn Treebank



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
sou
VOL.5 NO.2 (July - December 2025) JSCl 98

UNANNIBINTG

This is a sentence.

PRON AUX DET NOUN

JUN 2 ununmlaseasemnuduius LU U

1.4 enudrdgylunsideuasnisussyndls
adaulsl WWuedesdiod A lunats A fouasse uuUssananan s TIuTA W
o M3finlinamuaUszlen wu adsulives CG Treebank Agnastsduilewduuvasdoyanivilne
ierhluRlnuasszleamauuubensaliaminGea
o MIuvanwIeneLASos
o MliaMumInevesUsElen
o MFRTwlassEdveerulunussunsTUselifmans
adadulsfFliifssusiifuunasdoya uddadusngruveanaluladaiusssunafanuusiugigs

Tuszaudaliennsal

2. maadueasiulilensalniwine
nsassadsilihonsalawilnesianuviimenaieusznsdesnnwineddnvaziamemnineduius
rsnamwglsy wu msliiinisiud mslifinmsdussassriieh uagnmsilasaiasslonannsoassesu
n3e1 viensauldlnglifnbensal dewmiiniseonuuilassadrsheonsaidniundaiulinuinedsiesende
nseUNguiMInTwIAaniidamguuazimnzay wildunguindniignuunld fie nauf X-bar (X-bar Theory)
Fudungquilassaanneduiusiiogaeliuumahonsalifiuyy
2.1. guf] X-bar fun1siaseilieinsal
nuf X-bar 1YunseuuwmAnfiosuislnseainanieling (Phrase Structure) Ingiaueinesduszney
Tensalnnusznn @ mnu n3en Aadndt vav) dlasasisuiulugueuvaiussdau loun:
e X (head): duivena
o X (X-ban): sefunansBsuszneuseiazduvetsusd
e XP (Maximal Projection): Qe Feorasadinvenediune (Specifier) kagA1uw (Complement)

ng XP liiteanneudruunglidesas lnglivdeifissngfetusaseungungiaun lunguiidnuis (X°)

JsanndeLiieangfed Ao X' — X (XP)
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Tneii X WUNIANY AN Wudwusdwduuwnuyszianves N, V, Adj, Adv, P 1 XP wnu NP, VP, AP, PP uag X’

Wl N7, V7, Adj’, Adv’, P’

XP
/\\
XP Adjunct
/\
Specifier X

N

X Complement
U 3 Tassasravilves xp

et Tunwdinge wWu “The Big Dog” gnins1zilu NP (Noun Phrase) Fail “Dog” \{u Head,
“Big” 1Uu Modifier uag “The” \¥u Specifier

dlovszyndfunuilneg i 28 “alfuilng” Tassadranu X-bar adudsd

e XP = NP (Noun Phrase)

e Head = “gtiv”

e Modifier = “falugy” @so1aidu part of NP %130 AdjP udausnisiina)

o 1aifl Specifier daauluniwlng Fwandiiudaunnsiiudalassaiisszninnvlneiuniesingy

2.2. m3Uszendld X-bar Aubensalntwilneg
usgud] X-bar azgaiauiananmsinvnwsinguiazaiwidula-gladeudy 9 wifannsauiy
Usggnaiteldesunsniwilveldluvanensd Tnsdesedomadanlasuisusznms:
o Specifier: Mwnlnedinliusng specifier Tauludd wu ludidmdunumiiou “The” w3e “A”
fadu NP lunwilneFasinuszneuse Head uag Modifier i (5]
o ey (Modifiers): s inganunsaiidvenelavatgguiuy Wi uuveny n3e1veny AnAnYivene
Fadoseenuuulassasresulslfsossunmumannansd (5]
o Tassadudou: nmwilveannsadddounatedu wu “wilsdevesiniFeuvedlsuiou” Fedaanis
N13IATILALUU Recursive AIUKLIVNITBI X-bar [8]
o M3agosAUsznoU: Mwilneaunsaagyszsu vienssuluuisuiun wu “Aut1iudr” defes
onuuulassaisiiannsa “mavane” Tuuniignazlel (9]
Aredofasanfang n1sumged X-bar unldiunisadng eassiuldniwilne Fslulynisasnuuunss

v
LY

Mgy walunslduuin “Iassadchensainfissiudu” wdsulidiudnvaziamzassnwlng
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2.3. f18819lATIF5 190N X-bar Y9191 lne

o

Uselon: “thiFeugrunilide” annsadnmeildlulassadauuy Constituency TneSagud X-bar fi:
[S NP nieu] [VP [V 81u] [NP wilsde] 1]
Tagannsaifiusedu X-bar I
[S NP [N" [N ¥niSen] 11 [VP [V' [V 8] [NPIN' [N viifdie]] 111 ]
2.4. msshsimindreanuandy
Tassadradselonifuadraimingendniedn heinsalmnuuizifunuulaifisusun (Probability
Context Free Grammar) Lunsasaananuduldvesdulifiairadulsslon udrinilasailsglonle

a ' <
HAauuazllugedn

9103V 4 dethudwiuanuiizsduresdulilasadisselonusn waz dulilassadieiiaedls

' I 1 ¢ a |
Anuaziduressuliiheinsaluuufaasuinnin

P(S;) =1.0x0.1x03x%x0.7x1.0x1.0x0.18x 1.0 x 0.1 = 0.000378
P(S;) =1.0x0.1x0.7%x1.0x04x18x1.0x1.0x0.1=0.000504

saiulassareiuliinuuiiaes ) dlemagnasialaninnd

(S)
(NP astronomers)

(VP (V saw) (NP (NP star) (PP (P with) (NP telescopes))))) (p=0.000504)

510 510
_— . _—
NP 01 VP 03 NP 0.1 VP 0.7
| N |\
astronomers VP 0.7 PP 1.0 astronomers V1.0 NP 04
/NN TN
V1.0 NPOI8P10 NPoa1 saw NP 0.18 PP 1.0
SE!".T st!a.r w!th telesclzopes star P1o NP o1

with  telescopes

35U 4 suldhensal nasulagesiu (e uaz ¥3)
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2.5. mathldldnuluadesuld
nsimualassasauldlaedmeu X-bar
o Tasahadianuaiianouazidusyuy
o dEdoNTIATISRluTRLaENMTainRuaNvuEnthienTal

aunsniludnuuudassdunsigviusylon (Syntactic Generation) o

e 5895UNSVYNY Treebank lUFNaNYTutoUNNTY
agslsiany defaaiinsimunsynsudstuvesssiamauasinualidany weliaunsoldluesesde
Futhedelaegraduszuu wu Tulasanis Thai Treebank 989 NECTEC [10] @l ulasan1sAwauinawiadain

AB9A1 Best [11]

3. AINIFIULATHUININITIAIATIEE1
nsdelaseasithennsalluadsuliifasondouuinieiidanunazaenndosiu wWelinisiinsenuselen
fianuuludainase wazawisoldnusuduedesflentwimansneufinneddig q Iiegadiuszansam
Tagiamzegrsbilunsdivesnming daldnvaziomeiunniaanawilungudula-gladou msfmununsgiu
Sefesinsanlimnzauiulasadreanwilne sielusedus 18 uazUselen
3.1. Tasea$19326Ua (Phrase Structure)
mwilnedunuiidlasadrawuuididundn (Phrase-Based Language) dsanunsaldlawanissauuy
Constituency Tree uaz Dependency Tree Tnsfinsdnlasiadndlussiunansiinnsanasiuseneuseldil
e 28AUL (NP - Noun Phrase): Wiu “dniSeungans” lne “dnSeu” Juunu (Head) 909
e 280381 (VP - Verb Phrase): 1y “e1untisde”
o ByWum (PP - Prepositional Phrase): 19y “lurfesiieu” Jadususheymun
e 2@n381Awal (AdVP - Adverbial Phrase): U “®e19510157”
waazadmsuenlaseasenelulrdaauaiuunumlulselen Wy Aunidsusesiu (Subject), NSTUAT

(Direct Object), n331509 (Indirect Object), @uaens (Modifier) L Uusu [8]

3.2. WnsgIunNsuinvdinaduaziviun (Constituent Labels)
Tnumsing q ludulsasinsdvundeninsgiu i elifamnsniinsgiviouvasteyalfog1eliszuy
Tnevhluaglidewnu:
o S:Uszlen (Sentence)
o NP: @AM
o VP: 38N38N
o PP:AUNUN
o ADJP: 2aRnuAN
o ADVP: 2&n3873iAunl

e N,V, PRP, AUX, etc.: wiam 7y Inusdarenn (Terminal Nodes)
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Tunsdlnwineg enadinsiinlvuname wu CL (Classifiers - Snwaiuna), PART (F19e), Wie NEG (FAUfas)
FasnPudmsumsinnubensalluusunvesneilng [12]
3.3. ASIANTANRUAILAYNITALRIAUTENBY
M lneddrdumuuy SVO (Usesu - n3en - nssu) Wundn uraiuisaadulaluunsusun wu n1séne
nssutuduiteiuniensarUsysuionsiuanusun w:
o “EWRUTTILAY” — “Autnuad”

o “Yrnuka’” (el “913”)

TnssadaduliidesanunsnsesiunsazUszsunionssulnouandluuaiignag (Null Nodes) niolngld
winfiers 15U PRO 130 @ Liteuansasduszneuiluslseg [7]
3.4. ANUABARAADINULINITFIUAINS
wiazfudnuazianzyosnvilng nsadrsedsiuliifaisddeisnnuannsalunisldausuiy
INTFIUAING WWU:

e Penn Treebank-style: 1tiun15WUe Constituent Structure WuuU Top-down wagn1suitn POS
wuvagLden [3]

e Universal Dependencies (UD): 11msg1usedunisiien fl4ldfunarsniwisustsniwlne
Taofin15U3uUge Schema liaenadesfunwifiiilassadrsliidudegy (Non-inflectional) wu Tne a1d waz
Keauny (8]

dmiunwilnedlassnisildiuimie UD egraduszuu 1dun Thai UD Treebank Tag NECTEC uay

1A59175 TWT (Thai Word Treebank) §sdnlassad1auuy flam wiou POS tagging wuy Universal POS [13]

3.5 WISz hensallanzuesnwing
AsdTanIsavatsunuIn: avdednulunitwilngetadulawamuiy nSen nsedrwal W
“HAU” — iU (V), i (N), HUS (Adv) T999991@8USUNBaZELINIE Annotation 7ATAY [9]

1Y

Mdnwamni: nwlneddnuauy delinuluniwdings Wy “tniSou aes au’ — “ass” iHuduan
“au” [Judnwuuiy fesuenaonanAuIuvan (8]
AILUALRUNTA: WU “Uy”, “B7, “§”, “Ar”, “ag”, e?iﬂﬁmmﬁwﬁaﬂus:ﬁuﬁ’ﬁmﬂﬁﬁ’ﬁ (Pragmatics) thay
asiiufinianiy Wy PART wie INTJ iilougnaniig
fogalassasnesulil (Luu Constituency)
[S [NP [N Hini5eu]] [VP
[V Au]
[NP
[NUM @a4]
[CL Au]

IN 973011 1
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3.6 TolAuDLUL
ﬂ1ﬁﬂ"muﬂuﬁmgmﬁﬁmiﬂizﬂauﬁa&J:
) fjﬁamﬁﬂimﬂa%ﬂﬁmiamquﬂigﬁmmm/ima
e $15°9AYDUDY Constituent Types wag POS tags
o STUUNIATINADUANNADAARDIUDIIATIASNS (Tree Validation Tools)

o M39ATIFAIBENS LiiuANBE LY (Annotated) NTANUMEINVAELAYATOUARNAN BTN INY

4. nsUszendld
adsulihennsainnwinedunumddglunsiauimelulagnienvimansaeuiiunes iieswindu
wndsdeyaidelassaing (Syntactic Structure) fild$unisnsavaeunasdnsifovudedradussuy adsdulsl
A MIdI88n5EAUANLLLUE1YDI5EUUUTENIANANTEI5ITHVIR Tnglanizet1ad sfuntunlne
Faflanududouludnneduiusednann
4.1. MIimuszuvInsTzilensalonludi

wilsluusslevindnvesadasiulsifensltiluteyailn (Training Data) dmuaiisuvudrassnsiiase
Tnsaafrauszloadalusiliinazduuuy Constituency Parsing 138 Dependency Parsing daidusingiu
Yoansulanwinisiaudilannunuieveslsslea wazszuuauneuluniwlve [5]

#eg1a1t1 Thai Dependency Treebank fifannlng NECTEC IdgminlufinszuuitliluanuunisGous
fedeadng (Machine Learning) wax N338u31T98N (Deep Leaming) Wu BERT-Based Parsers dmsun1wile
Faanunsoandefianannlunsiiaseilasadrchennsaiasldosnefiteddry [13]

4.2. Mm3vSulssssuuklan1s

nsulan1w1onlugld Wy Thai-English #50 Thai-Chinese) qeilszans ammunniuilestuuannse
dlalassasnnduazunuimvesditulsslonegregndes adsiuldvigliuuudiasmsuidlalulsgsiu n3en
EGQEREY S'TiaﬁmaGiami%’ﬂﬁﬁvﬁﬂLLaxn15%’mammwwmaﬁgné’aﬂummﬂmewm [14]
adauld nnunefionlosiu adsduld vean1wdu (Parallel Treebanks) Ssanunsaldlusu Cross-Lingual
Alignment wazn3szuUEnAsLUaLuUU Supervised laagnsiusednsnim

4.3. MyannAMaNYUENIINEFUNUS (Syntactic Feature Extraction)
adauliinglunsainaudnuasddheinsal wu sUsuuid anudnvesdiuldl duniwessesunse
n3s1 GeanansodlUidlunaneay w:

o MIATIRADUANIUYNABIVBIUTELEA (Grammar Checking)

o MsUsziliuAUGUTIUTDITRANY (Text Complexity)

o MadsUseloalussuuaunun (Natural Language Generation)

Tnslamgiun1ulned windnisavesduseneu W Usesiu wienssy adedulyiifinudodune

ag19azL8 Uz sz ydIuTi uilvey wazidugiudeyadmsuszuuraudilanien (Natural Language

P P
=

Understanding) Naneag47u
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4.4. MTIRVNWIAENTITAIUIN (Computational Linguistics)
Treebank Mwlnedaduwvasioyadifgdmiunsfnwnadnuuemebensal ww:
o ANULANANTNINUFUNUS TN DUAMUIEAUUINAUTLAUNINTS
o msfnulasaddilinsnulensel (U-Formed Syntax)
o MuATElassEsouLara N liTaUlunsAAL (Ambiguity)
adaguliifinsifindeduiy edrefidfdy wu adsiuldnwlnevedlasinis NECTEC 3o Thai UD
Treebank Faglvitinideanunsansiaaeuteduiivgrumnwenanslanndoyaisualg
4.5. MIFUNWIINYUALAIYIFENS
Tugumsnmeadeiuldbensainwlveanunsadluididuwadodionsaoudmsu:
o Ms@suvanbigInsallng

o NITADUAIWIAIAATITIINATIYN N1TTATILANONITADUVUNUFIUVOIAFIA (Comprehensive Of

aaa

Corpus-Based Instruction) dufu3sfitharwifildauaianldlunisaou Fenuinfidrutisenuszdnsam
UsyAvsnmnsdounuldgedu 15

o MIUIBULTIBUIATIATINNYIAN 9

Aisuaunsaneniunmsmvedlasainusglen wazdlaunuimvesdusazsialdainduldlieinsal
faininsesunesiedemiudiu uenaniiduhelidlanslinmiigndesmuniun waranmsduaulunslden

PfviargunuIniuniwne

5. unagd

o 1 a

adadulihensal nwilnedunsneinsaiwienans i fanuddyed 198 s ensiTenazimuinalulad
mwsssundluuiunvesnwilng unanuilldiauenmruvesuidei ugui eaduadaduls Tned it
ANy asrdsenou Tassadne wasanpssuiisidudeddlunsadedsiliifanuaenndesuazanusoiilly
Tumaiala

msasiedsiuldhensaidmiunwineduienuinme emndnuamamemshensaivesnwilng iy
msazUszsnu mslifimsfudiaunma vienymay wagnslidnuam Fedssendenguinnedusiug wu ngud
X-bar Tumsdalassading uarnmsivunnesguivangausuiiunsesmwivelpeanis

adalldl Aldsumsiavhegnadussuudunmumddasonswaunssuuieseihonsaldelui@ ssuuwvaniw
n1svianudlanie nisadanudneaeNInINedunus AaenIunIsAnwLaznIsaeun wlvg lagianie
TugafimsUszanananfmedyaussivg adeulifemstoyaddasaisifinanmg

q U

e gandsiuliiheinsalarwilneldiwiesumdunswensi@anada windudugiudoyad deaued

Y 9

Tulganweans Tausssu wagn1seusn¥n1w deanansatilusesonlunuidowasuinnssuauniwaans

AouRmasvadlnglarainane
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