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Abstract

1) Software testing and test case generation are critical steps that require significant time and expertise, especially in
complex and high-risk environments such as banking transaction systems. Since creating test cases is time-consuming
and prone to errors, it is essential to apply artificial intelligence technologies to accelerate the process and enhance

test coverage. 2) This research develops and compares the performance of four Large Language Models (LLMs):
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for automated test case generation in banking software testing

LLaMA3.2-3B, Typhoon2-8b, Gemma-3-4b, and Qwen3-8B, for automated test case generation in software testing.
3) The research methodology consists of four main steps: 3.1) Utilizing a dataset of 20,000 test cases, which covers
15,763 positive and 4,237 negative cases within the banking transaction domain. 3.2) Fine-tuning the models using
the LoRA technique and the LangChain framework, integrated with the ChromaDB vector database through a
Retrieval-Augmented Generation (RAG) architecture. 3.3) Evaluating performance using vector-based metrics, including
Cosine Distance, Euclidean Distance, and Manhattan Distance. 3.4) Assessing test case coverage using Test Coverage,
Functional Coverage, and Requirement Coverage, combined with evaluations from software testing experts. 4) The
results indicate that Qwen3-8B achieved the lowest loss (0.1558), demonstrating the highest learning accuracy, while
Gemma-3-4b obtained the lowest Euclidean Distance (0.5494) and Manhattan Distance (11.8533), indicating the
closest similarity to the ground-truth data. In terms of coverage, Gemma-3-4b achieved the highest Test Coverage
(93%) and Functional Coverage (91%), whereas Qwen3-8B achieved the highest Requirement Coverage (92%).
Furthermore, expert evaluations revealed that Gemma-3-4b received the highest average score of 43.2, equivalent to
86.4%. In conclusion, the study demonstrates that employing LLMs for test case generation can significantly improve
the coverage, accuracy, and efficiency of software testing. Additionally, these models can be seamlessly integrated
into chatbot systems to automatically generate test cases based on software requirements, highlighting their high

practical potential for real-world applications in the software development industry.

Keywords: Large language models, software testing, test case generation, test coverage metrics, vector embedding
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I wazdsnadninavldgls swsuaandasnssanis
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Agmtiivcien

{GPT 41 min) >

] |

speeuusnn

— i
— Preompt Toel i
=0 | euastenian |

] V

Searth Chvoma D

- oo 5
croate testcase wn_ | T
aovancad revey

UM Generate | 1
A

Wosel LM
(e Tunng)

mwmm‘ &

Figure 1 System Architecture

NN322NULUNI3I0Y

1. swuAnnal (Input Stage) TrULazSUTaMAUA
anudaImMIzanauas 1nglERIUINg Web Interface i
W68 Streamlit

2. §IUMIIATIZRIILIUN (Context Analysis
with RAG) izuuﬁﬁaﬁmu@mmﬁadmiﬁvl@i’%'umLﬁng
ATEUIUWNNTILATEAEIUTUN lapldluiaa LLM was
\Houdaiiuszuy RAG uazmsaensunld Vector Search
HAugudayaaniaas ChromaDB AlFmutasdaninu
\u Vector embedding ui1AunIINIIRTaYAAIY
semantic similarity

3. ®IuMIU5zu28KA (Processing & Test Case
Generation) %‘uﬁm’%u‘nLLazﬂTaﬁmu@mmﬁadmi‘ﬁ'a;ﬂ
leidngluaa GPT-4.1 mini uazluiaa LLM fivh Fine-
Tuned ud Wislfszuuvimsitaseiains Test Case

4. §IUNIABLAINTY (Answer Generation &
Memory Storage) M3yszananaazgnaanauliildaulu
EﬂLLUU@fﬂ@laumalmqu%{i Positive Ll Negative Test
Cases wasifiudsedamsldanwielddasaanmssunu
(Tiwari et al., 2022)

nsiUsIUTINTaYA

mi@f"]Lﬁumﬁ%'m%df?l,@i’%'@L@%wm"ﬁagaﬁ
Usznaudiy Tamuuasaneiis uaz nIdnasay (Test
Cases) I@Uﬂiamgumsﬁwmuﬂﬁﬂmaasznuﬁmmﬂﬁuﬁ
N13EINE%, NITRBWIER, NITUFEAIIIUNITART YT
e-Statement, MIUTLT msmmnﬁwﬁw%a;ﬂ*ﬁuaz
IRREW wazmsHududaumamsaunuluniii Usznay
@Tm"ﬁagaﬁy'wwmﬁmu 20,000 518715 laouyaln
Positive Cases 31%% 15,763 T18N17 (78.82%) LA
Negative Cases 9142% 4,237 118113 (21.18%) I@mg@
ﬁa;&aﬁy’mmﬁ@LﬁuiugﬂLLuuvLWET csv lavsaiedaya
uaasl Figure 2



452 Hathairat Janwittaya and Ratthaslip Ranokphanuwat

i
{1
i

R

O 1 B

{

TRRRINNY

LR

£

HHEEHHEE B E T

HE(

Figure 2 Example of Test Case Data

21Nn7 Figure 2 ‘[maa%’m'*ﬁ”aga sznavaiy 9
aaauil laun

- Test Case ID: TRALAN1ZVDIUARLNITINATDL

- Requirement Text: Taanaamuuasangiis
fifieadas

- Test Case Description: ANATLNENINTIND DY
NYINasaL

- Test Steps: SunoumInagaufidoeiums

- Expected Result: HadWEAAIa®nIIaN3
nagay

- Test Case Type: Uszinnaainsthinasay
(Positive 'S0 Negative)

- Label: %mwgﬁtﬁmﬁaa

- Automation Status: ®DNUSNIIVNIH

- Priority: 3:@UAMNEAYVAINIANARAL

lun119aa1aunIuE1AY ey Test Cases
nauals 7wau Medium 314I% 18,432 11803 (92.16%)
326U High 971%7% 975 118017 (4.88%) 726U Critical
IWIU 274 TNUNNT (1.37%) UWALIZAU Low 912t 319
378N17 (1.60%) Wanswamuazdszdnluies p VRIS
gﬂLL‘.Li\‘lLﬂ% 2 &% laun Training set Laz Validation set
Gﬁdﬁlﬁ%miﬁimmu Stratified @MU T2LAN Test Case WRAS
¢4 Table 1

Table 1 Test Case Data Sets

Dataset Percentage Test Case
Training Set 80% 16,000
Validation Set 20% 4,000

3asilauaznaluladiily

1. lueanwawialvg (LLMs) 14 LLaMA
3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B T
m:mumﬂ%’uﬂyiwma

J Sci Technol MSU
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ac . o o a o ~ '

W33133n LangChain §1%30U3W153aN1IN15LTaude
eI9luias LLMs NudayaaNITzUY RAG WAz ulioys
LNLADS

3. Agent Muuy ReAct Agent ix3nsadaawla
=) Al =1 v Q L 1 v
WeniatasfialWinunzauiy Intent 20957 danali
szuufiannubangulunisaavauaiuaziion pipeline
MIUTENIRNADENIANZFY

4. Memory Conversation FULIANIALLIUN
MIFUNUI (BufferMemory) taLALLSUNNNTRUNI LY

' . 8 [ Y a K

weiaz session G978 LLMs RIN13DE19898IUNIUNTN
Aawnin vlEnisasueNdaNsaLtosuaziainy
whlauSun

5. 32udays ChromaDB sxuulddniuifiy
embedding vectors Ta9LaN&1INIDLILUNALALITINLI
nagausaNdwIsine Mlwnsaeeaaulas LLMs

6. LangChain ulaumInaniltlunisaine
Agent, Chain, Tool, PromptTemplate iL8s Memory o
Wwwzagidanansiunundadieuda LLM Audaya
Aeouanidneuiuly Chain g7

7. OpenAl API l5sn5ui5unltluias GPT-4.1-

AR A A A a & a

mini mmﬂszaﬂﬁmwgﬂumsagﬂ ANTER WazU I UNE

8. NIW@w1 Frontend I@]Eﬂ;’ﬁ Streamlit 19w
1309508 1WTURINI Chatbot Fatilulatwnsasasns
waUNR AT LTI Idnaw

MR luea

nl1vaanuuy Prompt Lﬁ"aa%fw Test Case v8J
Tauiaa LLMs laslassa3nved Prompt wtiseanidu 3 i1
sznauaig

System Prompt muual#lutaadunuinidu
Software Tester daa1Tw ﬁﬁ%ﬁwﬁ'a%a Test Case lag
ﬁmit?u’l%\‘lﬁ’m Functional, Positive / Negative, Security
IWae Performance Testing

User Prompt Requirement “ﬁaﬂawﬁ;ﬁ%:q
“amadasmIvessrun” el lniaasine Test Case an
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msdSuuasluaainaiia LoRA

mydSuussluiaa wiumIaamszaunIdszunana
wazwiaeauin TusasAdiaansayiunssluiaal
wNzaNAUNBanziwldagalUszansaw lasns
HAnlautaavzinrwiandu FastLanguageModel.get %d
JunmsSunldnuanlaun3 Parameter - Efficient Fine-Tuning
#8950 LoRA layer aUATIUA LazMISIAmNTLaes
nadia LoRA AlFlunuideil ugasds Table 2

Table 2 LoRA Technique Parameter Settings

Parameter Value

R 32

Description

LoRA rank
higher=more
capacity/better fit,
but more VRAM/

time

lora_alpha 64 Scaling factor
adjusts the
updates to match

the value of r

target_module Layers where
LoRA adapters
are applied
(Attention + MLP)

for broad

“q_proj”, “k_

proj”,
“o_prof’.

V_proj”,

“gate_proj”,

“up_proj”,
“down_proj’

adaptation.
Layers where
LoRA adapters
are applied
Attention + MLP
for broad
adaptation

lora_dropout 0.05
Dropout on LoRA
paths
to reduce overfit-
ting disabled at

inference

Bias none
Reduce the
number of
parameters and

model complexity

Parameter Value Description
gradient_ unsloth
checkpointing Recomputes

activations to
save VRAM slight
training slowdown

random_state 42 Constant value
for reproducible

randomization

iafiaiftoldmansadsuudluaasmalng
Iof TaglisdudasdUinammndinosranue dnali
ImuﬂamminL%ﬂuﬁé'nwm:mmw 299134 Test Case
ldadsuduen aurTaUszndaiatuasninenslu
AszuIwMsUSULGs laasnslidseinTan

m3U5uuaslutaa (Fine-tuning)

Pre-ained Lrgs Language
Made (LLM)

Fine-Tuning Loop

Bacwward
Frripe i Compute Loss. Patt Updats
LoRA Weights Only

on e
o LY

e

LoRA Rark

Low-Rank Decomposison: -

Original LLM Weights
Frozen

LoRA Adapters
(488 mat)

Madel Evaluation
& Vaidation

Fine-tuned LLW
{with LoRA)

Figure 3 Fine-tuning Data Data Process

NITUIUNTIVILNAKA Low-Rank Adaptation
(LoRA) URAIGI Figure 3 %dL'ﬂuﬂi:U’mmi Fine-tuning
Data #1%5UMIUSuLGslulaa LLMs atnafitszansan
Tagisuanlutas Pre-trained LLM %93 Original LLM
Weights “?‘igﬂ Frozen 3:WI9NT2UwN1TUIULEY (Low-
Rank Decomposition) Lﬁ;aa%n LoRA Adapters ‘ﬁlﬂima‘u
fewr3ng A waz B laonssuawmydsundaiadul
Fine-Tuning Loop ﬁﬂi:ﬂa‘uﬁaﬂ %umu Forward Pass
laald LLM uinnuwun3ng B n13A1wlos Loss Wag
400NN THIHIWNETY Backward Pass 32U192¥ANT
Uszdutsz®nsnaw 1useas 9 uazaiunsidnaunia
awldluesfiSuudsiaunsalinadnifidosns dams
Usuudsluaadmemadiail sansnansiwumiiaed
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Adasiinasatneann TrUsnianiiannuiuazml
min luwmeAsnssnnyssansawvesluaalilalng
WesAumIlTuuadsuu AUy

mMsssemniaed dmsunsSuussluias
LlaMA3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B
sewamstinluieafnanzay (Hu et al., 2024) UFas
@4 Table 3

Table 3 Model Training Parameter Settings

Parameter Value Description
per_device train_ 1 Number of training
batch_size samples per GPU

gradient_accumula- 2 Number of gradient

tion_steps accumulation steps
suitable for the value
of r

warmup_steps 5
Number of steps to
increase the learn-
ing rate

num_train_epochs 2

Number of epochs the
model will train on the

data

learning_rate 2e-4
Learning rate used

during training

logging_steps 1
Logging frequency

adamw
_8bit

optim High performance
with lower memory

usage

weight_decay 0.01 Weight decay rate
to prevent overfit-
ting

Linear decay after
linear

Ir_scheduler_type warmup

N3TUIRNNTINANNARLARITTHRIIINLADS
mMyiaaNuasgARIIzRINNae3 HuIuaon
saylunIasaseugmnInsasaiaeauildainluiea
Ao € A o o o A %
lasfifandszmditaiaduanuseandaamioanalng
. ° { v X o o a
Apssznivamasuilueasssluiuanausss lagam

a o

Feoilaidenltivasnigariniaas 3 dszianlawn

J Sci Technol MSU

1) Cosine Distance Ifgf@]ﬂ’s”l&lﬂﬁ"lUﬂﬁ\‘nfﬁd&!&li:%’j’m
nneesvesgestoanulaslasening 0 - 1 Woutasiu
Cosine Distance ﬁwﬁaﬁammmﬁdmmlﬂmﬁmga
2) Euclidean Distance 15305z 2vn 989510 dasening
nnma%aaaﬁg@hvﬁuﬁmmﬁa AnBotoauaasinAney
ag’lﬂﬁﬁu@fmamﬁa 3) Manhattan Distance P enultt
’3’@15:U:ﬁ’mzijonﬂmas‘aadﬁ;@iuﬁuﬁﬁmﬂﬁ?\ﬁwﬁdlﬂﬁ
0 nassseslndiAsvIamiouiuun ﬁa@hgamﬂ
NAaSHIFILANAITMINN aUsziuanunineaas
s:ﬂdw@fmauﬁ‘[mma%dﬁuﬁuﬁmauﬁgﬂﬁaa‘[ml"ﬁ
JHIER Alibaba-NLP/gte-multilingual-base (Abbad et al.,
2016; Srikaewsiew et al., 2022; Zhang et al., 2022)

N3TUINNIINNIH2 D9 Lang Chain

1. N1I2aNULUU Agent @18UUWIAA ReAct
(Reasoning + Acting) Tn LangChain Telw Agent ﬁ
Juiedaudiy LLMs 1% GPT 4.1mini #131503L05129
Jamuszdonldindosiio vilszunfianafonduuas
ALY l6aL9TIRaNA (Jacob et al., 2024)

2. N138319 Chains w”w‘amuqua”wé’uﬁmau
§aludid Tag LangChain 3:1#ln39a319 Chain iialda
Teamsrinau

3. Memory AUUIUNNTRUNW (Conversation
Buffer Memory) Gﬁuﬂugmmu Short Term Memory WD
wihsaNuIsEurauasuTnUanlasastufind anwuas
ANNBUNAUAIN

4. mydensaszuy RAG lasinuaiilu Retrieval
QAChain #38mnua Custom Chain ﬁl,%auﬁugm‘ﬁaga
1Inaes Chroma DB lwsuddwitldnsutasdarnue
anudainiasdlinuliiduiniaasilsd (Embedding)
wazinllFdumSunviedayafiinadesangiudoys
NNLABsEINa? Aauwazlszananaiasiilauasao Ui
winnzandell (Bag et al., 2024)

5. A3 Prompt Template N lElun13asne
Prompt “?'immimf’mu@ﬁ’mﬂiﬁ’lﬁmu LT% requirement
uaz context leatsBangu tioliluaamaniniudays
FamunuaanudasmsuazUsUnfilisdesluuda nsdile
amagﬂﬁammﬂﬁ'a%u

6. mssamsiaiasiio Agent Tool luszuy as
Ffivmslasmsideniasesiio URETANIELIUNTLIZANA
HAW3® Chain MBaNzaNEMSULARZNNIA
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wan1stlIsunaudsz&8nsaan

MINAFBLINUIU 4 LWLaa Usznaudie LLaMA
3.2-3B, Typhoon2-8b, Gemma-3-4b L8z Qwen3-8B UH
Testing Set RelszlulssinSnwaedniasdeiwanniu
Taglfen Loss tutnausilunsdssiiin uaadad Table 4

Table 4 Performance Evaluation Using Loss

Development and comparative evaluation of large language models

for automated test case generation in banking software testing

Table 5 Evaluation Using Test Dataset

Model Cosine Euclidean Manhattan
Distance Distance Distance
LLaMA3.2-3B 0.1738 0.5514 11.9051
Typhoon2-8b 0.1746 0.5524 11.9234
Gemma-3-4b 0.1736 0.5494 11.8533
Qwen3-8B 0.1765 0.5624 12.1406

Model Average Training Loss
LLaMA3.2-3B 0.1946
Typhoon2-8b 0.1703
Gemma-3-4b 0.2529
Qwen3-8B 0.1558

91N Table 4 UEAINANIIUILLAUUTZANTAINW
vaslutaanmurwialug 4 luas lagldinmsd Average
Training Loss 1wz iasdn lumstsziuanuamusn
lunsiSeuvasluien 1nuaniInanaswuil Qwen3-88
Wa9L3EENTNINFIgAdIuA1 Average Training Loss
‘ﬁ@%’]‘ﬁlqﬂ (0.1558) ug@IAMAEINIDUMIEBUIINToY A
Hnautwlaad9ldsz@nsain auds Typhoon2-8b
(0.1703) uaz LLaMA3.2-3B (0.1946) enaaal T med
Gemma-3-4b WL&AIA1 Average Training Loss gIga
(0.2529) S'f}amﬁ]a:ﬁaulﬁﬁuﬁaﬂi:mumﬂ%wfmaa
Tuias m37i Qwen3-8B uaz Typhoon2-8b dariluluias
2170 8 Widuwninefuaasls=ansawianiluies
pyraEnnIuluanuenanisal uennsf Gemma-3-4b
A9 Loss ganinusiazlvwmananasewing LLaMA3.2-3B
wazluiaa 88 anadunantaniadumuaaniasnysa
Tueansinluaa w%a&’ﬂwmwaaﬁagaﬁiﬁumiﬂﬂ

namsdszifinlagliyadayanagey

mMydszilunaazldinasnnan 3 135 leun
ﬁhm?g&l Cosine Distance, Euclidean Distance Lag
Manhattan Distance LU3suifisuiiniaas Embedding
TwinaaaunlueanuAIaauads laalsluiaa Alibaba-
NLP/gte-multilingual-base W8@4¢4 Table 5

msdszdinanalnatfssszninedinay

mydszidnanulndidssseninsmaauiile
lapRanTanann 3 WwWasnuan baun Cosine Distance,
Euclidean Distance a2 Manhattan Distance nM33tA31¢%
L‘]J%SJ‘]_JLﬁEJ‘.LIﬁﬂﬂm:ﬂ'ﬁm}ﬂLL%Gi:U:ﬁWGIﬂ&Il’EfJ’a}&a
88193 4,000 FIENTILATIERAMNUANA1I8EN
FALUUANHUZATUINUIIVDILARETD

Distribution of Distance Scores

Figure 4 Average Similarity Score of Model LLaMA3.2-3B

Model LLaMA3.2-3B HaN 3L a e ALaadlAlfAn
AMULANANIANBHUEA1THANLAILAL Cosine Distance
fnsuanuasidansmelnfdsanunisuanuasdnfud
wWudnidey daduads (W) LLaz@hangmﬁLmﬁ'u
0.17 uazd Interquartile Range (IQR) ALALLAEY 0.15 (Q1
=0.10, Q3 = 0.25) azﬁauﬁamsmzqﬂéﬁmaa‘*ﬁagalu‘*ﬁw
fnfidantasn Twmeasenudru Euclidean Distance Waas
mswanuasuuuUndfisuanasinndu dadady 0.55
uazenTE3I 0.59 wazd IQR Wil 0.26 (Q1 = 0.45,
Q3 = 0.71) f‘fiqLLamﬁamsmzmum”’;ﬁam;asaumﬂmq
8§ Manhattan Distance #nnswanuasfitanagnoen
Fa daweiade 11.91 Adndeaitagin 12.73 uaxd IQR
fintheann fe 8.52 (Q1 = 9.76, Q3 = 15.25) xiaudls
MINTEALTANRAINAANY

Distribution of Distance
utdean Diviancs

Figure 5 Average Similarity Score of Model Typhoon2-8b
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Model Typhoon2-8b HAMTALATIEHLRAILALAL
ANBILNIUANUIILALAAENLANIIFARA Cosine Distance
fmsuanuasidunednoduta dodady (W) 0.17 7
InalApsnud1dsugn 0.18 uazdl Interquartile Range
(IQR) ﬁLLﬂmﬁm 0.15 (Q1=0.10, Q3 = 0.25) NINIIN
@TTUaw]’agaslumamﬁﬁauiwﬁﬂLLa:ﬁﬂﬁmmmé’aﬁ
e lunnsasanudny Euclidean Distance W&AINNT
u,aml,mLmuﬂﬂﬁﬁaummmﬂﬁq@ FIUANARY 0.55 Uas
Aaimogn 0.59 AlndiAssiuuazd IGR iy 0.26 (Q1
=0.45,Q3=0.71) LLammiﬂi:mméﬁﬁau@mm:aumm
38UAINANY Manhattan Distance ﬁmimmwdﬁl,ﬂ"‘lnﬁ
azhmﬁwﬁ'@ﬁq@ duduads 11.92 ﬁ@‘iﬁﬂdﬁ@hﬁ'ﬁﬂgm
12.83 ua=dl IQR Ainteann @a 5.48 (Q1 = 9.78, Q3 =
15.26) Fxrioufisn1snIzLaAfinaINrany

Bistribution of Distance Scores

Figure 6 Average Similarity Score of Model Gemma-3-4b

Model Gemma-3-4b HANTILATIZHLRAI bALAL
AMULANGNIIANHUENITHANLII LAY Cosine Distance
~ A o ' e o ' A
Insuanuasniianaiisduta arudafe (L) 0.17
el TEgI 0.18 NINALALING WIBNGY Interquartile
Range (IQR) NuALLNEY 0.15 (Q1 = 0.10, Q3 = 0.25)
a:ﬁauﬁomini:qﬂ@ﬁmao’ﬁagﬂuﬁ’mﬁnﬁ@iauﬁne‘hLLa:
§n17052918@2N9Na tuN19aIINKIIY Euclidean
Distance LLammimemLmuﬂnﬁﬁawmmmﬂﬁqﬂ @nel
' A . @ A v A @ A
ALafy 0.55 uazAnaisagIW 0.59 NnatAnING uazdl IQR
WinAL 0.26 (Q1 = 0.45, Q3 = 0.71) LFAIDINITATLANY
@T’sﬁauqaLLa:aummiaumnma §2% Manhattan
Distance #N13HANLIINUTIHDENILAUTA GIDAURRE

Ao o @ ' o a A
11.85 NAININANNTHIIN 12.80 8L NTALIU Wazdl IQR 1
5.71 (Q1 = 9.55, Q3 = 15.26) R=¥IaUIINNIINILINLAIN
%mﬂ‘v\mmm:ﬁmm"l,&iaummga Iﬂswudwﬁifaqﬂa
i'hmumﬂﬁﬁ@hgand'lmna'lwaun'ml,amm

Distribution of

Figure 7 Average Similarity Score of Model Qwen3-8B
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Model Qwen3-8B WaNIIALATIZHALAAI LALAY
ANULANGNANBIULNNTULANUILAE Cosine Distance 4
mMsuanuasiianedhaduta aodady (K) wazen
Frag i o.18 uszfdndaumanasgu (0) fis
W9 0.09 Wiandiy Interquartile Range (IQR) fluA
WYL 0.16 (Q1 = 0.09, Q3 = 0.25) MINTZINAIVAITBYA
Peautniduasdnnuulsaunsinalunisassnuaie
Euclidean Distance ugasn1suanuasimanlnguuuing
mﬂ'ﬁ'ag@ fuA1LRAY 0.56 WazANATEIIN 0.60 Alnaidne
A Senudoaunuana s 0.19 uaz IQR it 0.24 (Q1
= 0.46, Q3 = 0.70) LLamﬁamim:mmﬁﬁauqmm:
§NUAT Manhattan Distance Ainsuanuadaneiifang
\Snitas peads 12.14 ﬁ@‘%ﬁﬂdﬂmu‘"ﬁﬂgm 12.92 8819
LAUTR ﬁ@i'nﬁmmummgmgaﬁ 4.13 uaz 1QR Aints
5.23 (Q1 = 9.97, Q3 = 15.20) azﬁauﬁam‘sm:mm@”’;ﬁ
Aanrasuaziany liaunnas I@]UWU’hﬁﬁaHﬂﬁ’]WJu
mﬂ'ﬁﬁmgaﬂdﬁmﬂmwaummamm

Nan'lﬁmi’lzﬁﬂ')'mﬂiauﬂqw Coverage Analysis

I@Umﬁmﬁ:ﬁmaumgu 3 o1 Test Coverage,
Functional Coverage, Requirement Coverage lauinua
S rNRBANNUTBINTTIRIRNA 50 40 tiantAsiAy
sruvlusuwiaisuazszuuialy (Non-Banking) vinnns
namours 4 luias ldur LLaMA3.2-3B, Typhoon2-8b,
Gemma-3-4b L8z Qwen3-8B (Laplante & Kassab, 2022)
LRAIAY Table 6

Table 6 Coverage Analysis

Model Test Functional Requirement
Coverage Coverage Coverage
LLaMA3.2-3B 87% 85% 86%
Typhoon2-8b 91% 90% 89%
Gemma-3-4b 93% 91% 90%
Qwen3-8B 90% 89% 92%

31N Table 6 LLamNamﬁmiﬂ:ﬁmwmaumgu
paslutaansiawialng 4 luies NHANIINA8DI
WU Gemma-3-4b meﬂszfﬁw%mwgaq@luﬁm Test
Coverage (93%) Functional Coverage (91%) Lag
Requirement Coverage AL (90%) ANA28 Qwen3-8B
ﬁﬁ Requirement Coverage gIga (92%) LA Test
Coverage ‘ﬁ (90%) ez Functional Coverage °7i (89%) lu
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aefl Typhoon2-8b waaduszantanluszaunaislas

Requirement Coverage §38§@ (89%) Test Coverage

'
=

ﬁl (91%) uaz Functional Coverage 71 (90%) @1u@28
LLaMA3.2-3B LLﬁ@]dﬂSZﬁﬂ%ﬂ’lW@%’IQ(ﬂluﬂﬂLﬂM‘VTﬂ’]iﬂi‘:Lﬁu
@‘T’mmmmmamquag’luma Test Coverage (87%)
Functional Coverage (85%) Lz Requirement Coverage
§I5A (86%) matsuiieuiasrauliifininlueaid
v fmafunninlisududesusaslssinsawiianin
lunndu las Gemma-3-4b AflvwalEnnindunaas
Uszansnwlunsmaseuuasiefiunsrinemm 4se1a
unan1a1nnTeenuuUaniagnIsuRRINE auLas
nszuumMsEnfifidszansaw

wamsﬂsuﬁuwafmél%'mmmu Expert Review

Uaziliunannugndadvay Test Case Aaslay
Tueaassiudorwuamandun§ noludn Input, Process
W8z Expected Output Imu;jl,%ﬂ'amzyﬁwuﬂ’limaau
waWduas leun Software Tester uay QA F1UIU 5 AU
AU Software Tester, QA fﬁaﬁﬂsmummﬂumaau
seuTandu$ lasvdeds iulnanua 10 ade tnoas
Ut UNIATIRIN 5 ITAVUFAIAY Table 7 ;jl,%mmmﬂﬁ

auundszduluudasindo doudszau 1 @i”]ﬁqﬂ ARREL
5 gaﬁqm Taofasunusanidy 50 azuun nansUszifin
WEAILANTIA U WYDY Test Case ﬁa%amniumahgu
wesaIR U JIRnuaT Fuiluilivadalumsfarson
ANuANNzaNraINIUTzendltluaalunisainansd
NAFOUFIRILIUNAFaUTaNGUIS (Ammann & Offutt,
2017) LRSHANINARBILEAST Figure 8

Table 7 Criteria and Operational Definitions for Satisfac-

tion Ratings

Satisfaction Description

5 - Very satisfied Fully meets the criteria clear

and practically applicable.

4 - Satisfied Meets most criteria with good

detail.

3 - Moderately satisfied Adequately meets the criteria

but needs improvement.

Meets some criteria lacks
completeness.

2 - Somewhat

Does not meet the criteria not
directly usable.

1 - Very dissatisfied

Chart Title

Userd | User5 | Userl | User2 | Userd | Userd | UserS

e
32 El
H H H H H H H H H H 3 H H 3 H H ] g

Userd | User5 | Userl | User2 | Userd

Userl | User2 | Userd | Userd | User5 | Userl | User2 | Userd

= Ay wAsauAguuas Test Case

il el

Figure 8 Graph Showing Quality Evaluation Results of Test Cases



458 Hathairat Janwittaya and Ratthaslip Ranokphanuwat

277 Figure 8 nHaMIUzinaNuiinalazas
Q”L‘%"mmtgﬁmmsmaausﬁavﬁ@ﬁn%@iaﬂsfﬁ,maafu (Test
case) Aaslaslutaa wuinluiaa Gemma-3-4B
ﬁﬂsz?«m%mwimm@iuﬁq@ Tao'lé5y azunniado 43.2
azuuk Aaduipuas 86.4% Lﬂuﬂ:uuugaqdmmunn
MTemIUsndiu axveuliiduisnnusunsovaslues
lun37379 Test Case ﬁﬁmmmamquﬁ%umauﬁ%’mw
URZFOAARDINUTaNIAUATEIIZUL Requirement 38483
unAaluiaa Typhoon2-8B AZUWAAE 40.8 AZUHK Aa
Huteuaz 81.6% usasliifnislszansnmiialunans
A T,@mawwzﬁmmmgﬂﬁaaLm:mmmauﬂqmaa
ﬂiﬂi‘l’]@]ﬁau‘%dLﬂ%ﬂﬁ]5U§WﬁmluﬂﬁiﬂS$LﬁuQMﬂ1W Test
Case luLaa Qwen3-8B muuum’éﬂ 40 azuun Aatdu
$0082 80% Ay LLaMA-3.2-3B AZUUHads 39.2 Azl
failuiaoas 78.4% wundnanmUsaiiulndidsanuany
sau udasiazunmaioaniilueain wdfansaglu
sedufimansnsansuldmiunsaine Test Case Liie
miﬂ@aaumamﬂn%nﬂiuL@aﬁqmﬁma:qma'aw?']'
wanenInuluaaziitan Uz iu axenliiAud
FnuMwuaIluLaa lun138379 Test Case ﬁﬁqmmmﬁ 84
wasgwiunILszendlElununeseusendua$ass lums
Uiudyedes@ntaw 1ow mnﬁummmamqm%aﬁn
YaInTtinasas (Depth of Coverage), NMIFETINTOMTIAL
(Negative Case) LLa:miLﬁummvxa’m%mwaa
ROUMIDINARL

N131%91%32UY Chatbot

Tuauidoidlevauiszuuaionsdinagou
Salualagltluaamesnamalng iesessunisldnau
HNWI=UY Chatbot S9ze/lw Hlfnumansndaudamnua
ANUGRINITVBITUY (Requirement) WasITUNIGh
nagauiigaansastuiewladinaldlassaluiaiuds
WS

J Sci Technol MSU

[B) i resteons ot
JUrsmndrgmuimiammia oTp

JrsmodenipBiumunssapiyinemdd

viufl (Real Time) Faaanaaamih (Scheduled Transfer)

suvuamissTanisuinuiuiumsTou

§lanrmadusinisTowsi 0TP wiassuumrun aonsaiu (1 Face ID)

6 wou:

(Test Cases) ! oy A e

Test Case 1: Mg mwuuA1B a1 (Password) (Positive Functional Test)

1. Test Case Ib: T€_LOGIN_001

2. Description: g fgnit

Jldnmainuusaieldnaindui
o whwhgmuwiandnu
4. Teststeps:
L @awi Login
2.l Usemame fignfia
3. v Password fgnfins
4. wlniJu"Login®
5. Expected Result:
o suvaplmmigE
fig i man (Dashboard) Iidude

(nranuadndvionEmasoy)

8. Test Type: Functional
9. Positive Test Case: 9 ayafignina

Figure 9 Chatbot User Interface Display

970 Figure 9 WEAIAIBENINTITNUTZLURI
Test Case daluiaaloluias LLM luuSunuasszuulanidn
NIUTUIATT Lﬁ'a'«j’waaamtﬁmﬂ‘*ﬁmm%wadgﬂ%ﬁl,ing
sTUumyIRERUa 9N LLﬁ@dlﬁLﬁ%ﬂitﬁﬂﬁiLiﬂg&

U = ' dl U né | Ié g
JTUUMEIRAHIUAYNd 89 Fadunitalu Positive
Functional Test va93zunlaniduriuswmnns laogldau
l& Requirement fidasn1s wiu “dngszuudisnanw
J2UUEATNI Test Case NuUsznavaly Testcase, Test
Steps, Expected Result uaz7ayad18e4 Test Data 819
v ‘ﬂl v o v ¥ Aa

asudn Walwanauisavn lulneseuszuulaass

ﬁEﬂNaﬂ"iﬂﬂaaﬂuazﬁaLﬁ%all%g
1. nmswSsunavilseansnwaaslaiaa LLM Ty
#3719 Test Case
mstszflnuasdSouifisuyssanTnnaesluies
muwalrg 91wn 4 lutes leun LLaMA3.2-3B,
Typhoon2-8b, Gemma-3-4b Uaz Qwen3-8B Loz
nsUsziinanuauTavedudazlutaalunnsananyal
NAFAUINNTENMAUAAINNGBINTVaITaNGWIS Las s
B Tanan 4 & leud dn Loss, Cosine Distance,
Euclidean Distance W&z Manhattan Distance Han131U381u
Wauwuin
Tuian Qwen3-88 i Loss Afigafl (0.1558)
%aazﬁauﬁamwmmsnlumsﬁwfmaa‘*ﬁaga, luLaa



Vol 45. No 4, July-August 2026

Typhoon2-8b (0.1703), luiaa LLaMA3.2-3B (0.1946) uaz
Tuias Gemma-3-4b (0.2529) 11943 TuLaa Qwen3-8B 3
ANNLaBENlNNIFI9 Test Case mﬂﬁq@ Ty e
Gemma-3-4b ﬁmmﬂm@m’é‘aumaawaﬁwfgaﬁq@ i
Asananulndlfsadaaniaaswuin Gemma-3-4b T
NaﬁwﬁﬁlnﬁlﬁUoﬁuﬁagaﬁamﬂﬁq@ lasdien Euclidean
Distance @il"lﬁgﬂﬁl (0.5494) iLaz Manhattan Distance @13’163@1
# (11.8533) a:ﬁauﬁagannma%ﬁhmaaﬁ’wﬁuﬁmi
nsznpdlnaldssiudayasds lunnauiu Qwen3-88
walazfan Loss @i’ﬂﬁq@u@iﬂé’uﬁm Euclidean (0.5624) ua
Manhattan (12.1406) gaﬁq@ %o%lﬁtﬁu'jﬁagaﬁa%ﬁama
ﬁmsmzmaé’aluﬁaﬁagqn'jwn@jwé"u §133a Cosine
Distance Wu31 Typhoon2-8b ﬁ@hgaq@ﬁ (0.1746) uaz
Qwen3-8B fenlndiAnsfi (0.1765) uaasfisanalndidss
maaﬁﬂmanﬂmai’ﬁuiagaﬁo unuzfl Cosine Distance
209lu1a8 LLaMA3.2-3B (0.1738) waz Gemma-3-4b
(0.1736) agluszavlnaiAoariu mydsaiulunSiaerion
IWAnanuuandduaauisuszaadonsatudazluiag
atdtalan las Qwen3-8B Hanulaalduaiuaing
LN HENVBINITRINY Test Case (Loss @i"}) LEAN1INTZaNe
daniaaidautng Tume?i Gemma-3-4b Haalng
LﬁmL%mﬂma%guwimwmmuﬂwfm’jw &% Typhoon2-
8b ﬁfg@L@iuﬁmﬁﬂmanﬂmai‘ﬁlnﬁlﬁya“ﬁagaﬁa LAz
LLaMA3.2-3B ﬁmmauqaiunné’a%%'@ maseufiouil
FlfiFuinmadenldlues LLM s mSunisaie Test
Case MTRINTININNRAETIEIaTI0AL laasRaTon
ResanladwitafoasiandszansnwaasTuiaaldodng
50U % HadWETsUsEiudazluiaamunzauiunIg
ﬂizthﬂ@lslﬁuu%UﬂﬁLL@lﬂ@iNﬁ% %uag’ﬁ'ummﬁaamiﬁm
anuuinirIaa NN lnffsuTanneesveITLUNAFaL
WG e IN TRAIN

2. ﬂ']‘iﬂiztﬁ%ﬂ')']&lﬂiaﬂﬂaq&lilaﬂ Test Case

mﬁ@mmmamqwhﬂ%@f’s%"i@%é’ﬂ 3 dszan
ldun Test Coverage, Functional Coverage 8¢
Requirement Coverage NANIU LU UNUAN

INL@]Q Gemma-3-4b ﬁ@hmmmauﬂqugaﬁqﬂ
lugnu Test Coverage (93%) Lae Functional Coverage
(91%) wioumaiien Requirement Coverage agj‘ﬁl 90% 44
sxrfoulfifindonumunsalunmssironsdinaseud
mauﬂq;Jﬁy'ﬂm:ﬁuﬁaﬁ’%’mmzﬁaﬁmu@

Development and comparative evaluation of large language models

for automated test case generation in banking software testing

laiaa Qwen3-8B fen Requirement Coverage
gdqwﬁ 92% uazilen Test Coverage 90% nu Functional
Coverage 89% S3usfzanin Gemma-3-4b 1dntaslu
@ Test Waz Functional Coverage LL@iﬁﬁg‘@]Lﬁd@T’mmi
AvaungutamwuaTaneuns

luiaa Typhoon2-8b wudwﬁmm’mmamqw
Requirement Coverage 89%, Test Coverage 91% &g
Functional Coverage 90% ‘T;GLLa@loﬁdﬂ’J’laJaN@laizwj’ld
nIasauAgudamnuaLazieiTusedIzuY

laiaas LLaMA3.2-3B ﬁ@hmmmamquﬁauﬁq@
T Requirement Coverage 86%, Test Coverage 87%
Waz Functional Coverage 85% #9HAlANNIR9 Test Case
Vl,aiﬂsamqunﬂswamﬁymaas:umﬁ;aﬂ“ﬂﬁsﬁ'ﬂ%ﬂu

namsUssiuglAwinlues Gemma-3-4b
é’ﬂﬂmewL@iuiunwsﬁ§ﬂaﬂirﬁw@aauﬁmamqﬂunﬂ
ﬁamaaszuumﬂﬁq@ 7098981A8 Qwen3-8B LAz
Typhoon2-8b %aﬁﬁwmmmamqﬂnﬁuﬁmﬁ'uuazagﬂu
JZAUEY &% LLaMA3.2-3B wisdanumunsalussdui
ANZRY LL@iﬁ@i'}ﬂmmiauﬂqmﬁ’m’jﬂwma‘é"u lasnw
wnamsUssiuiiszawinlueafisansarnenudnla
USunuestamnuauazfanitulaaazlumwl uaine Test
Case ﬁmamqﬂﬁmnndw

3. Namiﬂsuﬁumn@%mmm

mﬂwamsﬂiuﬁummﬁawaiwaa@%‘mmm
fumInagauTanduidensdinasey Test Case Agi
law 4 luiaa wuin

laiaa Gemma-3-4b $iUszanTanla mawaﬁq@
Inzunmads 43.2 azuun aaduious: 86.4 ailu
AZULUUFIFANNAITD nsUszilinnaasldiinioning
830 LNLAR IANIETS Test Case ﬁﬁmmmamqu
fanudarauluduaanuazianusanndasiudoniwue
UBIIEUL Requirement

Tuian Typhoon2-8B ASUWWLAAY 40.8 AZWL%
Aaduiaoaz 81.6 JALAREIHANNINGDY UATAIY
ATauAguuaInImnasey lavawizlunisaiionsd
negeufimansnaadudafiananaldatomansay

TuiAn Qwen3-8B ALY 40 Az Aaln
fouar 80 usasFnuAWAalumaadn Taglanizany
%’mamm:mmaﬁwLauamaagmmu Test Case

Tuias LLaMA-3.2-3B AZUWAAY 39.2 Azl
fAadusouaz 78.4 ﬁﬂzuuumﬁwi"wqmﬁatﬁmuﬁuIML@a

459



460 Hathairat Janwittaya and Ratthaslip Ranokphanuwat

A LL@iEj'aﬁa’hag’im:é’uﬁmmma%’m Test Case 1ams
nagauanduIIaudIn aAnuTlumslaanaus:
mslEnsnensiensamunzaniunm iUl luanw
adauiiidasiiasuniiodszuiana

4. NMINMINWIIZUL Chatbot
srunfiRantusassunslinurinuiulsd las
dldsmunsnilondanmuasenduifuaziu Test Case 7
alan LLM szuvitmansasia a3 luosdnauiouiia
U3eENTAIWNINNULE9 Software Tester Uaz QA Lo

o a

Aty EATY

5. &7l

nuamidoagllain nmsdsyndltluies
mawmalnglunssie Test Case 115U Functional
Testing WULU Manual Testing Lﬂuummdﬁﬁﬁﬂﬂmwga
mmsmﬁwqmmw AnuasauAgy uazanNdandulu
mMsnagouTandury Bnnsdssassumslanaserin
5201 Chatbot Aiwauw 'y 1Hesuiudataneunsluns
Walwde sruviiidnsnwlunsdasaailuiniesila

sdamivaaamnuTandusluawiag

6. ValAnalne
miﬁmi"ummjauL“ﬂ@maoq@“ﬁagaﬁlﬂﬁ‘luﬂwﬂn
waztszdulaginanunanwansveslaudaninue
ANNABINNT lﬁﬂsamquu’%ﬂﬁﬁmﬂ%mymn‘ﬁu L
fUQARIANTIN Wadsadusnonwussluaalumsss
ns@inagauluamwiasoufiuaneie luasazdszand
A usruufifianududounainwaty wananiwe w
suulimannudasnsdinesenlugduunaaiUdamiy
msnagevdaludaldlasase eldaansaitoudany
insfonasausendulsnleauosisunsnansl
AARINNIIN L% Selenium &@wIUMIMaTaUTILAade
{1 (Ul Testing), PyTest &1%3SUMINAROULUL (Unit/
Integration Testing) 8¢ Postman fMIUNINasaL AP
I@ammmﬁ@m‘%wqwﬁa;&amej’umu filsznaudae
29U Test Case mllg]'ﬁ'ﬁ_l Test Script N1 Python o)
JavaScript LﬁaaaﬂﬂumaL‘%muﬁmﬂ%u@am%ﬁamm
luiuldadalud@ldatanndasusingn Vit matszynd
IHinadia Instruction Fine-Tuning %7 slAlueasanIngay
TANAMITNNIUIZWININNTFINI Test Case UWAZMITFIN
Test Script F992rn WS UU AN T AL ARN TEUIBANS

J Sci Technol MSU

nasaUlanIuIIAT AILANIIFINS Test Case mMswlaardln
Test Script anfinsSunasevuaztsziiunalas
daludd TrondnanmaesszuuliaanIndszondldld
34
=) =
aaanIsndsznd

AITBU A UN I IENNF U A TRINNIIuA
‘gi’ Agl/ 4‘ =1 G dl o &) 1 o a a o g;
LpatWataIasde qﬂmm NI UANTANHUINWIFLAT
Wluagaads N9t V0V UNITEMFLTIITIYAIHNNT

6 (A v v o 12 vy

nageuzandwildniansszaliadinm lidaaua
WY BATWIINII UM TR TZ UL EN9RIRIIA TINT
Qﬁﬁmmﬁmﬁamﬂﬁmﬁlﬁﬂmm’uuﬁmmzaﬁuagu
2ENILANNARDATLLLIAINIITNIL

1@anaN3919d9

Abbad, A., Abbad, K., & Tairi, H. (2016). Face recognition
based on city-block and Mahalanobis cosine dis-
tance. In 2016 13th International Conference on
Computer Graphics, Imaging and Visualization
(CGiV) (pp. 112-114). IEEE.

Ammann, P., & Offutt, J. (2017). Introduction to software
testing (2nd ed.). Cambridge University Press.

Bag, S., Gupta, A., Kaushik, R., & Jain, C. (2024). RAG
beyond text: Enhancing image retrieval in RAG sys-
tems. In Proceedings of the 2024 International Con-
ference on Electrical, Computer and Energy Tech-
nologies (ICECET) (pp. 310-315).

Bhatia, S., Gandhi, T., Kumar, D., & Jalote, P. (2024).
Unit test generation using generative Al: A compara-
tive performance analysis of autogeneration tools. In
Proceedings of the 2024 International Workshop on
Large Language Models for Code (LLM4Code '24)
(pp. 1-8). ACM.

Cheng, F. (2024). A comparative study of the performance
of Spark-based k-means algorithm based on Euclid-
ean distance and Manhattan distance. In Proceedings
of the 3rd International Conference on Computer
Communication and Atrtificial Intelligence (CCAIl) (pp.
224-229).

Cheng, Y., Wang, M., Xiong, Y., Hao, D., & Zhang, L.
(2016). Empirical evaluation of test coverage for

functional programs. In 2016 IEEE International



Vol 45. No 4, July-August 2026

Conference on Software Testing, Verification and
Validation (ICST) (pp. 255-265). IEEE.

Devlin, J., Chang, M. W., Lee, K., & Toutanova, K. (2019).
BERT: Pre-training of deep bidirectional transformers
for language understanding. In Proceedings of the
2019 Conference of the North American Chapter of
the Association for Computational Linguistics: Human
Language Technologies (NAACL-HLT) (pp. 4171-4186).

Dhillon, I. S., Guan, Y., & Kogan, J. (2002). Refining
clusters in high-dimensional text data. In Proceedings
of the Workshop on Clustering High Dimensional
Data and its Applications at the Second SIAM Inter-
national Conference on Data Mining (pp. 71-82).
SIAM.

Gao, X., & Li, G. (2016). A KNN model based on
Manhattan distance to identify the SNARE proteins.
Computational and Mathematical Methods in
Medicine, 2016, Article 6480195. https://doi.
org/10.1155/ 2016/6480195

Guan, W., & Fang, Y. (2025). Optimizing web-based Al
query retrieval with GPT integration in LangChain: A
CoT-enhanced prompt engineering approach. arXiv.
https://arxiv.org/abs/2503.12345

Hoffmann, J., & Frister, D. (2024). Generating software

tests for mobile applications using fine-tuned large

language models. In Proceedings of the 45th

International Conference on Software Engineering

(ICSE) (pp. 1234—1245).

E., Shen, Y., Wallis, P., Allen-Zhu, Z., Li, Y., Wang,

L., & Chen, W. (2021). LoRA: Low-rank adaptation

Hu

of large language models. arXiv. https://arxiv.org/
abs/2106.09685

Hu, J., Liao, X., Gao, J., Qi, Z., Zheng, H., & Wang,

C. (2024). Optimizing large language models with an
enhanced LoRA fine-tuning algorithm for efficiency
and robustness in NLP tasks. arXiv. https://arxiv.org/
abs/2403.10567

Jacob, T. P., Bizotto, B. L. S., & Sathiyanarayanan, M.
(2024). Constructing the ChatGPT for PDF files with
LangChain — Al. In Proceedings of the 2024
International Conference on Inventive Computation

Technologies (ICICT) (pp. 78-85).

Development and comparative evaluation of large language models

461

for automated test case generation in banking software testing

Laplante, P. A., & Kassab, M. (2022). Requirements
engineering for software and systems. Auerbach
Publications.

Masuda, S., Nishi, Y., & Suzuki, K. (2020). Complex
software testing analysis using international standards.
In 2020 IEEE International Conference on Software
Testing, Verification and Validation Workshops
(ICSTW) (pp. 241-246). IEEE.

Nazi, A., Huang, Q., Shojaei, H., Esfeden, H. A., Mirhosseini,
A., & Ho, R. (2022). Adaptive test generation for fast
functional coverage closure. In DVCON USA.

Omar, S. F. (2013). A software traceability approach to
support requirement-based test coverage analysis
[Doctoral dissertation, Universiti Teknologi Malaysia].

Radford, A., Wu, J., Child, R., Luan, D., Amodei, D., &
Sutskever, I. (2019). Language models are unsupervised
multitask learners. arXiv. https://arxiv.org/abs/1905.
00546

Schitze, H., Manning, C. D., & Raghavan, P. (2008).
Introduction to information retrieval. Cambridge
University Press.

Srikaewsiew, T., Khianchainat, K., Tharatipyakul, A.,
Pongnumkul, S., & Kanjanawattana, S. (2022). A
comparison of the instructor-trainee dance dataset
using cosine similarity, Euclidean distance, and
angular difference. In 2022 26th International
Computer Science and Engineering Conference
(ICSEC) (pp. 235-240). IEEE.

Tiwari, D., Zhang, L., Monperrus, M., & Baudry, B. (2022).
Production monitoring to improve test suites. IEEE
Transactions on Reliability, 71(3), 1381-1397. https://
doi.org/10.1109/TR.2022.3149480

Wang, Z., Guo, X., & Tsuchiya, T. (2025). Graph-centric
approaches for coverage optimization in software
requirement testing. In 2025 |IEEE 49th Annual
Computers, Software, and Applications Conference
(COMPSAC) (pp. 1270-1280). IEEE.

Wang, Z., Liu, K., Li, G., & Jin, Z. (2024). HITS:
High-coverage LLM-based unit test generation via
method slicing. In Proceedings of the 38th IEEE/ACM
International Conference on Automated Software

Engineering (ASE) (pp. 45-56).



462 Hathairat Janwittaya and Ratthaslip Ranokphanuwat

Zhang, J., Wang, F., Ma, F., & Song, G. (2022). Text
similarity calculation method based on optimized
cosine distance. In 2022 International Conference on
Electronics and Devices, Computational Science

(ICEDCS) (pp. 37-39). IEEE.

J Sci Technol MSU



