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Abstract: Text input components are essential to Web applications and are widely used in scenarios such as search
queries and content creation. Their inputs are typically constrained by syntactic rules and complex business logics. If text in-
put components fail to correctly handle malicious or unexpected input texts, they may cause application crashes. Existing au-
tomated graphical user interface (GUI) testing tools for web applications often ignore these constraints. As a result, they can-
not generate diverse inputs to effectively detect faults of text input components. Moreover, existing methods often overlook
complex constraints among multiple text input components, which makes it difficult to generate diverse input combinations.
To address this issue, this paper proposes an approach for testing text input components of web applications based on large
language models (LLMs), named LLM-based text input component testing (LTICT). First, LTICT extracts information
about text input components from the HTML files of the application under test. It then uses a LLM to infer the constraints
of the text input components and to synthesize a text generation program with respect to these constraints. Next, LTICT exe-
cutes the program to produce input texts in batches to test text input components. Finally, LTICT feeds component contexts
and execution outcomes back to the LLM. These feedbacks help the LLM to analyze inter-component constraints and to
generate more diverse combinations of inputs. To evaluate the effectiveness of LTICT, comparative experiments are con-
ducted on four open-source web applications with three automated testing tools, which are WebExplor, DBInputs, and
QTypist. The experimental results show that LTICT detects more text input component faults, with improvements of
34.21%, 37.84%, and 8.51% over WebExplor, DBInputs, and QTypist, respectively. In addition, LTICT reduces the average
time required to detect text input component faults by 10.69%, 11.87%, and 6.99%, respectively.
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a
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o

Default Currency

Yes N}

Save

Default Currency

Yes []

Cancel Save
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(b) The application exhibits abnormal behavior

@ vPOST https://app.akaunting.com/375659/settings/currencies 422

(Unprocessable Content)
(EH)

@ currencies.min.js?v=3.1.20:383

(E%) @ currencies.min.js?v=3.1.20:383
(E#) @ currencies.min.js?v=3.1.20:325
xhr @ currencies.min.js?v=3.1.20:325
ot @ currencies.min.js?v=3.1.20:325
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(c) Return an error response
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1 <input type="text" name="name" id="name" value="" placeholder="Enter
2 Name" required="required">

3 <input type="text" name="symbol" id="symbol" value="" placeholder="
4 Enter Symbol" required="required">

5 <input type="text" name="decimal_mark" id="decimal _mark" value=""
6  placeholder="Enter Decimal Place" required="required">

7 <input type* "text" name="thousands_separator" 1d thousands separator
8

E2 ORI AL Name, Symbol, Decimal Place il Thousands
Separator [ HTMLA 5%
Figure 2 HTML code of the text input components Name, Symbol,

Decimal Place, and Thousands Separator
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Table 1 Prompt template for generating valid text input and inferred constraint relations

JPg | W ESyIA) PR
1 RGN RYHRA You are an expert in web text input component testing.
A A We want to test the text input components on <ActivityName> page of <WebName> website which has <NumOfTex-
. I
2| PR PR tInputComponent>. The first text input component is <TextInputComponent>, its description is <TextInputCompo-
HAFIE B
nent>. The second text input component is -+ Nearby components include <NearbyComponent>.
- . There are explicit constraints: <explicit constraint>; Implicit constraints: <implicit constraint>; Inter-component
3| PR | AEER e e ,
constraints: <inter-component constraint>.
. R - Please generate a valid text input based on the above information and further infer the constraint relations of each
4 | PR | R ) . ) o ) ) R
text input component. Outputs in the following format: “Valid input: --; Inferred constraint relations: ---”.
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WebName = "Akaunting"

ActivityName = "New Currency"
TextInputComponent

(1)"name, Enter Name"

(2)"symbol, Enter Symbol"

(3)"decimal_mark, Enter Decimal Place"
(4)"thousands_separator, Enter Thousands Separator”
NearbyComponent = "Select Code, Select Precision,
Select Symbol Position, default_currency"

Explicit constraint:

(1) type = "text", required="required'

(2) type = "text", required="required'

(3) type = "text", required="required'

(4) type = "text", required="required'

Implicit constraint: N/A;

Inter-component constraint: N/A.

AR A 1 Hh ik
HRKFR

(a) FRECCAFNAMHE BRL R KR
(a) Retrieve the information and constraint relations of the text input
components

LARANAMGIIEE  We want to test the text input components on "New
Currency" of "Akaunting" website which has 4 text
input components. The first text input component is
"name", its description is "Enter Name". Nearby co-
mponents include "Select Code". -~

For the first text input component, there are explicit
constraints: (1) Type = "text"(2) required="required';
Implicit constraint: N/A;

Inter-component constraint: N/A.

For the second text input component, ---

Please generate a valid text input based on the above
information and further infer the constraint relations
of each text input component.

Outputs in the following format: "Valid input: ---;
Inferred constraint relations: ----".

HRKFR

Ji] At A

(b) A= A RO A NAHE T 20 5 5% R ERR
(b) Construct prompts for generating valid text input and inferred
constraint relations

Valid input:

1.name:'Test Currency' 2.symbol:'$' 3.decimal_mark:".' 4.thousands_separator:",'
Inferred constraint relations:

1.name: - Explicit constraint: (1) Plain text. (2) Input cannot be empty.

- Implicit constraints: (1) Input cannot be too long. (2) Input cannot be repeated.
- Inter-component constraint: N/A.

2.symbol: - Explicit constraint: (1) Plain text. (2) Input cannot be empty.

- Implicit constraints: (1) Should be a valid currency symbol string

(commonly 1-5 visible characters). - Inter-component constraint: N/A.
3.decimal_mark: - Explicit constraint: (1) Plain text. (2) Input cannot be empty.
- Implicit constraints: (1) Should be a single character.

- Inter-component constraint: (1) Should be different from the value of
'thousands_separator' to avoid ambiguity in numeric formatting.
4.thousands_separator: - Explicit constraint: (1) Plain text.

(2) Input cannot be empty. - Implicit constraints:(1) Should be a single character.
- Inter-component constraint: (1) Should be different from the value of
'decimal_mark' to ensure unambiguous numeric representation.

(c) LLMA%irt
(c) LLM output

P4 LTICT A= AT 3O i AR i 29 4G 2R 7 11
Figure 4 Example of LTICT generating valid text input and inferred

constraint relations

Hirr, des, . ap, Al cons, F:[A 44 )%, C, 19 b F CAH
Ko LTICT M SCASHir A 414 1) HTML SC 4 R 3 B C,
X INE P A A B RN BT 7E LT TR B 44 B, TR B
LLM PR i SCA K A 44 2 18] 7 28 BB, IR0 H LLM
A AE W 0 R SE &R, T A B LLM B g C, 06 A2 1
FRAH, M AP, LTICT ¥ 3K B ap, 1 fr A5

BROCAHIN  We want to test the 4 text input components "name, symbol
decimal mark, thousands_separator” on "New Currency"
page of "Akaunting" website. Valid input for the text input
component is:"].name: 'Test Currency' 2.symbol: '$'
3.decimal_mark: "' 4.thousands_separator: ','".

HEWTZIPHK R The inferred constraint relations are as follows:

"1.name: - Explicit constraint...".

Please generate an executable program, and the role of the

program is to generate unusual input data based on the valid

input and inferred constraint relations.

fi] R A i

(a) LLM& R F4R7R
(a) Prompt for LLM to synthesize an executable program

VALID = ["Test Currency", "$", ".", "."]
SPECIAL = "1@#$%"&*()_+-=[]{}|;:\",.<>/2\"
VISIBLE = string.ascii_letters + string.digits + SPECIAL
# Plain text; cannot be empty: not too long; (optionally) cannot be repeated
def gen_text_cases(s: str, *, forbid_repeat: bool):
cases = [""," " * 8, " join(random.choices(SPECIAL, k=10))]
for L in [200, 300]:
cases.append(s + " join(random.choices(VISIBLE, k=L)))
cases.append(s[:1] + random.choice(SPECIAL) + s[2:] if s else "")
cases.append(s * 10 if forbid repeat else s)
return cases
# Plain text; cannot be empty: typically 1-5 visible chars
def gen_symbol cases(s: str):
cases=["",""+s+"", "USD"]
cases.append(s * 6) # too long
cases.append("".join(random.choices(SPECIAL, k=8)))
return cases
# Plain text; cannot be empty; string inputs
def gen_sep_cases(s: str):
cases = [s, ", "abc"]
return cases

(b) LLM& LR
(b) The LLM synthesizes an executable program

Unusual input 1
"Unusual input 1"fi & 5 15 18 57

O wpost http://akaunting:90/
422 (Unprocessable Content)

"Unusual input 2" fi & £ 152 B

(0) AR

(c) Test the text input components

5 ERSCA g A L7 1

Figure 5 Example of testing text input components

BN TN R GO o N & ) S R T R SR v S
¥4 A LLM, DL AS B LLM A SCAS By A 417 22 (8] 9 35
SCRNEE ¥ J2 18 A M L F T 295, b A, LTICT 5 53 %
SCA By N S 78 2 SO A LA rh O D) N e A
il 5 0 HH A R R IBCH fih A () R A A N TR 1)
FEROIR 2505 N JavaSeript S8, DL KT SR SCA B
ARHATEE J . Bl S , LTICT M4 5 5 SCAS B A B 34
1745 okt gt i 0 s 4R A, LA B LLM 43 7 K [+
i A ok e A AR AR A AR, DT A T 223 S
AH N2 R 50 SCRFA o

B AR T A R R 5 B AL S
Ay A AE C, T AE HTML S £ 5 5 SCA i A4
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F2 LLM &R EFIRTER

Table 2 Prompt template for LLM to synthesize an executable program

X 0 ESitl

v
Jo

PR

1| RGN | REHES

You are an expert in web text input component testing.

2 | PR | ARBOCARA

input component is: <ValidInput>.

We want to test <TextInputComponent> on <ActivityName> page of <WebName> website. Valid input for the text

3 | PR | HEWIZRSE R | The inferred constraint relations are as follows: <InferredConstraintRelations>.

4 | PR | R

Please generate an executable program, and the role of the program is to generate unusual input data based on the

valid input and inferred constraint relations.

U, o R 45t oo & 5, 9046 A it 5 15t 0
MiE sk E A TR,. AR5 , il 1 i Bt HTML ST £, $2
WA g N LA €, %0 07 ) 4 3845 B, des, S LT 7 5t
I (14 1% 2 44 FR ap, (55 2~3 17 ) , I 4R B LLM ZE B A 4
Wi 29 3 7 cons, (5 447) o ZJ5 , i i 57 5 SCA K
AN UL BRI U, P 5 SCAR S N uy B AT 45 2%
(55 5~6 17 ) , M5 5 7 SCA A w, S AT 45 2R r,
b e s ool T, 90N T AR SR A
TR, (55 7~817) o &) , M @KL 2 5t F,, IF 3R [l F,
(55 10~1147)

k1 HENRRGBEZE

BN SCORE ALY C TER HTML SCLF RS 3 SCAR R ASE U,
W MR F,

LInitialize F, TR, /B4R F FI TR,

2.des, = GetDescription(f) /AR H C, (5 B

3.ap, = GetActivityPage(f) /3R I C, BT e FL 1 A4 196 50 44 FR

4.cons, = LLMInferConstraint(f) /35 BUEWT 17 56 5

5.FOR each u; in U, do

6. r,= GetResult(u,) //ZRIUEH SCA S A B PHA T4

7. T} = ConstructBinaryGroup(u,,r,) /M H M ic 5% T

8. TR,add(T") /4% T/ MATR,

9.END FOR

10.F, = ConstructTestFeedback(des ,ap ,cons,, TR,) /{4 F,

L1.RETURN F, /& [l U3 2 43 F,

TEA FEI I 2 45 5, LTICT B 3 A B LLM 4 1%
TR 7 (0 32 7 Ff il LLM 5 22 00 Ak A 380 AS B A
Wi 240 R OG 2R, DT A T L X Y R SO
DL SCA g AN Al PRk A7 AR . &1 6 R LTICT i
FHI R 52 i 7 91 o e, 616 (a) iy LTICT #4 22
B, A R SO ORI A5 R Ho o A £
LLM & A8 1y 093 7 v s 8 6 (b) 2 LLM AR 3 £ 7 %
RAAAT ROSCA S N FNHEWT 29 o SC R, I & BT
6 (c)h LTICT $4A i B 17 25 B 5 5 SCAR BT AL, % 3
A AL A T2 AR IR, I AR IO X 45 2 ok 5
R

HROCAKIN: We want to test the 4 text input components "name, symbol,
decimal mark, thousands_separator” on "New Currency"
page of "Akaunting" website. Valid input for the text input
component: "1.name: 'Test Currency' 2.symbol: '$' ---

+

Below are the historical test feedback:

EF3C{E S The "name" on "New Currency" page has the description "Enter
Name" . Inferred constraint relations: ---
The "symbol" on "New Currency" page has the description
"Enter Symbol" . Inferred constraint relations: --- P

MRLE SR Unusual input 1: "Test Currency,$,abe,abe”, Buggy input
Unusual input 2: "T@st Currency,USD,.,abc", Non-Buggy input

(a) MR
(a) Test feedback
+

[l RififiiR:  Based on the test feedback, please optimize the 'Valid input' and
‘Inferred constraint relations'. Please generate an executable pro-
gram, and the role of the program is to generate unusual input
data based on the valid input and inferred constraint relations.

Valid input: "---"
Inferred constraint relations:
"Explictit constraints: --- Implicit constraints: --- Inter-component constraint: --- "

Program: "---"
(b) LLMAfith
(b) LLM output
MRAZEH: Unusual input 1: "-..", Buggy input X

Unusual input 2: "---", Non-Buggy input

() SUAHNHAFNIR

(c) Test the text input components

Pl i PR B 15t s 191)
Figure 6 Example of using test feedback

3 gt

JPEAS LTICT B A 85chE , A3 Hh LA R 34N BF 9%
[¥] 151

RQ1: 5 H Ath Web i F A 2 4L Tk T 2 AH L,
LTICT Fa 0 SC A iy A 41 A4 5 15 19 A 2801 AR A% g 2

LTICT A F LLM A= 1% 2 R A0 19 55 5 SCAR R A, DL
0 G T S A i 2 R A RO AR .
BT LTICT AH Lt A 77 32 76 6 I SCA g A 2 R 3K
R L 225 RATH LTICT 5 Web i H sh 4k 13K T
H WebExplor . DBInputs A1 QTypist #£47 X} L .

RQ2: LTICT 1 #5455 e b A6 I SC A iy A 21 4 5 15
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TR AR A 5L T ORI 5 R Y Web SCAS R A ZHL I35 75 283

P BE 1) 5% 0 40 fe] 2

LTICT 3 B4 45 A ROCA Hiy A A i HE R 29 B¢
F A B A S SCAR B A A BRI S A A A S A
B, ik 5k S B R 75 A B T8 T LTICT A5 I SCA
AR IR A ROR  FRATTHEAT T I A5

RQ3: 8 FH LTICT £k Bl A 850 SCAS i AAE Ry i A
A BB A5 2 TH LA T HAR G Web I S ) P BE 2

LTICT AJ A= i /2 SCA S A A2 K R I A
RO ET A . R LTICT A2 A 350 S A S A 1) 8
FE , A RS2 75 X R 2R Web 1 A 10 A5 42 FHE T, 3%
TPKF LTICT A& B0 A 280 i A Ry HE 2k T H Web-
Explor F1 DBInputs /)i A #F 47050, D43 Fox) 5L 2k
T HE5m

3.1 KWK

Clerissi %5 N7 BIBFFE R FH T oK A R [ 458 -
AR SCAS B A 32 H B 44> Web i T, H# Budgets
JO7 FH PR %85 T PR R R A TRl . 28 R T HAR 3 A4
Web 1 J , 4351 J& T3040 1 & DR B i 55 iAol 45 34
Sl . BLAh, SZE AN A T 5 Budgets W I REAH AL,
H 412 B F T Web B I8 58 T /R (9 F 4
2 s N A Akaunting AR Budgets . 2% 3 NS IG N
FEARGFE . Hh 55 WA NRE R PE
T A 18] 2 AR SCA B A AR . 4 SRR X S
L REETA SN UARBMALM, DA 1210 7]
DL, SCA S A 4L 7E Web B FH g% 32 ff i
2% W AT 0 B SCA B AL 1 ) 2 o AT BT G 1
W3

R3 LRMKERER

Table 3 Basic information of the experimental subjects

S XS filik JiA SCA i A AR B

Akaunting Accounting Management System 3.1.20 46(4) https://github.com/akaunting
Mantis Issue Tracking System 2.21.0 48(10) https://sourceforge.net/projects/mantisbt
Tricentis Vehicle Insurance Demo 1.01 12(4) http://sampleapp.tricentis.com
Dolibarr ERP and CRM System 10.0.0 63(13) https://sourceforge.net/projects/dolibarr

3.2 B&FE

52 B LTICT A1 JF I8 T. B WebExplor ® | DBIn-
puts' " QTypist > BEAT X HE .

H e, WebExplor J& — Fl 3& F 55 1k 2% 3 1) Web I/
FHINGR T % o %07 5K Web R /9 URL A HTML #5
RPN G N L APIR A, IR T4 2 0 3R 3l 9 58 Ak 27 2] 5
PR E . FEAL SR K A ALFRT, WebExplor 4
BRBEAIL T AT R AR Ry SO A, A6 D 17 ] v SCA i
A 4L R B R . S8 R T, M e T bt
SUBWEB'™' 4 [ 8 /b Il i T B, WebExplor fig i 8 %
BN T Z2 )W HT ST, OG0 HE B 2 SOA K A A AR R
Zheng & )\[6] B BF 75 T AE R A I WebExplor By 52 B0
41 75, Sherin 28 NS G WL T WebExplor ¥ T X5
(https://github.com/salmansherin/QExplore/tree/main/Ex-
perimental %20results/webExplore ) , Hzmggh g 5 Zheng
GENITAE—3. Wik, 250 R 2T IR ARAS 1) We-
bExplor {E b 548 77 12 .

DBInputs M #% I Web 1 FH £ 48 2 v K R SCA i
AL DUAE BB A% 6 SCA i A ZH A 29 TG AR Y SO i
Ao EARSKR UL, DBInputs & 5% Mg 1 H a9l 55 585
JE rh 3R O DA 0 0 8OHE P . BE S L DBInputs
i o T3 HTML b £ 5 0 3R s 2 51 44 22 [8] 3 12 A
T SCRRARLEAS 23, 1) FH 3R S B30k i e AR AU A 0 die 1=
Y F) , I K I S AR T A R B A S SO A
S5 Z W, DBInputs AEKE I H Link' "' Monkey' " 45 [

Sl T L T g A I B ) SO A g AN R R L
Ab, Clerissi A5 AR B 0035 250 4 12 -5 8 00 v FH 790k 55
Bt P T 8Os B A R R O R] R LR oy S A T
=N s = I Nl 3 D N i B e 2
1) H AN AH 22 B9 28 B4 A DBInputs I 50808 122 .

QTypist 42 — i BE T I 7 45 B 1) SCA g A 20 1F
3 45 o QTypist 1 96 M Android I FH 1) #1 K] JZ SC
P rp R IO S A2 A5 L, O i G B i) DG Ky
HA) oy ASTE R E RS . BEIS AR 1 SO0 45
B TE SCHE ROk i 3 R3] ] LLM A= A
SCA K A KA, LAXT SCA S A 2R A7k o e At
QTypist 1 2 44 7 7] 25 K4 4 X LLM BEAT $2 75 10
T A= BN 22 FEAR Y SCA A . T2 45 SR R WY, A
T DroidBot! " TextExerciser ' 25 [ 4L Mk T. A,
QTypist BE % A= Jilt 55 22 FF Ak 1 SCA B A %8l | I 4G
0B 22 SOAR B AL RO R . T Lin AR
FF T 7% Bl 10 I 25 500 4 L Alian 25 A fi
OpenAT APT i H] LLM 3 A& n SCA 4y A B dhs , JF T
K I Web SCA By A ZH R B B = o PG, SE 56 R
Alian 55 A\ FF R 4 QTypist (https : //anonymous.4open.sci-
ence/r/webform-testing-56BB/qtypist.py) VE R 28 )7 1,
I8 ] GPT-3.5-turbo A5 8 L) A= J SCA g A4
3.3 XLWiRE

FERQI FIRQ2 Ay S5 rp  FRATTHY A T Liu & A
A R T R S B 18 BRI S SO i A A )
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AT 30 WSCA I A, LA K F7 25 30 min (Y SCA %
A, 30 SR 1] A5 B Y SOAS g A2 PRS0 |
BRI AR R R S RO AR R R T 2
BUECHE S I o Hod R A 0 32 2 Jl 2 ik i SC
A K AZH A R 1) i A BN 5 S 0 v T e A B
B bR, BTz N TR D Web I Y R 9 T
2 ERQ3 M S FRATH A T Wang % N2
Zheng % N (RS2 6 15 B il URL A 583 Web 1 H
SRR TESEE X 4 SRR S 4 AliE 1T 101K
Mk, B CIZ AT 30 min, JFC SRR Y Web R 5L
[IRSOF 6

TELTICT H, fii Selenium (https : //www.selenium.dev/ )
ARICCA K A LA HTML 2548 SO 1R 8 A sh ki
WA . XFF LM, 3 A4 1 OpenAl API i JH GPT-
3.5-turbo B &Y | & #E )9z W T Web W il K 40
U SR — A B AT 32 GB INTE M Intel (R) Core
(TM) Ultra 7 4bBEAS AR L 58 B, 12T A 4R1E R 58
FOFF K& P35 435 4 Windows 11 it Al Python 3.10,

4 EWERSH

4.1 ST RQIMEWERIH

SN VEAN LTICT A6 0 SCAS By A 2H 1 5 5% 1 A7 R
FIRCR, FATTH: LTICT A1 WebExplor . DBInputs . QTypist
SIAG DN SCA Ay AL AR R A 1 DL B AT X L o

FE AT 30 min AR, F AT T LTICT F13ELL
THEAE 4 5250 X0 G vh R I i) SCAS i A A R
B AORINER A FTR o Horp 3655 e R kil
Hh A PRI 5[] — 3 B v 2 47 ) 249 ST S OO A B A
M UR AR, — 7 3R s AR RE A D 2 SCA i A i 1
Fite MERA AT LIE X T Aa il i i P i e ) —
7 BRL v 2 7 () 2 ST S B0CSCR fan A 2E R A R R
LTICT [t WebExplor Fl DBInputs 43 51| 2 4 I 1 4 4~ Fl
6 > SCAS K A ZH A 5, R QTypist K I HY 14 25 i AH
i) o LTICT K i B A7 SCA S A2 RS DR B0, T
WebExplor ., DBInputs F1 QTypist 43 1) 2 #1413 4~ |
14D F AN SO AN AERE % . Horh % T S X
Dolibarr , 24 SCA 4 AL {545 W02 5 8 SCAR g AT, He
A iE A S AR BRATL A O Ak B SC R R T 2 H
FERE B B G ARSI 0. R, A
03X T 5L R ARG TN 3 SCAS g AL PR A R

252 LTICT FEELL T A [A] 332 J5z 20 7 1) 24 38
M B AR R s, Horp, =7
7N A BEAGH I 21 P 332 J 41 14 1] 249 TR 5 B0 SCA i
NP AR Sl LU, LTICT A] LA i 2
WebExplor , DBInputs Fll QTypist £ il 4 9 [ 3 2 20 14
[i1] 24 T T A5 250 SCAS By A R R, H R B 2D

x4 AENWKTERNABNAGEREE
Table 4  Number of text input component faults detected by

different testing tools

SR G LTICT | WebExplor | DBInputs QTypist
Akaunting 28(2) 19(—) 21(—) 26(2)
Mantis 20(10) 16(8) 13(6) 18(10)
Tricentis 3(—) 3(—) 3(—) 3(—)
Dolibarr — — — —
J=% 51(12) 38(8) 37(6) 47(12)

F5 AR T BN EE Rk A 4B 2RSS BCARBN AT
SR ARER B s min
Table 5 Time required by different testing tools to detect text input com-

ponent faults caused by violations of inter component constraints

unit: min
SRS LTICT WebExplor | DBInputs QTypist
Akaunting 16.88 — — 18.25
Mantis 5.61 7.84 13.50 7.69
Tricentis — — — —
Dolibarr — — — —
SEHEI 20.62 24.46 25.88 21.49

LTICT H WebExplor . DBInputs 1 QTypist B - ¥4 F i
A3 B D T 15.70% . 20.32% 1 4.05% ., X 2 R,
LTICT #2 # SCA i A0 B R SOfE 8% T 4
[B) 29 5, I 1 LLM A B8 AR e ke 4tk i A i i e 4L 1
() 249 SR 0 B 2L ol SRS 00 AR 3 s A 2 ) 249 R
A A AR R -

e 6~3 8 Ny LTICT Fll 3 £8 T L AG I A [i] 512 56 %oF
Grp SO AR R Ol . Horp, 3 6 R S X
% Akaunting B9 K % &0, 78 R AT 30 U A B
LTICT A B 1) 5 8 SCAS i A5 1R 4G I 2% H 56.16% , A1
Lt T WebExplor . DBInputs . QTypist 73 51| #& F+- 47.63% .
35.98% .23.21%., AN, LTICT Af LUK 5] 6 Fh 4R
A, WebExplor Fl QTypist 73 51| fig % A5 I 21| 3 F F1 4 Fp
RIS DBInputs H AR I 2] 2 Fh 45 1R A . Web-
Explor . DBInputs Fl1 QTypist £ Il 21| (1) SC A iy A 414 55
BRI YRR Bk LTICT A& I 2, H LTICT B 5 />
LTICT Lt WebExplor 6 1l SCAS 4 A 41 14 152 1) °F- 34
I > T 26.51% , Ht DBInputs F1 QTypist 4 - 1 FH i}
Oy WD T 21.74% F118.26% . 3¢ T TN 8 43 ) Ay 5
55 X % Mantis F Tricentis [ A& 0 1 & . W LLA 3,
LTICT A6 0 SCAS §ir A 208 19 485 158 6 TR 25 T WebEx-
plor . DBInputs 1 QTypist , H LTICT A % & H ¥ £ 1
iR 2R AL | FY WebExplor . DBInputs Fl QTypist 43 5] £
R 2] 3 Ffr 2 FfoRn 1 FRAE RIS X TS 56 % 42 Tri-
centis , 7E 01T 30 min MR, LTICT H WebExplor £ il
SCAK AL AR A DR ST B B BN T 2.19% o %t Tri-
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TR AR A 5L T ORI 5 R Y Web SCAS R A ZHL I35 75 285

centis [ 45 BR PEAT 43 BT , & B0 A 3 Bl AL 52 455 5 g A
BT ik % 22 il SCAS B A 444515, £ 45 WebExplor £
0485 35 14 ~F- 25 R 4800 T LTICT 5 3ek 4 B i 38 e
Wt [R)RE AT AR S5 Tl I Ti) 1A A fioh 2 SCA i A 2 A
BRI S SCAR KA .

F6 XUARWMNAHEIRENIE R (Akaunting)

Table 6 Detection results of text input component faults (Akaunting)

30K 30 min i

Fik e | CRRsE | B | RRR | R
K =8/9% | B | 280 | Kl e/9% | FIt/s | 258
LTICT 56.16 1276 | 6.00 | 5819 | 13.61 | 6.00
WebExplor | 38.04 | 18.07 | 3.00 | 38.04 | 18.52 | 3.00
DBInputs | 4130 | 16.98 | 2.00 | 41.85 | 17.39 | 2.00
QTypist 45.58 1474 | 400 | 4641 | 16.65 | 4.00

KT XFRBNABFREIES (Mantis)

Table 7 Detection results of text input component faults (Mantis)

30 YR 30 min M3z
WIRS R | PRss | RER AR Ty | R

K e/9% | U | 6B | KRR/ % | /s | 26
LTICT 40.00 17.98 | 5.00 | 4031 | 18.46 | 5.00
WebExplor | 33.33 2033 | 3.00 | 33.33 | 2067 | 3.00
DBInputs | 28.33 2175 | 400 | 2875 | 2221 | 4.00
QTypist 32.78 1925 | 400 | 32.85 | 19.75 | 4.00

R8 XABNAEHEIRENIER (Tricentis)

Table 8 Detection results of text input component faults (Tricentis)

30 R 30 min 3

WIRES B | PIsE | BRR | AR RS
R e/9% | KB | B | KA /% | IS /s | 258
LTICT 17.22 2275 | 500 | 17.78 | 2325 | 5.00
WebExplor | 16.94 2275 | 400 | 1694 | 2275 | 4.00
DBlInputs 15.56 2292 | 400 | 1542 | 23.17 | 4.00
QTypist 16.67 2283 | 500 | 1722 | 23.08 | 5.00

R OJEIR T LTICT ML 5 A8 31 SL B X 4 o
oz I A R R RS O . BT LLFE #], WebExplor , DBIn-
puts F1 QTypist £ il 21| i 45 152 55 AU 14 e % LTICT A5
|, HA 3RS RV LTICT REMS KGN ) . Fo ATk
— L0 A T LTICT RE % A I 3] 171 55 £ J7 v Jo i A
BIRY RS R ZE MY . LASE S X G2 Mantis 5 4], LTICT i i3
A LR & R AE AT S I AR 35 ) (I <script>alert
(“XSS”) </seript>") B 5 iy A, WL b ¥ AR
JF 1R 55 i it s e (AR 585 2 500) , 117 WebExplor |
DBInputs Fl QTypist 4 ¥ LA AE Bl b 28 55 5 S A 803 ©
X J2 [N o WebExplor #1 DBInputs A= 8 ) SCAS B A 28504
BN B — R B3 S SCAR i A AR e R R
SCARH A R DU P A 15 21 A A /0 ARG T A8 B A
X TR L T H QTypist, ‘B 7E BT IF AR5 1B SO Ha

NGB AE R RO F& , HAS U LLM B 422 4= 5] it

AR B ROCRIAR, O A BT BB X TR 2R Y

S SCA K A, PRI ARG I Y A R 2R AL AL D T

LTICT 3 iof 73 B ik 2 152 0 25 5 LLM & iR, 7T LA

A 1 22 B i s SCA i A A A 2 RO R R S SR

A, FU SR I TA) S0 R AG D 3 B 2 R R S

%9 LTICT.DBInputs ,WebExplor #1 QTypist & 1R 2 B 45 it
Table 9  Statistics of fault types detected by LTICT, DBInputs,

WebExplor, and QTypist

RS ik

JavaScript % |LTICT|WebExplor| DBInputs | QTypist
400 x X J
403 X
422
429

SRR G

<

Akaunting

< | < | X
< | < | X

X

Type Error

Network Error
400
404
Mantis 500

< | < | | X
< | <] | X
< | 4| < | X

Network Error

Script Message Error
400
401

Tricentis 403
404
500 N
VE VAR BRI R BRI R A BRI

B X RQ1 M 2516 LTICT ¥ Web 1 Fp SC A 4
ANBFEE R BE S ok . AR T B 3h eIl T A
WebExplor . DBInputs 1 QTypist , LTICT £ il 3C A #iy A
A F B R RO 2 i B T T 34.21% . 37.84% Al
8.51% , A= J 7 B SUA i A 118 ~F- 347 i R A T 232 4 J31) 42
TFT 30.03% .34.14% #119.92% . WLAb , 764G M SCA
A4 RS2 I 5 18, LTICT H WebExplor . DBIn-
puts F1 QTypist 73 A8 > T 10.69% . 11.87% F16.99% .
4.2 ST RQ2EIEWERIH

0 VPG LTICT (14 48 A5 e X A ) SC A i A2 171 4
PR RE AU SZ A, AT 23 0 B R A 8 SCA A A= R
W 24 TR O R A A A B S SCAS B AR RT3 15
F g SE R, f 5 LTICT 78 SCA R A 2 /1 H R A 3%
Z B9 I X 4 Akaunting [t X EL . Hid BB
RSO K A B BT 2 JROG AR 2R B At S R SOA
i A AT 5 R A B LTICT A2 K 23 531 367
LTICT w/o Vaild Input. LTICT w/o Inferred Constraints .
LTICT w/o Batch Generation Fll LTICT w/o Feedback .

< | < | X
< | < < X

< | < | X

< | < | 4| 4| 4| <4 | <4 | 4| < | <L | < | < | <L | < | <
X

| 4| 4| | | | & | X

< | <] < | X
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INZE 10 H ] DUE Y, LTICT 78 55 15 A ) % -3
SRR B UL R Y s B Y08 F LTICT w/o Vaild In-
put 5 4 Fi AR K Hop | LTICT w/o Feedback (3 %%
Ffe 2%, BT LTICT, #8515 A4 I 2 2 51 f K T
27.78% (30 YR M2 ) 1 32.72% (30 min M) , - 2%
T UECRNF- X5 HT B 43 0 34 0 T 9.25% F 13.37% . iX
J& M T LTICT w/o Feedback JCIEMR I T {5 B HEWT
SCAH AN LA Z R 2 ROC &, B A ZOR A 45
R mHE B, DA BRI TERCCA g A, 5 B
A PERE T R

F10 LTICT RETZAHRMK SCAHN B EREXTLE
Table 10 Comparison of text input component testing performance

between LTICT and its variants

30 il 30 min izt
ik FiR T R Ty
RN /% | ZAE | Kil=R/% | s
LTICT 56.16 12.76 58.19 13.61
LTICT w/o
50.91 13.05 55.78 14.02
Vaild Input
LTICT w/o Inferred
45.08 14.33 40.65 15.50
Constraints
LTICT w/o Batch
49.45 12.87 44.26 17.39
Generation
LTICT w/o Feedback 40.56 13.94 39.15 15.43

AN, LTICT w/o Vaild Input i J H & X AH (4023
1B KA 5 1 SR B, e il & 358 43 SCA g A4
P S SRS R A T 26 AH E LTICT 43 0 B AR T
9.35% (30 KM ) A1 4.14% (30 min MK ) . LTICT w/o
Inferred Constraints F| B A & 3C A ¥ A 1 . HTML Fx
25 B 29 OGOk AR S SR A . R X
J5 Y R A8 AR 0 1A R 5 R A e A B 2R (H TR
ol T HE T 29 5RO &R, 2B S SCAS B A B8 A R R R
PRI SCAS fi A2 R R 1 S 28 2 VR B R 34
A AH EE LTICT 43 %0 34 1 12.30% £1 13.89% ., LTICT
wlo Batch Generation 6 Il SCAS §iy A 411448 152 70 - 34 FH
I AH F LTICT #4650 T 27.77% . X & i T H R 6
LLM & W 7, 28 i 55 8 SOAS By A g R0 LLM 17
AR B A B, T BUE BRCR AL, AT 2
JH. M Z R, LTICT 8 F LLM A& 1 19 2 15 ] e i 7=
AR S SCREIA  BRIS RS0 SCAR S A LRk T
W, DA e 3R T

B XT RQ2 (U458 « A5 1R ¥ F B T T LTICT K
W SCA i N AR I RE ) o b LTICT A bR il
JHINAE J2 55 1 LTICT w/o Feedback 515 46 il 28 $2 T}
K, 3 30 Yk AT G 30 min 43 B4R TF T 27.78%
32.72%. LTICT At & H LLM & i f2 )7 it 5 A4 ik

S8 SCAR K AR LTICT w/o Batch Generation #6730 SC AR
B A ZH AR R 00 D I A e B R, P 3 I 4 T
27.77%
4.3 ST RQIMELWHERIH

S VA T LTICT A= i i A5 280 SC A i A S i
A SR GE & 82 TH 3L 4 T H R Web 1 5 T 19 14
fE , F A2 B LTICT 764447 30 min )5 , iR J7 — %2
I B2 A5t F A B A S80S A i AAE Sl WebExplor Al
DBInputs Y 4 A ZCHE L 316 X0 09 42 44 53 51 2 om hy
WebExplor, ;¢ F1 DBInputs, ;,.;» 55 WebExplor Fl DBIn-
puts FEAT L3 o

E11LH WebExplor . DBInputs & HARIE R 44
SEER X G h SISO . AT LUE ), WebExplor, . iR
& Web I H 5417 (%) °F 27 4% & tb WebExplor #2 7 T
14.23%, Horp, % F 5256 %7 2 Tricentis, WebExplor, ;cr
#H H WebExplor £ & N JH A 1 (9 SF ¥ 8 2 7 T
23.02% . X J& F & WebExplor fff F Kl #1547 5 1 78
SCAKG NN, R SR AR OC R .
WebExplor, ., 75 P8 Z if 72t 23 iy A0l 2 SCAS i A 21
PR 24T 56 2 A RS, L) fioh & 7 ) 8 A2 45
P N5 E B ¥ URL & A2 284K, 8 HARZR Web B
FHSUIH )RR S T WebExplor .

R 11 WebExplor,DBInputs & EZEEIRE Web M AR HEIE R
Table 11 Exploration of web application interfaces by WebExplor,

DBInputs, and their variants

EZR Web i FH AT 4L
BN I WebEplor WebExplor, ;.. DBlnputs DBInputs, yer

(p-value) (p-value)
Akaunting|  42.30  |47.00(1.043 6x107%)[ 37.00 |40.30(4.258 5%107)
Mantis | 36.50 [40.50(4.007 7x107)| 49.20 [52.00(3.678 7x107?)
Tricentis | 27.80 [34.20(1.133 1x107)| 24.10 [27.00(3.030 4x107)
Dolibarr | 30.30 [34.70(1.510 7x107)| 34.20 |31.90(4.907 1x107%)
g 3423 39.10 36.13 37.80

DBInputs, ., 7 2 Web W FH 5 11 (9 ~F 2 £ & b
DBInputs #& F+ T 4.62% . Horft, X T 5255 XF 4 Akaunt-
ing , DBInputs, ;. #H t& DBInputs £ % N 5 1 i °F 15
BT T 8.92%. X & [N 5 DBInputs fi JH A I 34
ROl P P A AR R B 23 A, S B T 20 SCA B A 4L v
HURE A A A A, BRI T L HR 2 0 9 T 4 BE
T DBInputs, ;. 38 32 A7 %0 i A K38 #5800 18 204
J , AT BE 5 8 38 B 22 1) Web 3 JH ST o % 55 46
X} 4 Dolibarr, DBInputs, ;. #H & DBInputs 2> 8 2 2|
AP o AT IR S e B, BRI IR A A ST
$E 52 22 AU ) 19 SCAS g A B804 | T DBInputs, g, A9
TR R AR B — AT SO S A B, BRI T HAR
KAEJT o A LTICT 4 )% 2 240 A 88 SR B A 44
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Hm A DBInputs, 1., B3 £ 4 2 7, DBInputs, 1,0, B
) P LAER R 2 H AR I ST

EA , S 8 UE LTICT A= B AT 3O iy A A il
A B X WebExplor Al DBInputs #5828 Web v/ FH 5t 18 /Y
PERE A 2 2, FATTE ] A 3ok LR R R T
BHRR Web N SR BCR S5 R . ¢ 150 19 B B R
LTICT A= Ji B A7 R SCA By A Sy i A K08 %) WebEx-
plor A1 DBInputs #£ & Web i FH % 1f1 (%) 14 68 ¥ A W 3%
R, W3R 11 7R , WebExplor, ., fi1 DBInputs, ;. 7F
BER Web i H FL1H B0CE LAY p-value /N F 0.05. A
I, 6 46 AR B, B LTICT Az A A %00 A i A A h
LN €0 WebExplor 1 DBInputs RE Web b F 5L
MIPERE BAT B I']

B35 RQ3 B9 4538 « Ad ] LTICT £ i il A S0 A i
AAE g N KR L @%ﬁﬁ%zﬁzﬁf;ﬂ; Web 1 JH

T B PERE o A HE A FH AT 2 SCAS it A9 WebExplor 1
DBInputs, WebExplorL TICT FI DBInputsLTICT £ & Web
I8 P70 RSP ) Rkt oy B B2 T T 14.23% A14.62%

5 g
AT W43 B LTICT A= i 0 HEWT 29 3R &, LA e fif
JHASTR] LLM % LTICT F) 5% Hi .

5.1 LTICT AR RIERT AR KR
LTICT & 2 Mgl i i FH A9 HTML SCF i HE AR

66 (43) WM AHHKR
60 58 (54) HEWT 9T K R
IH 40
=/
20
4 6 (4)
0
BARAE [EERWAp S fﬁ#lﬁﬂi’ﬂi
(a) Akaunting
(a) Akaunting
26(21) W AHKR
25 23 HEWTLI AR R
20
1616 (16)
i
= 15

BARAH

(AL
(c¢) Tricentis
(c) Tricentis

EEREIPAPR

iy NAAFRY 29RO R SRS BT LLM 3 — 20 43 A H
V7 R R DRI 249 SR DG 2R, i S 3 el D 3k s £ %o 4 W 24
WO R AT . S VPAS LTICT A= Jlg 4 Wy 2 o)
KR MR B PR FRAT N A0 1 52 3 X 2 iy
A AN Gt H P AR B AR R R
FEH A ) 29 o) = 2R Y G 28, JF 5 LTICT 2B i iy 4
W7 249 TR G R HEAT X LA

7 7R 1 LTICT Ry 4% S 50 X G A 1 i) 4 Wy 24 5
KA AL X2 B 2 ORI (1) 2 o =
o BRERAAERS  TT o B & B SCAR i A AL
LG FB, VR K A 3 S LLM A= I 4 T 24 oG
FR(CHS 55 N AR RE UL R AATE R 2R
KRB IIELTHal LI, LTICT A2 JHE IR 24 3¢
i, AL R s, 7 IS S XS G b o g
50.87% . 47.27% . 55.32% H1 43.27% , iX 3% B LTICT fig
% 75 43 A FH LLM B 1 SCRR A FHE S RE g, D2 14 4%
S DA R NI S s SO S A 2L
MR AE . B35, LTICT 4= Ui W 20 o 5 R 11
- 34 Precision . Recall F, 235 R 79.83% . 96.43% F
87.21% . s3Hr &I, ) AFAEA RE U ) L 2L 07 E 29
SRR B0 Clnda A B b BR B A A RR ) L (B
Hh BLAE A SR b X AR ZE R S B, B A T
F , LTICT A= il 1) #E W7 29 6 R B 5843, BB A AL
J5 e SCA K A2 s AR T A S 2R

80 76 (70) 78 (50) WM ZJHKFR
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60 |
52
]
a0 |
2
10 11(7)
0
B Bastzask Cilasror
(b) Mantis
(b) Mantis
82 (75) AR R
Gl I - 74 (38) IR F
60 |
]
=

1315(13)

[CERAr
(d) Dolibarr
(d) Dolibarr

BARAH

LR

7 LTICT A= i HE BT 24 A R AR B

Figure 7 Inferred constraint relations generated by LTICT
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5.2 {FRAARLLM % LTICT B840

LTICT i FH LLM Az B AT %8 SCAS B A R4 7 24 o
K FZ I T 51 LLM A 8RR 4t i A il 5 5 3C
At A VAT SCA S AL A T . A PR AR LTICT
i FIAS R LLM (9 PR e 25 5, 3R 28 BUAE i TR T
5 T2 i B claude-3-5-haiku 1 llama3-70b-
instruct 5% #1221 3 5 GPT-3.5-turbo 5 % 3k 17 X [t
AT o

2512 9 LTICT i F A [] LLM 46 0 4% 52 56 % 42 vh
SCAK AN AR O . T RLE L LTICT {4
GPT-3.5-turbo 158 78 45 ) SCAS iy A 20 171 45 152 1 Pk i e
. Hh M1 T claude-3-5-haiku #5 %I F1 llama3-70b-
instruct B 8 {di |} GPT-3.5-turbo £ %I {4 LTICT 7£ 3 4>
SIG X G2 o P 24 Al R AG T SR 4 i 4R T T 13.08% AN
6.91% , K W SCA iy N A48 15 14 ~F- 189 B 0 4
T 527% M1 5.11%, H ~F 3 2% 38 0 80 o 5l 2> 17
4.05% M1 2.16% ., I, LTICT 76 5256 v 5% J T GPT-
3.5-turbo fE 7
Fz12 LTICTERRE LLM #il& SEa 3t & ST AN H IS5 IR 1B R
Table 12 Detection of text input component faults in each experimental

subject by LTICT using different LLMs

30 ki 30 min iR,
R R
TR X4 LLM RONE 2T NI 27
K - e S
(X /s
/% /%

GPT-3.5-turbo 56.16 | 12.76 | 58.19 | 13.61

Akaunting claude-3-5-haiku 48.77 | 14.13 | 49.46 | 15.57
llama3-70b-instruct | 52.90 | 13.59 | 53.55 | 15.30
GPT-3.5-turbo 40.00 | 17.98 | 40.31 | 18.46

Mantis claude-3-5-haiku 3590 | 18.79 | 36.04 | 19.50
llama3-70b-instruct | 37.29 | 18.33 | 36.22 | 19.67
GPT-3.5-turbo 17.22 | 22.75 | 17.78 | 23.25

Tricentis claude-3-5-haiku 16.39 | 22.83 | 16.53 | 23.33

llama3-70b-instruct | 17.50 | 22.75 | 17.36 | 23.33

WAk, Ry HE— 2543 B LTICT 3 LLM JiF 1 #E 19
Bf ], FRATTAE SR 13 vh 43l GE it T LTICT ZE 4447 30 min
W3 38 B AS 6] LLM A= i A 3% S0 AS i A FD K7 29
WRFR, LA BT HAB N, H
13 LTICTEARAZRE LLM B 15 F EHER
Table 13 Average time spent by LTICT in calling different LLMs

LM A A BOCAR AR | G R | A LLM
TR RO R /s | s | I /%
GPT-3.5-turbo 62.13 63.93 7.00
claude-3-5-haiku 45.27 63.63 6.05
llama3-70b-instruct 70.47 136.77 11.51
P4 59.29 88.11 8.19

M, LLM A= B B0 SCAS B A R HE T 29 o 56 &R /Y SR
YJFIB R 59.29 s, 4 AR O SF 2 I 8811 s,
VA LLM A B AL & 3 A 00 38 0T 2 Y 8.19%, & b
BAK.

6 ZHEFRIE

AR SCHE T —Fh BT RE AR A A Web S SC
AR AR D5 325 LTICT . 3% 07 ¥ 4 LLM 4 W
SO A AR R IR G R 5, A s
W2 REAL I SCAR S A, LA REORS 0 3 17 T+ SC A B A
AER RS . IR A5 R, LTICT A6l SCAS i A 2
TR DRI A MACR B % & F A el T 1]
WebExplor . DBInputs Fll QTypist. It 4, fdi Fj LTICT 4=
JS ) AT 38 SCAS B AAE by f A Bl L AT B WebExplor
F DBInputs 8% B £ Web I 9 %1 . H i, LTICT
AN S R 0 Rz P e [ — 3¢ B v AN SCAR B A 2 A )
TFAER AR IR . FEARRMETE TAE S, FRATH Rl gk —
AP LTICT B i 28 44 1 91 B, 4 %o AN [] 2 e rp S
NN SR L I S SR TR e i L G
FH LTICT A= A% 19 5 A B0 78 AUTOE2E 45 T 5 fi
Az I IR AS |, DL B SR R T 20 FRAS AT K
T 51 B 22 80 1 4 AR
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