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ABSTRACT

Recently, generative Al tools have been increasingly utilized in the field of software development. However, the reliability of Al-generated
outputs still cannot be guaranteed. In particular, current Al-based code generation often lacks a clear reflection of requirements and
sufficient traceability of the design process. To address these limitations, we propose a mechanism that partially applies generative Al
and applies metamodel-driven model transformation across the software process, from natural language requirements to skeleton code
generation via UML design. We define transformation rules that are automatically applied on a Metamodel Transformation Engine. This
approach may provide an automated development process that ensures the consistency of natural language requirements, the traceability
of design artifacts, and the quality of the generated code. In future research, we aim to compare human-written code with Al-assisted
code through the proposed mechanism. The objective is to verify which approach ensures higher software quality and, by doing so,
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enhances the reliability of Al-generated code while supporting the development of high-quality software.

Keywords : Natural Language Requirement Specifications, UML Design, Code Generation, Generative Al
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Step 3. £ +2 9 FHa 24

G2okE B2 249 dEAE U A Al
FANNZ FAHVBYE 517 918 JSON 3408 A%
gt 2 dAoAE 28 AR BAE Asde] {6
NLTK (Natural Language Toolkit) to|E& & ARE-SI.
Fig. 11 “The users presess the button olgte A B
A AIE JSON F4lo g2 AHAsl= 7S HojFrt

Step 4. % 9Ju] &4
EA5E 9 YA} A= user, button, pressC]Th. press
7102 249 YulE £45HH Fig. 129 2t

Step 5. % &4 44 FEA AA

Rt gl sl ou| g Folshy] Wizl Fig. 133
Zol FEE«= 235 Zd=rh wThA, UMLE A4st] Hol

Functional Requirements

[FR-001] The elevator moves to the selected floor and opens the
doors.
[FR-002] When the user press the button, the elevator is called.

=

Step 2. Sentence Preprocessing

[FR-001-1] The elevator moves to the selected floor.
[FR-001-2] The elevator opens the doors
[FR-002-1] The user press the button.

[FR-002-2] The elevator is called.

Fig. 10. Sentence Preprocessing



810 FEXZ|&3 =2X| HM142 HM105(2025. 10)

Preprocessed Sentences

[FR-001-1] The elevator moves to the selected floor.
[FR-001-2] The elevator opens the doors
[FR-002-1] The user press the button.

[FR-002-2] The elevator is called.

[FR-006-1] The users presses the button.
[FR-006-2] The destination floor should be selected.

Step 3. Sentence structural analysis
s [...

/\ { TI?

NP VP "original_sentence": "The user
presses the button",
"analysis": {
"The": "DT"
"user': “NN",
"presses': "VBZ",
"the": "DT",
"button": "NN"
P

DT NN VBZ NP

The user presses|

DT NN

the button

Fig. 11. Sentence Structural Analysis

Sentence Structure and Core Morphemes
[...

"num": 11,
"original_sentence": "The user presses the button",
"analysis": {

"The": "DT",

"user': “NN",

"presses'': "VBZ",

“the": "DT",

"button'': "NN"

¥
o]
Step 4. Sentence Semantic Analysis %
[

"num": 11,
"Actor'": "user",
"Element": "None",

"Object": “None".  The user presses the button.

"

"Source": “None",
"Target": “None",
"Instrument': “button",
"Verb'": "press",
"Adjective": "None*

1

Actor Instrument

]

Fig. 12. Sentence Semantic Analysis

Preprocessed Sentences

[FR-002-1] The user presses the button.
[FR-006-1] The users press the button.

Sentence Step 5.
semantic analysis results

...

f
1

Removing redundancy from
sentence analysis results

"num": 3, {
"Actor'": "user", "classes": [
"Element": "None", {, .
"Object": “None", "name": "user
"Source": “None", ;ghéggt S[-
"Target": “None", c .
Al < o n ”
:'lnstr‘tllm”ent". :V button ", “name": "press"
Verb": "press", "parameters":
"Adjective": "None"
1, : "button",
{ : "String"
"num": 11,

"Actor": "user",
"Element": "None",
"Object": “None",
"Source": “None",
"Target": “None",
"Instrument": “button",
""Ve!‘h"': "'l?rsss", .
Adjective": "None!

"name": "get",
"parameters": []

1

Fig. 13. Removing Redundancy from Sentence Analysis Results

Hlo]8E AAsHoF gtk UML AA1o] a3 R4EE JSON
oY FAS Aot FEEE dolEE AAsH] A set B
B2 A% & JSONe| A= =g Fith o]F B F5E=
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Step 6. UML 44 849} 87AR 84 A3} 9|y
FEo| AAH A= 22 UML 849 vy E e} Fig. 14
£ AlE2 tholol o] gt wjigS HojEc)

Step 7. UML A oJu]#x] 44

2E gojefof tigt vigo] ¥=FH, PlantUML A3 HE
E9ol| 93 tolo] 1S A3/t Fig. 15 tholo] 13
ATYER} on|X|E HojETh

Step 8. WIEt2d 4 A doldy A%

Aol 2 HE F&3% Bd 94 E FHS] Y30 Ecore 7]

Roles Sequence Diagram

Source

Target

(@enduml

Fig. 14. Mapping UML and Requirements Analysis Results

UML Diagram Image UML Diagram Script
(@startuml
© elevator class elevator {
- otri +doors : String
doors : String [
floor : String +floor : String
button: String +button: String
21 [move(): void © doors “move() : void
Z | |open( : void I"Pﬁn(? : VP&d
= call() : void call() : voi
=
5 class doors { }
] © user class user {
+press(button) : void
press(button) : void +get() : void )
get() : void l+select(ﬂoor) :void
select(floor) : void s
d g @enduml
g user elevator | [doors ||
% press(button) @Startuml
H user -> elevator : press(button)
d %" elevator -> elevator : move(floor)
5 open( elevator -> doors : open()
5] D @enduml
5 user elevator doors
IDLE)  move() _[ Moving (@startuml
el —
S -> Moving : movel
; butt floon) IDLE -> Opened : press(button)
g presstoutton) Jamive(floon | Noving --> Opened : arrive(floor)
= Opened -> IDLE
] [ Opened | IDLE --> [*]
@enduml

Fig. 15. Generating UML Images
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IHS =3I} Class 24E o5, $4(Attribute), A4+
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Message® 7A€ th ESH StateMachine 84+ AFE](State)
¢} Ao](Transition)=® T H .

Step 9. & 719t WEtZRE dojE WIS AT A
w et 22 EMF(Eclipse Modeling Framework) 7|5t =
= 389 o= A ERY FEE Yot 2E ©
g Qs e HERdE Yot 1 FR= Fig 173
Faan
FEg BAs] 98 SEle 2= dEzdy) UML H
B mdo 8459 B3 3 LuIEE stk
CompilationUnitZ A9 942 sFo] &Y Java &4 1t

Model
— Class [name, attributes, operations]
|——Attribute [name, type]
—— Operation [name, returnlype|
Sequence [name]
Lifeline [name]
Message [sender, receiver, content]
StateMachine [name]
State [name]
Transition [source, target trigger]

@' encodi

:type=

name="name"

name="name"

" name="returnType"

Fig. 16. Generating Metamodel and Saving Data

Model
L— CompilationUnit
TypeDeclaration [name]
BodyDeclaration
MethodDeclaration [name, returnType, parameters|
ParameterDeclaration [name, type]
FieldDeclaration [name, type]
VariableDeclaration [name, Initializer]

Fig. 17. Code Metamodel Structure
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» Java Code

[public class elevator { |
String doors;
String floor;
String button;
boolean opened;
boolean moving;
public void call()
public void move ()

moving=true;

}

public void open ()
moving=false;
opened=true;

}
}
class user {
elevator e = new
elevator () ;
public void press(String
button) {
e.move () ;
e.open();
xsi:type="j “ }
public void get() { }
public void
select (String floor) { }
}

class doors { }

Fig. 18. Generating Java Code from Code AST Model

rek

g9l L& YEH, 1 9o TypeDeclaration® & HE
H o8 S A(elevator, user, doors)E ESFoFCF Z+
TypeDeclaratione BodyDeclarations Z3 AE2oz2 3
glolH, o]+ oAl MethodDeclaration¥} FieldDeclaration.S
2 FAIstEh MethodDeclaration2 WA E o] &, wHek e}
9], 181 ParameterDeclaration E3F5to] Aolgich 1
23, FieldDeclaration2 WEZ9] EFIY 7| Variable
Declarations E3$Fslo] AA| W4 0|53} 27]5} A& #d
Ei=g

Step 10. 29 ¥ AXE 53 2AHE Z= A4

#olgl Fig. 18C g 722 E5) AAH xmi glo]g 1}
U} Java ZE ZHE HoETh UMLHE Java AST ZE9] H|
olg] WIS 3 AY sFsst AAYES WA 2 9k

A= A= vk
F719 F8 9AIQl 3
AR 9] o] Al 7]eS FEFL R @55]'—‘;— HES

Algtth QARG A dAA AL E-85te] 8 FARYY
FEAAE AATT. o]& 7IHte 2 AAE At UML &
A ZE=E 5] A HolE 7t At 2= HE
A2l =3 UML AAREE 7T 2d H3le 23t}
% 59 95 UE BHus JIE AFIE AT
= et Ao gk A5 Aoy, O
91 245 vHAlof oigt ”’*ﬂ@' @%01 HEgt,

A= ol S5k Yol 71 AFE EAAA HER

3} ol A (Metamodel Transformation Engine) 9] ++%9}
AAQl Wgk eSS AjKR ol 7Y FYe ¥

2
4z
o,
ol
X,
[
)
=
kU
[
iN-z o of

_1

BN

oz
-1 ox
2 o
oy 40



812 FEXZ|E3 =2X| HM142 H105(2025. 10)

o 742 48% 4 It EESE TS Aga,

“
AEIE 1% T3 74 AR M5 A

A A
At
FF ATE B A7olA AN Al B Y AnES

H o
o] BE AR S AS BEE W) oS B
23} 2L A A £330 A BAS vlm BAY Ao
St e AR B4 45 29 W
& S=e B Aol Ak el

AI7]_1:1\:1;<—]0E;<-LQ:5}:_H} Alo

i O 71

I

S
o

)

é
=2
=

=} TE

A A
o BT BIS SAO FHSHT 5 U AR Al 7
A etk Adehs o Zleig Ao sttt

References

[1] Stack Overflow, AL 2024 Stack Overflow Developer
Survey [Internet], https://survey.stackoverflow.co/2024/ai.

[21 Y. J. Jin, K. D. Kim, D. Y. Yoo, and R. Y. C. Kim,
“‘Adopting generative Al in each phase of software life
cycle for software development approach,” in Proceedings
of the Annual Conference of the Korea Information
Processing Society (KIPS), Vol.32, No.l, pp.401-404,
2025.

3] W. Y. Kim, H. S. Son, Y. B. Park, B. H. Park, C. R.
Carlson, and R. Y. C. Kim, “Automatic MDA (Model-
driven architecture) transformations for heterogeneous
embedded systems,” in Proceedings of the SERP 2008
Conference, Vol.2, pp.409-414, 2008.

[4] B. Park, B. Jeon, R. Y. C. Kim, and J. H. Lee,
“Metamodeling for automatic test case generation,”
International Information Institute Information, Vol.18,
No.6, 2015.

[5] N. Chomsky,
Gruyter, 2002.

[6] C. J. Fillmore, “The case for case,” New York: HR&W,
1968.

[71H. S. Son, W. Y. Kim, R. Y. Kim, and H. G. Min,

“Syntactic structures,” USA: Mouton de

“Metamodel design for model transformation from
Simulink to ECML in cyber physical systems,” in
Proceedings of the International Conference on Computer
Graphics, Animation and Games, pp.56-60, 2012.

[8] Eclipse Foundation, ASTParser [Internet], https://help.
eclipse.org/latest/index.jsp?topic=/org.eclipse.jdt.doc.isv
/reference/api/org/eclipse/jdt/core/dom/ASTParser. html.

o Z
https://orcid.org/0009-0000-4996-2436
e-mail : yejin_jin@g.hongik.ac.kr
20234 Foleiet AZES ol e}
-“" G
20254 Zoldfsti £TESol g3t}

(43D
20259 -3 A Tt AxEYoIgT (2D
T4lEoF: Software Engineering, Natural Language-based
Code Generation, Text_to_Emotion Recognition

Z oy e

https://orcid.org/0000-0003-0185-4406
e-mail : lentoconstante@hongik.ac.kr

20194 ofolchaitfekn AFe T}

(&4
20229 Zodist AZEQogRs}
(54D

20229 ~8 A Toldjsty AT Eol-g3sta} vt
A Bof: Al Software Testing, Software Engineering,

Reinforcement Learning Software Validation

TR
https://orcid.org/0000-0002-2147-5713
e-mail : bob@hongik.ac.kr
2000 @20l FH(IIT)

ABEYolg (D
20019 ~d A Fodista
AZEFOlg YT B
Al 80k Scenario Based Validation for Al Reinforcement
Learning, Metaverse(VR/AR), SE

_1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


