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Motivation

@ Building models and meta-models is complex

expertise on modelling language
expertise on domain

expertise on modelled system
expertise on high-quality modelling

@ Need for a modelling assistant...

akin to programming assistants (GitHub Copilot, Gemini Code Assist...)
able to deal with arbitrary modelling languages
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State of the Art

@ Analysis of approaches for modelling assistance

@ Most recent ones based on Large Language Models (LLMs)

e Suffer from some limitations (one or more):
target a single language (e.g., UML, Ecore)
fixed assistance (e.g., recommending attributes)
target either models or meta-models (not both)
some limited to textual languages

not conversational

not integrated within the modelling environment
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Contribution

@ EMF-Kaizen: Novel approach & tool for modelling assistance

LLM-based

conversational: flexible assistance requests
meta-model agnostic: for arbitrary languages
meta-level agnostic: for models and meta-models
concrete-syntax independent: for graphical, textual...
integrates off-the-shelf within EMF tree editors

@ Evaluation

o effectiveness
o LLM effect
e prompting strategies
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Approach
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Working Scheme
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Esther Guerra

drag & drop

EMF-Kaizen

LLM-based
conversational assistant

Two phases:

1 Assistant
configuration

2 Assistant use
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1. Assistant Configuration Phase

Esther Guerra

language
engineer

@) conrure

assistance
context

meta-model

irrelevant configuration
elements [~ [T meta-
NL ~~"| model

d

=.; «conforms to»

EMF-Kaizen

o Meta-model of the
modelling language

o (o) Filter irrelevant
elements

@ (o) NL description of
meta-model

e (o) Default LLM and
parameters

— EMF-Kaizen
generates synthetic
example models.
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2. Request Assistance

request
assistance

i Request in NL

NL
request
classify ) off-topic

®

= ii LLM-based
question model completion C|aSSIfIC3tI0n Of

modeller intent:

modeller

@ question

e request to complete
current model

e off-topic otherwise
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2. Request Assistance

iii Prompt construction

e Common part:
question model completion Iswry assistance
= 5 =] context e system prompt
build question build model s
[[ prompt )[compl. prompt)}k ook g’l:‘rggz‘n o NL request
T ¥ elements [t o selected objects in
question model compl. d N,L . |-’ model
prompt prompt escription «conforms to» current model
" SON, firere
N - mode! .
objects (JSON, filtered)
modelling context

e its meta-model
(filtered)
MM description

e conversation history
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2. Request Assistance

iii Prompt construction

o Query-specific:
question model completion A assistance .
i e =l context e question prompt (NL
build question build model .
[[ prompt )[compl. prompt) L"fn‘f?g'.?fé?,i‘n eXp/anat/on as
T i elements [t response)
question model compl. d N,L . |-’ model . .
prompt prompt escription «conforms to» @ response gUIdellnes
e oot
- mode! .
Shlects model generation)
modelling context
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2. Request Assistance

iii Prompt construction

e Completion-specific:
question model completion A assistance .
= 5 =] context e completion prompt
build question build model s
[[ prompt )[compl. prompt]} TV ’c"‘fn‘falgmgﬂi‘n (mode/ fragment
{ i o e | conformant to MM)
question model compl. d N,L(, |-’ model . |
prompt prompt escription «conforms to» @ response gulde Ines
o fonly 2 S
objects fragment)
modelling context

o example models
(JSON, synthetic)
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2. Request Assistance

iv LLM is prompted

hisory v Response processing
e query: display
e completion request:

: : parse JSON into
question model compl. )
‘ prompt ‘ prompt ‘ . EMF objects
i i !
[ o+ LLM | ¥
¥ v i
| answer | |modelfragment '

( dis:)lay ) ( pa:se )

model objects

recommendation
=) history
tg)
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3. Use Fragment Suggestion

o EMF objects are

moeller stored and displayed
@ use fragment

suggestion

@ Drag&drop of objects
e into current model
e into other models
o fully / partially

modelling context

|

recommendation |

Ea history '

B drag & drop H
incorporate }--c----t-s-sssosmmsocoooooos
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Why JSON as the model exchange format?

Meta- serialisation
model  fe------- .
(filtered) i
= ¥ 5

‘3: 3? JSON Assistance
5 £, Schema GRS
2! 25 (custom) (additional)
8! st

prompt
builder

answer LLM @
Text to Objects parsing
JSON OXMI) - Pa_
«conforms to» v S
Meta-
model
(filtered) | recommendation
history
ENF Kaizen

Why JSON? Robustness!

X LLMs can produce XMl
with errors

X EMF parser fails

v JSON serialiser

comps — nested dicts
refs — unique XMl:ids

v Flexible JSON parser

fix mistakes, like
non-existing attributes
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Tool
EMF-Kaizen
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Architecture

EcLIPSE £
views menus preferencePages
' é Extension e) IWorkbenché
IViewPart Contribution Preference &2
Factory Page
1 I
language
EMF EDITOR 4 >
CONFIGURATION LLM engineer
: ASSISTANT PREFERENCES PAGE | | N |
CHAT VIEW L
modelle \ :u | INTENT CLASSIFIER ” PROMPT BUILDER I::
RESULT VIEW *
ASSISTANCE 1
s
SessioN | ____ | JSON PARsER
CHAT & MANAGER & SERIALISER
RECOMMEN.
HISTORY EMF KAIZEN
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Configuration

onfiguration

©)

Metamodel Source

O From file (.ecore)

Step 1: Load Metamodel

O From registered metamodels

.ecore File: )\OneDrive\Documenls\MindMapS\MindMap.ecorei Explore...

@ Select All / Deselect All

Available Metamodel Elements

~ @ Map
name (attribute)
description (attribute)
root (reference)

~ (@ Concept
name (attribute)
subConcepts (reference)

parent (reference)
=

[attributa)

Select Metamodel Elements

®

Description of the Metamodel

Provide a description of the metamodel. This will be used by the assistant to

better understand the context. You can write it manually or generate it
automatically.

'Fhe selected subset of the EMF Ecore metamodel represents the
foundational elements for creating a mind mapping application,
spedifically focusing on two key entities: **Map** and **Concept**.

### Summary of Selected Entities:

1. **Map**:

- This class serves as the nrimarv container for a mind mao.

Esther Guerra

Describe with Al

Previous Next Finish Cancel
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LLM Preferences

type filter text
> General
> Ant
> CDO
EEF
> EMF Compare
\EMFKaizen\
» EmfParsleyDsl
> GEFDOT
> Help
> Install/Update
> Java
> Language Servers
> Logic Diagrams

EMF Kaizen Cro-
Configure EMF Kaizen API Key and Large Language Model (LLM) settings.
Select LLM Provider:

© OpenAl (GPT Models)

O Google (Gemini Models)

OpenAl Configuration
OpenAl API Key:

®

Validate API Key API Key is currently considered

©

LLM Configuration Profiles
Select profile: Cheap (Cost-Optimized)

> Maven Custom LLM Settings
Model Editor Custom Profile Name:  Cheap (Cost-Optimized)
> Model Validation
» Myiyn LLM Mod e p v
> ocL @ Advanced Parameters
> Oomph Enable Temperature
> Plugein Developmer |
> Run/Debug vilus (019 -2/9) |2
> Sirius Enable Top-p
> Terminal Value (0.0 - 1.0 0.8
> TextMate
> Version Control (Tes Enable Max Output Tokens
> Xcore Valu 5000
? XML (Wild WebDev | | b bt Reasoning / Thinking Config
Level High
| Oueh ® Apply and Close Cancel
ther Guerra EMF-Kaizen
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Assistance

% model2xmi X
v @ platform:/resource/MindMaps/model2.xmi
~ 4 Map Barogue music
v 4 Concept Barogue music
+ Concept Instrumental music
+ Concept Vocal religious music
“+ Concept Opera

4 Concept Dance suite

4 Concept Features
+ Concept History
> 4 Concept Early baroque

<

[+ Concept Middle baroque|

+ Concept Late barogue

B EMF Kaizen Results

=&

= O @ EMF Kaizen Chat - create_two_concepts_imit.. — O

@ Active Project:  Active LLM: OpenAl (gpt-5-mini

Load Session Rename NewSessionl

> & Recommendation 1 - Summary: Create concepts “Imitation” and “Counter|

> @ 2 - summary: model into Spanish.
> @ ion 3 - Summary: pts for “Late
v 4 - Summary: Complete the Middle Baroque section, ads

~ @ Middle baroque: Concept
@ name: Middle baroque
description: 1630-1700

@ description: null

> © Basso continuo: Concept

> © Figured bass: Concept

> © Terraced dynamics: Concept

> © Omamentation: Concept
parent: Middle baroque
relatedTo:

¥ @ Instruments and ensembles: Concept

© name: Instruments and ensembles

@ description: null
> © String ensembles and continuo groups: Concept
© Chamber ensembles: Concept
© Harpsichord and organ (continuo): Concept
© parent: Middle barogue
B relatedTo:

> © Representative works and examples: Concept

sther Guerra

@

[l Properties T & 7 E=o
Property Value
Description  *= Baroque music concepts
Name Baroque music
Parent
Related To @
EMF-Kaizen

Type

you?

2 You

Complete the Middle
baroque with all
missing details

18:57

&/ EMF Kaizen
Processing
recommendation
request [#4]...

= EMF Kaizen

The recommendation
details can be found
in the EMF Kaizen
Results view.

How else can | help
you?

Generatedin 1.71m 18

our me:

. Send
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Evaluation:

Effectiveness of EMF-Kaizen

Esther Guerra EMF-Kaizen ECMFA 2026 20 /47



Effectiveness: Experiment Design

@ Dataset of meta-models, models, and NL requests

o EMF-Kaizen to obtain model fragments out of the requests
4 LLMs:

Google: gemini-2.5-flash-lite

OpenAl: gpt-4o0-mini

OpenAl: gpt-4.1-mini

OpenAl: gpt-5-mini

@ Analysis of produced model fragments:

) syntactical correctness (once converted into XMI)

$ semantical meaningfulness

¥ redundancy (unnecessary objects repeated from current model)
& size

Q& response time
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Effectiveness: Dataset

5 meta-models
@ Ecore filtered to discard elements absent from Ecore editor
@ Rest of meta-models are hand-made to avoid data contamination

@ NL description generated automatically, adjusted if needed

Original Size Configuration
Meta-model #Class | #Atts | #Refs #Class | #Atts | #Refs | #Desc.
Words
Ecore 20 33 48 13 15 9 371
Mind-maps 2 5 3 2 5 3 266
Wizards 9 12 7 9 12 7 367
State machines | 8 8 7 8 8 7 366
Process models | 11 5 4 11 5 4 316
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Effectiveness: Dataset

15 models (3 per meta-model)

@ Hand-made to avoid data contamination

@ 3 levels of completion: initial, medium, (almost) complete

Model Description Size
Ecore-0 Meta-model of a Petri net (initial) 2
Ecore-1 Meta-model for goal models (incomplete) 10
Ecore-2 A meta-model for a tourism application (complete) 55
Mind-map-0 Mind-map for Al and LLMs for education (initial) 2
Mind-map-1 Mind-map for healthy living (mid-completion) 12
Mind-map-2 Mind-map for baroque music (some details missing) | 29
Wizard-0 Wizard to customise LLM requests (initial) 2
Wizard-1 Wizard to set up a user account (mid-completion) 10
Wizard-2 Onboarding data collection (some details missing) 21
State-machine-0 | State machine for traffic light (empty) 1
State-machine-1 | State machine for media player (mid-completion) 10
State-machine-2 | State machine for an ATM (some details missing) 22
Process-model-0 | Paper publication process (initial) 2
Process-model-1 | ClI/CD pipeline (mid-completion) 10
Process-model-2 | Order fulfilment (some details missing) 20

EMF-Kaizen ECMFA 2026
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Effectiveness: Dataset

120 assistance requests of 4 categories (2 requests per category per model)

o command-like: requested elements explicitly described
- ‘“create two classes with names Country and City, where Country has...”
- ‘“create two states connected by a time-triggered transition”
o model-based: model modifications
“translate the current model into Spanish”
“create a composite state that contains the selected elements”
@ recommendation: model completions
- ‘“recommend fields for each selected page”
- “recommend more substates for Operational”
o domain-descriptive: high-level domain descriptions

- “finish the metamodel for Petri nets, considering time in transitions”
“create the states and transitions for a traffic light that has both lights
for cars and for pedestrians, and that has time-triggered transitions”
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Effectiveness: Syntactic Correctness

OK [ Missatt [ Missref | KO

gpt-5-mini
Ecore 75.00 0.00 25.00 0.00
Mind-maps 100.00 0.00 0.00 0.00
Wizards 83.33 8.33 8.33 0.00
State machines 100.00 0.00 0.00 0.00
Process models 95.83 0.00 4.17 0.00
Total 90.83 1.67 7.50 0.00

gpt-4.1-mini
Ecore 95.83 0.00 4.17 0.00
Mind-maps 83.33 0.00 16.67 0.00
Wizards 79.17 0.00 20.83 0.00
State machines 100.00 0.00 0.00 0.00
Process models 91.67 4.17 4.17 0.00
Total 90.00 0.83 9.17 0.00

gpt-4o-mini
Ecore 79.17 0.00 8.33 12.50
Mind-maps 95.83 0.00 0.00 4.17
Wizards 87.50 0.00 0.00 12.50
State machines 87.50 0.00 0.00 12.50
Process models 70.83 0.00 12.50 16.67
Total 84.17 0.00 4.17 11.67

gemini-2.5-flash-lite
Ecore 58.33 0.00 41.67 0.00
Mind-maps 100.00 0.00 0.00 0.00
Wizards 91.67 4.17 4.17 0.00
State machines 91.67 0.00 8.33 0.00
Process models 70.83 0.00 29.17 0.00
Total 82.50 0.83 16.67 0.00
EMF-Kaizen

Most fragments are
syntactically correct
[82.5-90.83%)]

A few have syntactic errors

[4.17-17.5%]

e missing attributes
e missing references

Only gpt-4o-mini had KO's

( “translate into Spanish”
considered off-topic)

ECMFA 2026
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Effectiveness: Redundancy

No [ Some [ Al

gpt-5-mini
Ecore 95.80 0.00 4.20
Mind-maps 70.83 12.50 16.67
Wizards 87.50 8.33 4.17
State machines 79.16 0.00 20.83
Process models 87.50 0.00 12.50
Total 84.17 4.17 11.67

gpt-4.1-mini
Ecore 95.83 0.00 4.17
Mind-maps 100.00 0.00 0.00
Wizards 100.00 0.00 0.00
State machines 100.00 0.00 0.00
Process models 87.50 0.00 12.50
Total 96.67 0.00 3.33

gpt-4o-mini
Ecore 100.00 0.00 0.00
Mind-maps 91.30 4.34 4.34
Wizards 90.47 9.52 0.00
State machines 95.24 4.76 0.00
Process models 90.00 10.00 0.00
Total 93.40 5.66 0.95

gemini-2.5-flash-lite

Ecore 100.00 0.00 0.00
Mind-maps 100.00 0.00 0.00
Wizards 100.00 0.00 0.00
State machines 100.00 0.00 0.00
Process models 83.33 0.00 16.67
Total 96.67 0.00 3.33

Esther Guerra

EMF-Kaizen

@ Most fragments have no

redundancy (no unnecesary
objects repeated from the

model) [84.17-96.67%)]

ECMFA 2026
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Effectiveness: Semantic Correctness

Low [ Partial | High

apt.5-mini @ Many fragments have
Ecore 0.00 4.17 95.80 H H H
Mind-maps 0.00 717 | 95.80 high-fidelity [59-17_92-5%]
Wizards 0.00 12.50 87.50
State machines 0.00 8.33 91.67
Process models 0.00 8.33 91.67 H H H
Proc LR 2 @ LLMs with no low-fidelity
gpt-4.L-mini fragments:
Ecore 0.00 3333 | 66.67 L
Mind-maps 0.00 833 | 9167 o gpt-5-mini
Wizards 0.00 4.17 95.83 .
State machines | 0.00 717 | 95.83 o gpt-4.1-mini
Process models 0.00 8.33 91.67
Total 0.00 11.67 88.33
gpt-4o-min .
Eeore 5 00T 55 @ Meta-models with fewer
Mind-maps 4.17 20.83 75.00 H _f1 H .
Wizards 12.50 45.83 41.67 hlgh fldehty fragments'
State machines 16.67 20.83 62.50 o Ecore
Process models 20.83 25.00 54.17 .
Total 13.33 27.50 59.17 o Wizards
gemini-2.5-flash-lite
Ecore 4.17 37.50 58.33
Mind-maps 0.00 12.50 87.50
Wizards 8.33 25.00 66.67
State machines 16.67 25.00 58.33
Process models 4.17 25.00 70.83
Total 6.67 25.00 68.33
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Effectiveness

50% 96.67

gpt-5-mini

000

- Semantic Correctness

gpt-40-mini

43.33]

50.00|

OHigh
@partial

OHigh
@Partial
aLow

Esther Guerra

gpt-4.1-mini
83.33] 86.67) 83.33]
00.
16.67| 13.33] 16.67|
000
‘model-based
gemini-2.5-flash-lite
43.33 |
50.00)
86.67] 83.33]
3333
1333 1667
‘:g: 333 667
‘model-based
EMF-Kaizen

@ Command-like:

easiest
@ Domain-descr.:
most difficult

ECMFA 2026
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Effectiveness

5 & 8

number of non-redundant objects (average)
@

command-like

10.6

10.0

model-based

Ogpt-5-mini @gpt-4.1-mini

- Size

7.2
4.9

5.1

recommendation

212

16.7

.

domain-descr.

@gpt-do-mini  Wgemini-2.5-flash-lite

Esther Guerra

EMF-Kaizen

@ Domain-descr.:

biggest fragments
(up to 92 objects)

ECMFA 2026

o Command-like,
recommendation:
smallest fragments
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Effectiveness: Summary

Good syntactic correctness [82.5%-90.83%)]

Low redundancy [84.17%-96.67% with no redundancy]
Good semantic fidelity [59.17%—-92.5%)]

Very few fragments with low fidelity [0%—13.33%]

Fragments of substantial size, especially for domain-descr. reqs

— EMF-Kaizen is effective for (meta-)modelling assistance
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Evaluation:

Effect of LLM
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Effect of LLM: Summary

@ Substantial effect on the LLM used

@ gpt-5-mini:
e best syntactic correctness and semantic accuracy
o biggest fragments
o ...but the slowest one (5x): ~31s

o gpt-4.1-mini:
o second best performing LLM (by a narrow margin)
e ...but much faster: ~6s
e ...and fewer redundant fragments
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Effect of LLM: Example

Given Ecore meta-model with 2 elements, “complete this meta-model of Petri nets,
with all missing details, and to consider inhibitor arcs”

= description : ESting

Al 04 pansiions = author : ESting
boslean E Tansiton

T name: EString
=3 description : ESting

& Ent

5 arc
< weight : Elnt = 1
—

int
[1..1] source

4 ESting E TanstionToPhcatic
jovalangString
(1.1] torget B PhceToTmnsitonar
L

g phce [1.1] troet

[0.4] places

5 name : EString
= description : EString
= initlTokens : Eint

(101 source  J

gpt-5-mini (high fidelity)
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Effect of LLM: Example

Given Ecore meta-model with 2 elements,

with all missing details, and to consider inhibitor arcs”

T

‘ © weight : Elnt = 1
" isinhibitor : EBoolean = false

0.#] olitgoing |

x
10.] tokens 10.4] putgoing (0.*]fincoming

0.#] incoming

1

8 Place | 8 Transition
= name : ESti name : EString 0
(0.*}transitions  [0..*] arc

(0.7] places

]
gemini-2.5-flash-lite

E PetriNet .0

o [ v )

name : ESt
tokens : Elnt

inhibitorArcs
10.]

“complete this meta-model of Petri nets,

B Transition ‘ I Place

© weight : Elnt
PetriNet

description : EString NormalArc InhibitorArc
author : EString

* name : EString

tokens : Ent
= description : EString

= description : EString

gpt-4.1-mini

gpt-4o-mini

The fragments have partial fidelity, and contain references with empty type.

Esther Guerra

EMF-Kaizen

ECMFA 2026
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Evaluation:

Effect of prompt design

sther Guerra EMF-Kaizen ECMFA 2026 35 /47



Effect of Prompt Design: Ablation Study

o LLM: gpt-4o0-mini

@ 2 meta-models:

o adapters: low-resource, domain-specific, very specialised
e UML2: 256 classes, 17700 LoC, focus on class diagrams

@ Prompt variations:

complete prompt

no NL meta-model description
no example models

no meta-model filtering

EMF-Kaizen

ECMFA 2026
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Effect of No NL Meta-model Description

Syntax Il Redundancy 1 Semantic
OK [ Matt | Mref | KO é{ N | Some | Al [| Low [ Partial | High
omplete prompt
[ Adapters | 10000 | 0.00 | 0.00 | 0.00 ][ 100.0 | 0.00 [ 0.00 || 833 | 50.00 | 41.67
[ UML2 3333 | 000 | 6667 | 000 || 100.0 | 0.00 | 0.00 || 416 | 3333 | 625
No NL meta-model description
[ Adapters | 10000 | 000 | 000 | 0.00 [| 1000 | 000 [ 0.00 || 3333 | 4167 | 25
[UML2 3333 | 0.00 | 66.67 | 0.00 || 100.0 | 0.00 | 000 |[ 833 | 2917 | 625

o Adapters: Decrease of high fidelity fragments (from 41.67 to 25%)
o UML2: Small impact

— NL meta-model description clarifies domain-specific terms
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Effect of No Example Models

Syntax Il Redundancy 1 Semantic
KO é{ No [ Some [ Al Partial | High
omplete prompt
[

I I [1 I
[ Adapters | 100.00 | 0.00 0.00 [ 0.00 [| 1000 | 0.00 | 0.0 [| 833 | 50.00 | 4L.67
[UML2 3333 | 0.00 | 66.67 | 0.00 || 100.0 | 0.00 | 000 || 416 | 3333 | 625
No example models
[ Adapters | 100.00 | 0.00 | 0.00 | 0.00 ][ 100.0 | 0.00 | 0.0 || 833 | 6250 | 29.17
[ umML2 3333 | 0.00 | 4167 | 25 || 7778 | 555 | 16.67 || 375 | 16.67 | 45.83

o Adapters: Decrease of high fidelity fragments (from 41.67 to 29.17%)
@ UML2: Decrease of high fidelity fragments (from 62.5 to 45.83%),

more off-topic (from 0 to 25%), more redundancy (from 0 to 22.22%)
@ Why? Incorrect encoding of references in JSON (no XMl:id)

— Example models illustrate the JSON encoding of models
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Effect of No Meta-model Filtering

Syntax [l Redundancy [l Semantic
OK [ Matt | Mref [ KO [[ No [ Some [ Al [[ Low [ Partial [ High
Complete prompt
[ Adapters | 10000 | 0.00 | 000 | 0.0 ][ 100.0 | 0.00 | 0.00 || 833 | 50.00 [ 4167
[ UML2 3333 | 0.00 | 66.67 | 0.00 || 1000 | 0.00 | 0.00 || 416 | 33.33 | 625
No meta-model filtering
[ Adapters | 100.00 | 000 [ 000 | 0.0 || 1000 | 000 [ 0.00 || 833 | 50.00 | 4167
[omL2 - - T - T -1 - T-T-1-1-°71-+

@ UML2: the meta-model exceeds the context window of gpt-4o-mini

@ Filtering to consider only class diagrams fixes the problem

— Filtering reduces large meta-models, yielding smaller prompts
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Conclusions
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Summary

@ Approach to LLM-based modelling assistance that is:
e conversational
o domain-independent (arbitrary modelling languages)
e meta-level independent (models and meta-models)
e notation-independent (abstract syntax)

e EMF-Kaizen: realisation for EMF/Eclipse

@ Evaluation on several domains and scenarios
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Lessons Learnt

@ Which LLM to use?

o faster for simple requests
e reasoning for complex requests
e dynamic selection of LLM?

@ The request formulation matters

X ‘“suggest 2 tasks for this process”: taskl, task2
v “suggest 2 tasks for this educational process”: research, presentation

o ldentify the application context

o “suggest attributes for this class” — which class???
e we include the XMl:id of selected objects in the prompt
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Future Work

Trace the recommended model fragments into model (ongoing)

(]

OCL is added to the prompt, but not validated

Cross-references between models and fragments (proxy objects?)

Integration within other editors (Xtex, Sirius...)

Support for other tasks (e.g., model repair) and artefacts
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EMF-Kaizen: an intelligent assistant for
domain-specific modelling and meta-modelling

Lissette Almonte, Jefferson Ivan Rengifo, Esther Guerra, Juan de Lara
esther.guerra@uam.es

O]

https://emfkaizen.github.io/

Comments? Questions?
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