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ABSTRACT

Large language models (LLMs) have recently enabled au-
tomatic generation of parametric computer-aided design (CAD)
programs from natural language. However, real-world CAD
workflows are inherently iterative and require reliable editing
rather than one-shot model synthesis. In this work, we propose
LLM4CAD-Editor, an LLM-based intent-aware framework for
instruction-guided CAD editing based on a structured domain-
specific language (LLM4CAD-DSL). The symbolic represen-
tation of LLM4CAD-DSL enables robust geometric modifica-
tion through a feature-level entity selection mechanism, allowing
models to reference geometry via feature names instead of co-
ordinates, thus transforming fragile coordinate-based reasoning
into natural language-based reasoning that many LLMs can han-
dle. We construct a multimodal CAD editing dataset with over
35,139 instruction—program pairs via DSL-based augmentation
and vision—-language instruction synthesis, covering functional-,
operation-, and parameter-level editing intents. To validate the
work, we fine-tuned a 32B-parameter language model for DSL
editing generation. Experimental results show high parsing ac-
curacy for parameter-level edits (96.3%) and strong intent satis-
faction rates of 82% for functional instructions. The model also
achieves an average Intersection-over-Union (IoU) of 0.935 for
parameter-level edits, 0.871 for operation-level edits, and 0.708
for functional-level edits, while the corresponding average edit-
ing distances are 0.176, 0.579, and 2.859, respectively. Com-
parative studies further demonstrate a significant improvement
in editing robustness by 1.4x over Python-based CAD script-
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ing approaches. These results confirm that LLM4CAD-Editor
can reliably perform both low-level parameter modifications and
high-level functional edits, maintaining high accuracy and low
structural errors across diverse editing tasks.

Keywords: Computer-aided Design, CAD Editing, Domain-
specific Language, Large Language Model, LLM Fine-
tuning

1 Introduction

As Large Language Models (LLMs) continue to advance,
they have been increasingly applied to computer-aided design
(CAD) generation tasks. Recent approaches demonstrate that
LLMs can translate natural language descriptions into paramet-
ric modeling sequences [1-3]. However, despite promising
progress, generated CAD models often lack geometric precision,
parametric consistency, and fine-grained controllability. In this
context, parametric consistency means maintaining valid rela-
tionships among parameters, features, and construction history,
while fine-grained controllability means allowing localized edits
to specific dimensions or operations without unintended global
changes. These limitations have hindered the use of such mod-
els in practical engineering applications and have made them
function more as concept generation tools than as reliable de-
sign systems. Therefore, there is a growing need for LLM-based
CAD systems that support reliable, controllable editing after ini-
tial generation.

In practice, CAD model creation is inherently iterative. De-
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signers typically begin with a coarse draft and progressively re-
fine it through multiple rounds of modification until the model
satisfies functional and manufacturing requirements. This un-
derscores the increasing significance of CAD editing as a core
capability. Compared to one-shot CAD generation, CAD editing
better reflects real-world workflows, where adjustments, correc-
tions, and refinements dominate the design cycle. Nevertheless,
CAD editing remains underexplored in relation to CAD genera-
tion.

Existing studies [4,5] on CAD editing face two major limita-
tions. First, most current methods only support relatively simple
geometric compositions derived from sketch—extrude sequences.
Advanced parametric operations—such as revolve, fillet, cham-
fer, and cross-feature dependency updates—are rarely addressed.
As a result, these systems struggle to handle industry-level de-
sign scenarios that require a deeper understanding of the model-
ing history and parametric relationships.

Second, natural language editing instructions play a cru-
cial role throughout the editing process, serving as the primary
medium of communication between humans and Al systems.
However, users at different levels of expertise express design in-
tent in fundamentally different ways, as shown in Figure 1. Non-
expert users often describe modifications at the functional level
using abstract instructions, such as “make this part stronger” or
“adjust it so it looks more balanced.” In contrast, professional de-
signers tend to provide precise, operation-level commands, such
as “increase the extrusion depth by Smm” or “add a fillet with a
2mm radius to the outer edge.” Current studies largely overlook
this distinction in design intent representation and fail to model
the variability in linguistic abstraction between user groups.

This gap raises a key research question: Can LLMs support
CAD editing that accommodates multi-level design intent—from
high-level functional descriptions to low-level parametric oper-
ations—while supporting advanced modeling operations beyond
simple sketch—extrude workflows? Addressing this challenge has
the potential to bring LLM4CAD systems closer to practical de-
ployment, enabling more flexible, intelligent, and user-adaptive
design assistance.

In this work, we propose LLM4CAD-Editor, a unified
framework for natural language-based CAD editing. Building
upon LLM4CAD-DSL, the domain-specific language (DSL) rep-
resentation developed in our previous work [6], we represent
CAD models as structured parametric programs with explicit
feature-level CAD operation sequences (i.e., modeling histories)
to enable precise and consistent modifications.

To construct training data, we develop a data augmentation
pipeline that converts LLM4CAD-DSL scripts into paired orig-
inal-edited samples through controlled transformations. This
pipeline systematically applies controlled modifications to gener-
ate diverse editing trajectories, allowing the model to learn struc-
tured transformations over parametric programs.

To model multi-level design intent, we employ the vi-

sion—language model Qwen3-VL-32B [7] to generate editing in-
structions at three levels of abstraction: (1) functional-level in-
structions, which describe high-level design goals; (2) operation-
level instructions, which specify CAD operations; and (3)
parameter-level instructions, which define explicit numerical or
geometric changes. Based on this multi-level instruction cor-
pus, we fine-tune Qwen3-32B [8] using Low-Rank Adaptation
(LoRA) [9] to adapt the model for intent-aware CAD editing.

We evaluate LLM4CAD-Editor across different instruction
levels using four complementary metrics. Parsing rate is first
used to measure the syntactic validity of generated DSL pro-
grams. Intersection-over-Union (IoU) is then employed to quan-
tify geometric consistency between the edited and target mod-
els. Editing distance further evaluates the correctness of mod-
eling operations at the program level. Finally, an LLM-assisted
evaluation protocol is adopted to assess semantic alignment be-
tween generated edits and high-level design intent. Together,
these evaluations demonstrate the model’s ability to reliably in-
terpret and execute instructions across varying degrees of ab-
straction and design intent.

To summarize, our main contributions include:

¢ We introduce LLM4CAD-Editor, an intent-aware frame-
work for instruction-guided CAD editing that bridges high-
level functional descriptions and low-level parametric oper-
ations within a unified modeling pipeline.

* We construct a multimodal CAD editing dataset with multi-
level editing instructions, generated via DSL-based pro-
gram augmentation and vision—language instruction synthe-
sis, covering functional-, operation-, and parameter-level de-
sign intents.

* We demonstrate through comprehensive experiments that
the proposed framework achieves high editing accuracy and
strong geometric consistency across different intent lev-
els. Complementary qualitative comparisons further high-
light the advantages of symbolic editing representations over
geometry-driven Python-based CAD scripting.

2 Related Work
2.1 LLM-based CAD Generation and Editing

Recent advances in Large Language Models (LLMs) have
enabled automatic CAD generation from natural language or im-
age instructions, where textual or visual input is translated into
parametric modeling sequences. Several works have demon-
strated the potential of this approach. For example, CAD-
GPT [10] maps 3D positions and sketch-plane rotations into a
language feature space to achieve precise spatial localization,
supporting both text-to-CAD and image-to-CAD tasks. CAD-
MLLM [11] fine-tunes a pre-trained LLM to perform unified
conditional generation from text, images, and point clouds, align-
ing multimodal features with CAD command sequences. Simi-
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FIGURE 1: Overview of the LLM4CAD-Editor framework. The system takes natural language editing instructions at multiple abstraction
levels (functional, operation, and parameter) and generates structured CAD edits using LLM4CAD-DSL.

larly, CAD-Llama [12] uses a hierarchical annotation pipeline
to convert sketch—extrude sequences into a structured paramet-
ric code format, providing hierarchical semantic descriptions for
LLM-based generation.

While these methods achieve impressive results in one-shot
CAD generation, they remain primarily focused on producing
initial drafts rather than supporting iterative refinement. More-
over, most generation approaches are limited in controllability
and fine-grained parametric consistency. To address this, CAD-
Editor [5] explores using LLMs to modify numerical CAD se-
quences based on natural language instructions. However, it
largely handles basic sketch-extrude operations and struggles
with complex feature dependencies.

Parallel to sequence-based methods, B-repLer [4] introduces
a latent-space editing framework that operates directly on B-rep
data and complex freeform surfaces, bypassing the need for ex-
plicit construction history. Yet, by decoupling the editing pro-
cess from the modeling sequence, it inherently lacks the fine-
grained parametric controllability required for precision engi-
neering. This makes it difficult to maintain strict geometric
constraints or synchronize logical dependencies between inter-
dependent features. These limitations motivate the development
of CAD editing frameworks that retain structured operation se-
quences and feature dependencies, allowing reliable geometric
modification and effective support for advanced parametric op-
erations beyond extrusion.

2.2 Natural Language Interfaces and Multi-Level De-
sign Intent

Natural language serves as a pivotal interface in CAD edit-
ing, aiming to bridge the semantic gap between high-level design
intent and low-level geometric operations. Recent exploratory
studies have begun to leverage LLMs and multimodal architec-
tures to interpret textual instructions for parametric modifica-
tion. For instance, CAD-Editor [5] and B-repLer [4] demonstrate
the potential of translating natural language commands into lo-
calized geometric updates or numerical sequence adjustments.
These approaches have shown preliminary success in basic func-
tional tasks, such as resizing or translating elementary features,
suggesting a path toward enabling users to perform design itera-
tions without deep CAD expertise.

However, current methods typically treat all instructions uni-
formly, without considering differences in user expertise and user
intent. In practice, non-expert users often issue high-level or
functional instructions, such as “make this part stronger” or “ad-
just the design to be more balanced,” which do not correspond
directly to specific parametric operations. Professional design-
ers, in contrast, tend to provide precise, operation-level instruc-
tions with numerical or geometric specifications, such as “in-
crease the extrusion depth by Smm” or “add a fillet with a 2mm
radius to the outer edge.” Existing CAD editing systems fail to
model these differences in design intent, limiting their adaptabil-
ity across user groups. Furthermore, there remains a significant
challenge in aligning these multi-level instructions within CAD
editing workflows, particularly in understanding how high-level
functional intent relates to specific parametric adjustments. Ad-
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dressing this misalignment is critical for developing more flex-
ible CAD editing systems that can better accommodate the di-
verse communication styles of both novice and expert users.
Overall, prior CAD editing approaches either provide lim-
ited support for advanced parametric operations or do not ex-
plicitly capture multi-level design intent conveyed through nat-
ural language instructions. In the following section, we present
LLM4CAD-Editor to address these limitations.

3 Method
3.1 Methodology Overview

The core of our CAD editing framework leverages the struc-
tural advantages of LLM4CAD-DSL (detailed in Section 3.2).
The methodology follows a three-stage pipeline: data synthesis,
multi-level instruction generation, and supervised fine-tuning.

First, we perform data augmentation on the original
LLM4CAD-DSL dataset to construct a specialized sub-dataset
for editing tasks. This process involves generating paired DSL
scripts (original and edited) that represent valid geometric trans-
formations (Section 3.3.1). Second, to bridge the gap between
geometric changes and natural language intent, we utilize a
Vision-Language Model (VLM), specifically Qwen3-VL-32B,
to synthesize editing instructions across three distinct seman-
tic levels: Parameter Level, Operation Level, and Functional
Level. This results in a comprehensive dataset of editing triplets:
(editing instruction, original DSL, edited DSL) (Section 3.3.3).
Finally, we fine-tune a Large Language Model (Qwen3-32B) on
this triplet dataset to develop the LLM4CAD-Editor, enabling
the model to accurately map natural language design intent to
precise, stable DSL modifications.

3.2 LLMACAD-DSL: LLM-Friendly DSL for Robust
CAD Editing

The foundation of the editing task in this study is built upon
our previous development of an LLM-friendly domain-specific
language (DSL) for CAD: LLM4CAD-DSL. The architecture of
LLM4CAD-DSL is specifically designed to bridge the gap be-
tween high-level semantic intent and low-level geometric exe-
cution, serving as a robust substrate for automated CAD editing.
Traditional Python-based CAD APIs, such as CadQuery [13] and
FreeCAD [14], often rely on absolute 3D coordinates. In con-
trast, LLM4CAD-DSL introduces a symbolic selection mecha-
nism that assigns unique and interpretable semantic labels to ge-
ometric entities such as faces, edges, and loops. In an editing
context, this enables the LLM to modify a model by referenc-
ing stable identifiers—such as Edge, Topcap, Loop—rather
than calculating precise (x,y,z) coordinates, a task where LLMs
frequently suffer from geometric hallucinations. By decoupling
feature definitions from rigid spatial constraints, the DSL ensures
that the editing process remains focused on topological relation-

ships, significantly reducing the reasoning complexity required
for localized modifications. The syntax and representative ex-
amples of LLM4CAD-DSL are detailed in Table 1.

Furthermore, the structured and modular nature of
LLMA4CAD-DSL facilitates topology-aware updates that are es-
sential for iterative design. In traditional programmatic CAD,
minor parameter changes often trigger the “Topological Naming
Problem,” where downstream operations fail because their ge-
ometric references have shifted or vanished. LLM4CAD-DSL
mitigates this fragility by maintaining consistent symbolic refer-
ences throughout the construction sequence. This independence
allows the LLM4CAD-Editor to perform “surgical” edits—such
as adjusting a primitive parameter or inserting a complex func-
tional feature like a mounting plate—without triggering a cas-
cade of failures in subsequent operations. Consequently, the
DSL provides a unified representation that supports a hierarchy
of editing intents, ranging from low-level geometric tuning to
high-level functional additions, ensuring both the reliability and
the interpretability of the edited CAD models.

To leverage these structural advantages in a data-driven edit-
ing framework, we employ the LLM4CAD-DSL dataset [15] as
the primary source and benchmark for all editing tasks in this
work. This large-scale dataset comprises 107,994 high-fidelity
CAD models, each meticulously converted from the WHUCAD
dataset [16] into their corresponding LLM4CAD-DSL represen-
tations. Unlike existing datasets that are often limited to sim-
ple geometric primitives, the LLM4CAD-DSL dataset encom-
passes a wide range of advanced industrial features, including
revolve, fillet, chamfer, groove, and pocket operations. Each en-
try in the dataset provides aligned DSL scripts, valid STL models
generated from CAD programs with manufacturing-relevant op-
erations, and multi-view rendered images, offering a rich multi-
modal context for the LLM4CAD-Editor. By capturing complex
construction sequences and their resulting topological structures,
this dataset provides a diverse and representative sample of re-
alistic engineering designs, which is essential for training the
model to recognize and manipulate sophisticated geometric fea-
tures during the iterative editing process.

3.3 Data Synthesis

3.3.1 DSL Augmentation Based on the LLM4CAD-
DSL dataset, we design two types of data augmentation strategies
to construct CAD editing pairs.

1) Parameter Modification. In the first strategy, we ran-
domly modify numerical parameters within DSL operations.
These parameters include, for example, circle radius, extrusion
length, fillet radius, chamfer dimensions, as well as the selected
edges for fillet and chamfer operations. As illustrated in Fig-
ure 2a, the highlighted extrusion length is reduced to half of its
original value. In general, each numerical parameter is randomly
scaled within a range of 0.5x to 2x its original value. This
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Operation Example

Define sketch
1.0000))

Define variable

sketch:sketch_1 (origin=(-0.23, -0.09, 0.00), normal=(0.0000, 0.0000,

set var edge_2=edge (revolve_l:ridge (vertex (sketch_1:v_.2)))

set var face_l=face (extrude_l:side(line (sketch_l:arc.1)))

Add line vertex:v_1=(0.0000, 0.0000)
vertex:v_2=(0.7500, 0.0000)
line:line_l (start=v_1l, end=v_.2)
Add arc arc:arc_2 (start=v_12, end=v_13, center=v_14)
Add circle circle:circle_l (center=vertex_.1l, radius=0.0103)
Add loop loop:loop.2(entities=[line_11, arc.13, line_14, circle_16])
Extrude extrude:extrude_l (entity=sketch.1l, lengthl=-0.75, length2=0.00)
Revolve revolve:revolve_l (entity=sketch_.l, axis=line_l, anglel=360.00, angle2=0.00)
Fillet fillet:fillet_ 1 (entities=[edge.5, edge_6, edge.7], radius=0.04)
Chamfer chamfer:chamfer_1 (entities=[edge.l, face_2], distancel=0.01,
distance2=0.02)
Pocket pocket :pocket_1 (entity=sketch_2, lengthl=0.34, length2=0.00)
Groove groove:groove_l (entity=sketch_1, axis=line.l, anglel=360.00, angle2=0.00)

TABLE 1: Examples of supported LLM4CAD-DSL operations and their corresponding command syntax.

approach preserves the structural validity of the DSL program
while generating meaningful geometric variations.

2) Operation Deletion. The second strategy focuses on
structural edits. We randomly select one line of DSL code for
deletion. Based on the hierarchical structure of the DSL and ge-
ometry dependencies, we automatically detect all subsequent op-
erations that depend on the deleted geometry (e.g., via referenced
geometry names). These dependent operations are removed ac-
cordingly to maintain the validity and executability of the CAD
model. An example is shown in Figure 2b.

It should be noted that each original-edited DSL pair is in-
terchangeable. During the subsequent generation of the editing
instruction data for training, we swap the source and target pro-
grams. Therefore, the learning task includes not only deletion-
based editing but also addition-based editing.

For each augmented pair, we record the number of deleted
lines, which corresponds to the edit distance between the original
and edited DSL programs. This edit distance serves as a proxy
for the complexity of the editing task. After augmentation, all
edited DSL programs are rendered to further verify their validity.
This validation ensures that the augmented programs remain ex-
ecutable and produce valid CAD geometries. Because the source
DSL programs contain manufacturing-relevant operations such
as revolve, fillet, chamfer, groove, and pocket, the augmented
dataset also preserves engineering-oriented geometric features
that remain suitable for manufacturing-related CAD modeling
tasks. Through parameter modification, we obtain 8,973 DSL
pairs. Through operation deletion, we obtain 4,289 DSL pairs.
The distribution of deleted line counts is shown in Figure 3.

3.3.2 Instruction Generation To generate editing in-
structions for each DSL pair, we employ Qwen3-VL-32B as the
instruction generation model. For each DSL program, we first
render 8 isometric views of the corresponding CAD model. We
then compute the Structural Similarity Index Measure (SSIM)
[17] between the rendered images of the original and edited mod-
els and select the viewpoint with the largest visual difference.
This ensures that the geometric changes introduced by the edit
are clearly captured in the selected image.

Next, we provide the vision-language model with a system
prompt (Figure 4) together with the original DSL, the rendered
image of the original CAD model, the edited DSL, and the ren-
dered image of the edited CAD model. Based on this multimodal
input, the model generates an editing instruction describing the
transformation from the original model to the edited model. The
overall instruction generation pipeline is illustrated in Figure 5.

The generated instruction is structured into three levels of
intent: functional-level, parameter-level, and operation-level de-
scriptions. The functional-level instruction is mandatory and
captures the high-level design intent, while the parameter-level
and operation-level descriptions are optionally generated by the
model depending on the specific edit. In total, the dataset con-
tains 13,262 editing pairs and 35,139 instructions. The distribu-
tion of instructions across the three levels is shown in Figure 6.

3.3.3 Editing Dataset After generating editing in-
structions with three levels of design intent, we construct the final
CAD editing dataset. Each dataset entry corresponds to an edit-
ing pair derived from the augmented DSL scripts together with
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Version | DSLscript Rendered Image CAD Model Editing
Instruction

start
shetohzsketch_1{origin=l-0.32, -0.32, 0.00), nermal=0.0000, 0.0000,
1.00007)
vartexc_1 =(0.0000, 0.0000) .
vertasy 3 (0.6395, 0.0000) Parameter level:
linecline 1{start=v 1, end=v 2] -Change the
line:line_A{start=v_4, end=v_1) bottom edge

loop:loop_2(entities=(line_3. Uine_B. Une_7. lina_8])

treatment from a

skatch:sketch_2iorigin=(-0.08. 0.00, 0.00). normal=(0.0000.
0.0000, 1.0000))

circlecircla_11(cantar=(0.0788.0.0000], radius=0.0788)
loop:leon_2lentities=[circle_11])
extrudecextrude_2fentity=sketch_2, lengthi=-0.21, length2= -

removing the
secondary mounting
stud to create a flat
profile.

Original | extrude:eaude_tlentiy=sketch_1, length1=0.21, length2=-0.00, ! . N
diraction= (0.00, 0.00, 1.00), oparation_type= AddFasturaCparstion) fillet with radius
—_— 0.05to a chamfer
es— sde_1:bottom,_ _1:line_41 with a distance of
et var ecge_Beedgeiextrude 1-bottom_edze(inelsketch_1:line 3] 0.05.
fillat:fillat_O(entities=[adge 5, edge B, edge 7, edge_ 8], radius=0.05) Operation Level:
end -Replace the

fillet_0 on the top

edges of the base
‘Tn heskatch_1{origin=l-0.32, -0.32, 0.00] 1=(0.0000, 0.0000, with 3 chamfer.
skatch:sd 1 1{origin=} . -0.32, 0.00), normal=| , 0.1 5 i
1.0000) Functional Level
vartaey_1 = (0.0000, 0.0000) -Modify the
vertey_ 6335, 0.0000) bottom base
linecline_1{start=v_1, end=v_2
linecline._Afstart=y_4, nd=y_1] edges to have a

) lnop:loop_2{entities=(line_, line_B, line_7, line_&]) bevelad finish
Edited extrudesextruda_1entity=ckatch_1, langthl=0.21, length2= -0.00, instead ofa
direction= (0.00, 0.00, 1.00), operation_type= AddFeatureOperation) rounded one for
easier assembly.
et var edge_T=edgel sde_1:bottom_s _1:line_4i)
set ver adge_ B-adgalextrude_1:bottom _adge(lina(skateh_1:lina_3))
chamfer-chamfer_2{entities=[edge 5, edge 6, edge 7, edge 8],
distance1=0.04, distance2=0.03 end
ctart Parameter-Level:
skatchiskateh_1iorigin=(-0.75, 0.00, 0.74), normal=(0.0000, -1.0000, None
0.00001 Operation-Level:
erte ::‘ -Replaced

line:line_ 5 ¥ extrude_4
vertex:y_3 = (0. 5528, -0. 1895) (ariginally applied

Original to sketch_4) with
vertex:v_28 = (0.1974, 0.1835) separate extrude
line: uge_aﬁts::rt:;-_xg erdk;\;iﬂi 1207 engtire 078 operations for each
extrudecextrude_A{entity=s| 1 4, lengthl= 0. ngthl= 3
direction= (0.00, -1.00, 0.00], operstion_type= AddFeztur i sketch (extrude_1,
setvar edge_D=edgelextrude_diridgalvertexisketch_div_3)) extrude_2,
chamfer:chamfer_Zientities=[edga 2], distancel=0.04, extrude_3,
distance2=0.03) de 4
and extrude_4).

- Added chamfer_1
start on edge from
sketch:skatch_1(ogin=(-0.75, 0.00, 0.74], normal=(0.0000, -

1.0000, 0.0000)) ;xlru d_ej . )
10,0000, 0.0000) ‘unctional-Level:
v 1895, -0.1835) - Create a multi-
lineline_1(start=v_1, end=v_2] irecti
vartaxy_3={0.5528, -0.1855) _dlrectlon_al
interlocking
3 interface by adding
Edited vertexy 26 = (0.1974, 0.1895) identical slots in
line:line_35(start=y_23, end=y_28) A
line-lina_3H(start=y 24, ) three directions to
extrudecextrude_d(entity=sketch_4, lengthl= 0.74, length2= - allow the part to
0.74, diracticn= 0.00, -1.00, 0.00), cparation_typa= connect with
AddFeatureOperation)
setvaredge 2=adgaiextruda_d:ridgelvertesisketeh_div_ 3))) multiple
chamfarchamfer_2{antitins=[adgs_2], distancal=0.04, components
distance2=0.03) simultaneously.
and
start
sketch:sketch_1farigin=(-0.75, -0.20, 0.00), normal=(0.0000,
0.0000, 1.0000)} .
0.0000, 0.0000) Pammeter-Leve_ L:
"2 =(0.8053, 0.0474) -Delete the entire
lingzline_1{start=v_1, end=v_2) definition and
operation of

Original | circiasccircie_11(cener=im.0785,0.0000), radius=0.07a3) ’ sketch_2 and
loopiloop_2(entitine=[circla_11]) extrude_2, and
extrude:extrude_2{entity=sketch_2, length1=-0.21, langth2= -

0,00, direction= (0.00, 0.00, 1.00}, operation_type= "\ remove the
AddFaatur=Operatin] (%] subsequent fillet_0
setvar that references
adge_1-adgalextrude 2top_edgelline(sketch_J:circla 1)) edge 1

filletfillet Ofentities=[edge 1], radius=0.04) i

and Operation-Level:

-Remove the

cylindrical post and

start -
skatch:sketch_1{origin=(-0.75, -0.20, 0.00}, normal=(0.0000, its top edge ﬁue‘
0.0000, 1.0000)) from the main
vertex:v_1 = (0.0000, 0.0000) assembly.
vertesry 2 = (0.8053, 0.0474) i - :
line:line_1istart=v_1, end=v_2] Fuflclu_mal Level:
- Simplify the base
. component by
Edited vertexy 3 = (0.7105, 0.1105)

0.00, end

TABLE 2: OverviewPof the editing dataset.
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1600

start
sketch:sketch_1(origin=(-0.75, -0.75, 0.00),
nermal=(0.0000, 0.0000, 1.0000}))

start
sketch:sketch_1(origin=(-0.75, -0.75, 0.00),
normal=(0.0000, 0.0000, 1.0000}
circle:circle 1(center=(1.4526,1.4526), radius=0.0158) circle:circle_T(center=(1.4526,1.4526), radius=0.0158) 1400
sketchisketch_2(origin=(-0.75, -0.75, 0.00), Parameter sketch:sketch_2{origin=(-0.75, -0.75, 0.00),
normal=(0.0000, 0.0000, 1.0000)) Modification normal=(0.0000, 0.0000, 1.00003 1200
circlescircle_2(center=(1.4526,1.4526), radius=0.0058) circlezcircle 2{center=(1.4526,1.4526), radius=0.0058)

loopiloop_2lentities=lcircle_2]) ) | oopiloop Zentities=loircle 2)
extrudezextrude_2(entity=sketch_2, length1=0.04, extrude:extrude_2(entity=sketch_2, length1=0.02,
length2=-0.00, direction=(0.00, 0.00, 1.00), length2=-0.00, direction= (0.00, 0.00, 1.00), 1000
‘operation_type= AddFeatureOperation) operation_type= AddFeatureOperation)
end end
Original LLM4CAD-DSL Script Edited LLM4CAD-DSL Script 800
600
400
Original CAD Model Edited CAD Model 200
(a) Example of parameter modification.

deleted line=1 deleted line=2 deleted line=3 deleted line=4 deleted line=5

Count

°

[ art

e 16,0000, om0, FIGURE 3: The distribution of deleted line counts.

0.0000, 1.0000})
circle:circle_1{center=(0,0), radius=0.0158)
loop:loop_1{entities=[circle_1])
extrude:extrude_1{entity=sketch_1, length1=0.05, length2=-
0.00, direction= (0.00, 0.00, 1.00), operation_type= start
AddFeatureOperation) sketchisketch_1(origin=(-0.0, -0.0, 0.00), normal=(0.0000, /- — - ~
setvar face_1=facelextrude_1:top_cap()) Operation 0.0000, 1.0000)) You are a CAD editing assistant.
c!mmfer:c!\amferj(enﬂlies:[lacej],distance1:0‘01‘ Deletion fa'flﬁ:.lmif;(.ﬁ?;::éﬁl rwa;iuvﬂmﬁﬂ) You are given:
:L:(az:lc::se_::.:g(gngm:(—o‘0,—O_0,0_OOJ,ngrmal:(O_Ooooy — ewnulde::;uuaej{enuw=sk’emnj‘\engm1=n‘05. - cad_image_original
0.0000, 1.0000}) length2=-0. i]!lfliru:mm= (0.00, 0.00, 1.00), - cad_dsL_orig\ nal
circle:circle_2(center=(0.0, 0.0), radius=0.0358) operation_type= AddFeatureOperation) ) )
circle:circle_3(center=(0,1.2526), radius=0.01) setvarface_1=facelextrude_1:top_cap()) - cad_image_edited
D!’!amler'cﬁamferj[5r\(ilies=[|aca,l],distam:al=ﬂﬂ1‘ - Cad_dsL_edited
33;dd?::‘-;:::ig(;gf‘(‘)y;;t(?fsgﬂzé:r:ag«‘w:.‘: ?yﬁilsng{hz: i Slnsd‘a”ce“lm] Your task is to generate editing instructions that transform the original CAD model into the edited
AddFeatureOperation) - CAD model.Generate instructions at THREE levels:
end / 1. Parameter-Level Instructions
Original LLM4CAD-DSL Script Edited LLMACAD-DSL Script _ Compare DSL differences.

- Only describe parameter changes (dimensions, numeric values, angles, radii, constraints).

- If no parameter changes, DO NOT output this section.

2. Operation-Level Instructions

- Compare modeling operations (extrude, cut, fillet, chamfer, boolean, sketch edits).

- Ifno operation changes, DO NOT output this section.

Original CAD Model Edited CAD Model 3. Functional-Level Instruction (MANDATORY)

- Explain the high-level design objective behind the modification.

(b) Example of operation deletion. - Descr\_be \.Nhat p_roblem this cha_nge s_olves or what requirement it satisfies.- Avoid mentioning
specific dimensions or geometric edits.

- Focus onthe intended functional outcome (e.g., improve fit, reduce material usage, increase

. . . strength, allow compatibility, enhance stability, optimize performance).
FIGURE 2: Two types of data augmentation applied to the Retar 1o thio format:
LLM4CAD_DSL dataset Parameter-Level Instruction:- ...
: Operation-Level Instruction:- ...
Functional-Level Instruction:- ...

A vy
the generated editing instructions. As illustrated in Table 2, each FIGURE 4: System prompt used for instruction generation.
editing pair consists of an editing instruction and two CAD data
points: an original data point and an edited data point. More
specifically, each pair consists of the following elements: 4 Experiment

4.1 Experimental Setup

* an editing instruction, structured into three levels of design, Based on the editing dataset constructed in Section 3.3.3,
* the original DSL script, we fine-tune Qwen3-32B for instruction-guided CAD editing.
* the rendered image of the original CAD model, During training, each editing instruction is treated as an inde-
* the original CAD model, pendent instance. Although the constructed dataset is inherently
* the edited DSL script, multimodal and includes rendered images and 3D CAD models,
* the rendered image of the edited CAD model, the current study focuses on a purely text-based editing setting.
¢ the edited CAD model. Each training sample consists of a triplet: an editing instruction
(at a specific intent level), the original DSL script, and the target
Importantly, the dataset is inherently multimodal, as each edited DSL script. Visual information is not used during training
editing pair contains DSL scripts, rendered images, and CAD or inference. This design allows us to isolate and evaluate the
models. This design makes the dataset suitable not only for text- capability of large language models to perform structured CAD
based instruction-following, but also for future research on mul- editing through symbolic program reasoning alone, without re-
timodal CAD editing, such as image-conditioned editing, vision- lying on visual grounding signals. The resulting dataset contains

language instruction grounding, and multimodal CAD genera- 32,139 training samples and 3,000 testing samples.
tion. We fine-tune Qwen3-32B using LoRA [9] adapters applied
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/ \ —  Qwen-VL-32B | — _Roundall edges of the cube using a fillet

<Original DSL> '

Orignal CAD image

<Edited DSL>
Edited CAD image
. ~/

User Input

\‘

Parameter-Level

-Add a 0.09 radius fillet to all six faces of the
cube.

-Replace three circular extrusions with
pockets of depth 0.75.

Operation-Level

operation.

-Convert the circular features from material

addition to internal cavities (pockets).

Functional-Level

-Improve ergonomics and safety by rounding

sharp edges for better handling.

-Create internal cutouts for weight reduction
\and assembly integration. j

Three-level of editing
instruction

FIGURE 5: Pipeline for editing instruction generation.
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FIGURE 6: Distribution of the editing dataset across three levels
of design intent.

to the projection and feed-forward layers (rank 16, a = 32,
dropout = 0.05), with gradient checkpointing enabled to reduce
memory consumption. Training is conducted on eight NVIDIA
A100-80GB GPUs for 19.7 hours, using a maximum sequence
length of 2048, a per-device batch size of 2, and a cosine learn-
ing rate schedule with a peak learning rate of 1 x 10~ over three
epochs. The final model and tokenizer are saved for downstream
evaluation.

4.2 Metrics

During inference, the fine-tuned LLM takes an editing in-
struction and the original DSL script as input, and generates the
edited DSL script as output. An overview of this process is il-

lustrated in Figure 7. The CAD renderings shown in the figure
are provided for illustration purposes only and are not used by
the model during inference. We evaluate the performance of the
model using the following metrics.

Parsing Rate. Parsing rate measures the proportion of gen-
erated DSL scripts that can be successfully parsed into exe-
cutable CAD models. Since LLM4CAD-DSL is a newly intro-
duced DSL that the base model has not been exposed to during
pretraining, this metric reflects whether the fine-tuned model has
learned the syntax and structural rules of the DSL. A high parsing
rate is also important for practical usability, as only syntactically
valid scripts can be executed to produce CAD models.

Intersection-over-Union (IoU). For successfully parsed
scripts, we compute the Intersection-over-Union (IoU) between
the generated CAD model and the ground-truth CAD model to
evaluate geometric accuracy. However, for high-level functional
instructions that do not explicitly specify parameters, multiple
valid designs may satisfy the same instruction. In such cases,
IoU becomes a strict metric and may underestimate the quality
of the generated edits.

Editing Distance. Editing distance measures the difference
between the generated operation sequence and the ground-truth
operation sequence in the DSL scripts. For instructions that do
not involve numerical parameters, correctness of the operation
sequence largely determines whether the generated CAD model
aligns with the intended target design. When the operation se-
quence is correct, users can easily adjust numerical parameters in
the DSL script with minimal effort. In this work, editing distance
is computed using a dynamic programming (DP) algorithm [18]
that finds the minimum number of insertions, deletions, and sub-
stitutions required to transform the generated sequence into the
ground-truth sequence.

LLM-Assisted Evaluation. Because high-level functional
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Edited LLM4CAD-DSL Script

Evaluation Metrics

FIGURE 7: Evaluation process of LLM4CAD-Editor.

instructions may admit multiple valid solutions, automatic met-
rics such as IoU cannot fully capture instruction adherence. To
address this limitation, we adopt an LLM-assisted evaluation
strategy for functional-level edits. Specifically, we use Llama-
3.2-11B-Vision-Instruct [19] as an evaluator that receives the
editing instruction, the rendered image of the original CAD
model, and the rendered image of the edited CAD model. The
evaluator rates the edit on a scale from 1 (worst) to 5 (best) based
on how well the edited design satisfies the functional require-
ments described in the instruction, with emphasis on functional-
ity, logical design, and compliance with the instruction. In addi-
tion to the score, the evaluator also provides a brief explanation
for the rating. The system and user prompts used for this evalua-
tion are shown in Figure 8.

5 Results
5.1 Parsing Rate Results

Figure 9 presents the average parsing rate for each instruc-
tion level. Among the three levels, parameter-level instructions
achieve the highest parsing rate at 96.3%, followed by operation-
level instructions at 93.3%. Functional-level instructions obtain
a parsing rate of 90.9%, which is slightly lower but still remains
above 90%.

The consistently high parsing rates across all instruction lev-
els indicate that the fine-tuned model has successfully learned
the syntax and structural conventions of LLM4CAD-DSL, in-
cluding the naming rules used for selecting geometric entities.
Notably, during inference we do not provide any in-context ex-
amples demonstrating the DSL syntax. The model must directly
modify the original script and generate valid DSL programs on
its own.

These results demonstrate that the model can reliably pro-
duce syntactically valid CAD DSL scripts, which is essential for
practical deployment. A high parsing rate ensures that the gen-
erated outputs can be executed by the downstream CAD pipeline
without requiring additional manual correction.

5.2 loU Results

Figure 10 shows the IoU results for three levels of editing
instructions. The parameter-level instructions achieve the highest
IoU score of 0.935, followed by the operation-level instructions
with 0.871, while the functional-level instructions reach 0.708.

The high IoU score for the parameter level indicates that the
model can accurately edit the CAD DSL script when detailed in-
structions are provided. The performance of the operation level
is lower because, although some instructions mention the opera-
tion name, they do not provide detailed numerical parameters for
the desired CAD model. This ambiguity leads to a decrease in
the IoU score.

The decreasing IoU across the three levels suggests that
increased ambiguity in the instructions negatively affects the
editing accuracy. However, it should be noted that for high-
level instructions, the IoU metric may be overly strict. Over-
all, these results indicate that the model performs reliably when
precise editing instructions are provided, while higher-level and
more abstract instructions introduce ambiguity that makes ac-
curate geometric editing more challenging. Statistical analy-
sis shows that the parameter-level IoU is significantly higher
than the functional-level score (p=0.014), and the operation-level
IoU is also significantly higher than the functional-level score
(p=0.025, paired t-test).
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System Prompt

s ~
You are an expert CAD evaluator.
Input:
- Instruction: describes the intended functional change or improvement.
- Driginal CAD image: before editing.
- Edited CAD imagea: after editing.
Task:
- Assess how well the Edited CAD achieves the functional gcals in the
Instructicn.
- Focus on functionality, logical design, and compliance with the instruction.
Cutput:
1. Ascore from 1 to 5:
1 =does not address the functional requirement
2 = partially addresses it, largely incomplete or ineffective
3 =mostly addresses it, minor issues
4 = fully addresses it, minor imperfections
5 = fully addresses it, design is logical, efficient, high-guality
2. A short reason explaining your score.
Format the output exactly like this:
Rating: <integer 1-5=
Reason: <brief explanation=

Y o

User Prompt

Instruction: {instruction}

The first image is the Original CAD model (before editing).
The second image is the Edited CAD model (after editing).

Please evaluate the edit and provide your rating and reason.

FIGURE 8: The system prompt and user prompt for LLM-
Assisted Evaluation.

5.3 Editing Distance Results

Figure 11 presents the average editing distance for each in-
struction level. Parameter-level instructions achieve the lowest
editing distance of 0.176, followed by operation-level instruc-
tions with 0.579, while functional-level instructions have a sub-
stantially higher editing distance of 2.859.

The low editing distances for parameter-level and operation-
level instructions indicate that the generated DSL scripts are al-
ready very close to the ground-truth edits. In many cases, the
editing distance is below 1, meaning that users would need to
modify fewer than one line of code on average to obtain the cor-
rect script. This suggests that the model can accurately reproduce
the intended operation sequence and parameters for low-level
editing tasks. Statistical analysis shows that the editing distances
for both parameter-level and operation-level instructions are sig-
nificantly smaller than those for functional-level instructions (p
<0.05, paired t-test).

In contrast, functional-level instructions exhibit a signifi-
cantly larger editing distance. This is expected because func-
tional instructions express high-level and abstract design intents,
which may correspond to multiple valid operation sequences. As
a result, evaluating such edits solely based on the exact operation

10

100% 4

96.3%
93.3% 90.9%

80% o

60% -

Average Parsing Rate

20% 4

0% -

Parameter Operation

Instruction level

Functional

FIGURE 9: The average parsing rate for each instruction level.

1.2 1

0.708

Average loU

Functional

Parameter

Operation
Instruction Level

FIGURE 10: The average IoU results for each instruction level.

sequence becomes more challenging and may underestimate the
quality of the generated designs.

Figure 12 further analyzes editing distance with respect to
task complexity. In this study, we measure editing complexity by
the number of lines changed between the original and ground-
truth DSL scripts. As shown in the figure, the average editing
distance increases as the editing complexity grows. This trend
indicates that tasks requiring more extensive modifications are
inherently more difficult for the model to reproduce exactly.

Overall, these results demonstrate that the model performs
very well on low-level editing tasks, where the intended modifi-
cations are explicit and localized. In these cases, editing distance
provides a reliable measure of correctness, and the low values in-
dicate that the generated DSL scripts closely match the ground-
truth edits. For high-level functional instructions, however, the
intended design change is more abstract and may correspond to
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FIGURE 12: The editing distance by complexity level.

multiple valid operation sequences. As a result, evaluating such
edits solely based on editing distance may not fully reflect their
quality. To better assess the effectiveness of functional-level ed-
its, we further conduct an LLM-assisted evaluation.

5.4 LLM-Assisted Evaluation Results

Since high-level functional instructions cannot be fully eval-
uated using automatic metrics, we adopt an LLM-assisted evalu-
ation method to assess the quality of functional-level editing re-
sults. The rating scale ranges from 1 to 5, where 1 indicates that
the generated edit fails to address the functional requirement, and
5 indicates that the edited design fully satisfies the instruction
with a logical and high-quality solution. Ratings of 4 and 5 cor-
respond to edits that successfully achieve the intended functional
change, with only minor imperfections in some cases.

Figure 13 shows the rating distribution of the generated ed-
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-+
o
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Rating

1.5% 1.2%

FIGURE 13: The rating distribution for LLM-assisted evaluation.

its. The majority of edits (82.0%) receive the highest rating of 5,
while 14.0% receive a rating of 4. Only 4% of the results obtain a
rating below 4. Overall, the average rating across all functional-
level edits is 4.375, reflecting consistently high-quality outputs.

These results indicate that the fine-tuned LLM is able to
effectively follow high-level functional instructions and gener-
ate designs that satisfy the intended functional goals in most
cases. Combined with the strong performance on low-level edit-
ing tasks reported in the previous sections, the model demon-
strates promising capability for instruction-guided CAD editing
across different levels of design intent. For examples of qualita-
tive results, see Appendix A.

6 Discussion
6.1 Intent-Aware CAD Editing

The experimental results highlight the importance of de-
sign intent representation in instruction-guided CAD editing.
Our study organizes editing instructions into three levels of
design intent—parameter-level, operation-level, and functional-
level—which correspond to different levels of abstraction in de-
sign reasoning. The results show a clear relationship between the
granularity of design intent and the difficulty of the editing task.

For parameter-level instructions, the editing intent is explicit
and localized. These tasks typically involve modifying numer-
ical parameters associated with existing geometric operations,
such as extrusion height or hole radius. Because the required
modification is clearly specified, the model achieves the highest
performance across parsing rate, IoU, and editing distance.

For operation-level instructions, the model must identify the
appropriate location and context in which to apply a specified
geometric operation. Although the operation type is provided
in the instruction, the model still needs to reason about entity
selection and procedural dependencies within the CAD program.
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As a result, these tasks require a deeper understanding of the
modeling sequence compared to parameter-level edits.

In contrast, functional-level instructions express high-level
design goals rather than explicit modeling operations. To satisfy
such instructions, the model must infer a sequence of geomet-
ric modifications that achieves the intended functional objective.
Because multiple valid editing strategies may exist, traditional
automatic metrics may underestimate the quality of the gener-
ated designs. The strong results from LLM-assisted evaluation
indicate that the model can successfully translate high-level de-
sign intent into plausible CAD modifications in most cases.

This trend is consistent with broader findings in applied
LLM research, where ambiguous or underspecified user instruc-
tions have been shown to reduce model reliability and increase
the need for clarification or additional context. For example,
CLAMBER reports that current LLMs have limited practical
ability to identify and clarify ambiguous user queries [20], while
AmbigNLG shows that instruction ambiguity can degrade gen-
eration quality and that resolving ambiguity improves align-
ment with user expectations [21]. In the CAD domain, CA-
Dialogue similarly observes that semantically complex prompts
benefit from additional visual input and human-in-the-loop re-
finement [3]. Therefore, the lower automatic scores observed for
functional-level CAD editing should be interpreted as part of a
broader challenge in human-LLM interaction, rather than as a
limitation unique to the specific model used in this work.

These findings suggest a paradigm of intent-aware CAD
editing, where CAD systems interpret user instructions at dif-
ferent levels of design abstraction and generate appropriate mod-
eling operations accordingly. Such a framework can enable more
natural interaction between users and CAD systems, allowing
both expert designers and non-expert users to modify complex
models using high-level design intents rather than low-level geo-
metric commands.

6.2 Comparison of CAD Representations

To further evaluate the advantages of LLM4CAD-DSL for
editing tasks, we compare it with a commonly used Python-based
CAD representation in the literature, CadQuery [13].

A key structural difference between the two representations
lies in how geometric entities are referenced and preserved dur-
ing editing. In LLM4CAD-DSL, downstream features can re-
main valid even when parameters of earlier operations are modi-
fied due to the feature-level entity selection mechanism. For ex-
ample, as illustrated in Figure 17, when changing the revolve an-
gle, the chamfer feature on the top face is preserved because the
chamfer operation explicitly references the face using the sym-
bolic name revolve_l.top_cap (). As a result, modifica-
tions to upstream parameters do not necessarily require rewriting
subsequent operations. In contrast, Python-based CAD represen-
tations such as CadQuery often rely on coordinate-based selec-
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FIGURE 14: Experimental setup for comparing editing support
between LLM4CAD-DSL and the Python-based CadQuery rep-
resentation.
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FIGURE 15: Parsing rate comparison between LLM4CAD-DSL
and CadQuery under instruction-guided editing.

tions. When earlier operations are modified, the spatial configu-
ration of the geometry may change, and downstream features that
depend on explicit coordinates may need to be recomputed or re-
defined. Therefore, modifying earlier operations can invalidate
downstream feature definitions or require substantial manual ad-
justments.

For LLM4CAD-DSL, we sample scripts from the
LLM4CAD-DSL dataset. For CadQuery, we use the CAD-Coder
dataset [22], which contains CadQuery scripts derived from the
DeepCAD dataset. We randomly sample 3,000 scripts from each
dataset for evaluation. It should be noted that the geometries in
the two datasets are not identical. LLM4CAD-DSL contains a
wider range of operations, including revolve, fillet, chamfer, and
pocket features, while the CAD-Coder dataset mainly consists
of sketches followed by extrusion operations.

To ensure a fair comparison, we select 20 general edit-
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ing instructions that can be applied to arbitrary CAD mod-
els. The full list of editing instructions is provided in Ap-
pendix B. For the LLM4CAD-DSL representation, we use the
fine-tuned LLM4CAD-Editor model. Fine-tuning is necessary
because LLM4CAD-DSL is a newly introduced domain-specific
language that does not appear in the pretraining corpus of the
base LLM. Without fine-tuning, the model would not have prior
knowledge of the DSL syntax or entity selection mechanisms.
For CadQuery, we directly use the pretrained Qwen3-32B model
without additional fine-tuning. This choice reflects the fact that
CadQuery is implemented in Python, which is widely repre-
sented in the LLM’s pretraining data. As a result, the base model
already possesses substantial prior knowledge of Python syntax
and programming patterns, making it possible to generate Cad-
Query scripts without task-specific fine-tuning. For each script
in the testing set, we randomly sample one editing instruction
and ask the model to generate the edited script. We then measure
the parsing rate of the generated scripts as an indicator of editing
robustness.

Figure 15 presents the parsing rate comparison.
LLM4CAD-DSL achieves a parsing rate of 82.5%, signifi-
cantly outperforming CadQuery, which achieves 58.4%. This
result suggests that the structured geometry entity selection
mechanism in LLM4CAD-DSL makes the representation more
robust for instruction-guided editing. In contrast, Python-based
CAD scripts often rely on explicit 3D coordinate computations
or tightly coupled procedural dependencies. When modifications
are introduced, these dependencies can easily be broken, leading
to invalid scripts or geometry generation failures. Overall,
the results demonstrate that DSL-based CAD representations
with explicit geometric references provide stronger support for
reliable CAD editing with large language models.

6.2.1 Comparison of Qualitative Results Since
the LLM4CAD-DSL and CAD-Coder datasets contain different
geometries, direct side-by-side comparison is challenging. To
enable a fair qualitative evaluation, we use simple block shapes
as input to test both LLM4CAD-DSL and CadQuery. Figure 16
presents the qualitative evaluation results. In the first two exam-
ples, both LLM4CAD-DSL and CadQuery successfully generate
a cylindrical feature on the top surface and apply a fillet to the
corresponding top edges. For simple geometric selection tasks in
CadQuery, the LLM can rely on built-in selector strings such as
>7 to identify edges on the top surface.

However, when more complex selection is required, as il-
lustrated in the third example, the limitations become evident.
The LLM attempts to construct an auxiliary bounding box to
isolate vertical edges, but the generated box is smaller than
the actual block, resulting in an empty selection set and a sub-
sequent runtime error. In contrast, within LLM4CAD-DSL,
edges can be referenced directly through symbolic feature lin-
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FIGURE 16: Qualitative comparison between LLM4CAD-DSL
and CadQuery

eage (e.g., extrude_l (ridge (sketch_l:vertex.1))),
thereby avoiding the need for explicit geometric computations
or spatial heuristics.

In the fourth example, the LLM using LLM4CAD-DSL suc-
cessfully produces a hollow structure via a pocket operation.
When generating CadQuery code, however, the LLM applies the
.shell (-thickness) operation without correctly selecting
the top face. As a result, all faces are implicitly considered, pre-
venting the creation of a valid hollow region in the output CAD
model.

In the fifth example, both LLM4CAD-DSL and CadQuery
generate a cone positioned above the block, but the cone remains
detached from the base geometry. This occurs because the tri-
angular sketch is created on a newly defined vertical workplane
rather than being anchored to an existing face of the solid. While
the instruction specifies revolving a triangular sketch around the
central vertical axis to form a conical top, it leaves the spatial
reference for sketch placement underspecified. As a result, in-
terpreting the instruction requires inferring an appropriate spa-
tial reference in three-dimensional space. This example demon-
strates that, although LLM generally follows the intended high-
level design intent, precision in 3D geometric reasoning—such
as spatial grounding and feature alignment—can be challenging
when instructions do not explicitly define all spatial constraints.

Overall, these qualitative results reveal a fundamental dif-
ference between symbolic and geometry-driven CAD genera-
tion paradigms. While CadQuery requires the LLM to rea-
son about spatial relationships, topology traversal, and kernel-
specific feature semantics, LLM4CAD-DSL provides structured
abstractions that allow entities to be referenced through fea-
ture history rather than geometric inference. As task complex-
ity increases, this distinction becomes more pronounced, with
geometry-based code generation exhibiting higher sensitivity to
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selection ambiguity, incorrect workplane grounding, and feature
mis-specification. These observations suggest that improving
symbolic grounding and feature-level referencing is critical for
scaling LLM-based CAD generation to more complex design
scenarios.

7 Limitations and Future Work

Despite encouraging results, this study has several limita-
tions. First, the editing dataset is constructed through a data
augmentation strategy that removes operations from existing pro-
grams to form source—target DSL pairs. By swapping the orig-
inal and edited programs, the dataset implicitly includes feature
addition tasks. However, this construction process does not ad-
equately capture more complex editing scenarios that simulta-
neously require both addition and deletion of geometric features
(e.g., replacing a cylindrical feature with a prismatic one). As a
result, the current benchmark may underestimate the difficulty of
realistic CAD editing workflows.

Second, our evaluation focuses primarily on one-step edit-
ing tasks. In practical design settings, CAD modeling is in-
herently iterative, involving long construction sequences with
many variables, symbolic references, and dependent operations.
As CAD programs grow longer, LLM-based editors may face a
long-context dependency-tracking challenge: previously defined
variables, feature names, and symbolic entity references must be
retrieved and used consistently when later operations depend on
earlier modeling steps. This concern is related to the findings of
LoCoBench [23], which shows that long-context software engi-
neering requires not only code generation, but also dependency
traversal, cross-file reasoning, and multi-session memory reten-
tion across large codebases. In CAD editing, analogous failures
may appear as forgotten feature references, inconsistent reuse
of symbolic variables, or broken downstream operations, espe-
cially for complex designs such as metamaterial structures with
repeated local patterns and long-range dependencies. However,
our current evaluation does not examine the stability and per-
formance of large language models under continuous editing-
chain scenarios where instructions are provided incrementally
over multiple steps.

Future work can address these limitations in several direc-
tions. One promising direction is to construct more realistic
editing benchmarks that include composite editing instructions
involving both feature addition and deletion, such as feature
replacement, topology restructuring, and constraint-preserving
modifications. Such tasks would better reflect practical CAD
editing scenarios where design intent evolves through structural
changes rather than isolated feature insertions.

Another important direction is to investigate iterative and
long-context CAD editing, where a sequence of editing instruc-
tions is issued over time and each modification depends on the
evolving geometric state of the model. Studying this setting
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would enable a more comprehensive evaluation of whether large
language models can maintain stable performance, preserve de-
sign consistency, and correctly track feature dependencies, vari-
ables, and symbolic references across long editing trajectories.

Furthermore, future research may explore integrating
geometry-aware verification mechanisms or feedback from CAD
kernels to improve the robustness of generated editing programs.
Such approaches could help detect infeasible operations, reduce
topology-related failures, and better align generated edits with
real-world design and manufacturability constraints.

8 Conclusion

This work presents LLM4CAD-Editor, an intent-aware
framework for instruction-guided CAD editing that bridges
high-level design intent and low-level parametric modeling
operations. By leveraging the structured representation of
LLM4CAD-DSL, the proposed approach enables large language
models to perform precise and robust modifications through sym-
bolic entity referencing and feature-level reasoning.

To support training and evaluation, we construct a mul-
timodal CAD editing dataset using DSL-based data augmen-
tation and vision—language instruction synthesis. Experimen-
tal results show that the fine-tuned model achieves high pars-
ing rates and strong geometric accuracy for parameter-level and
operation-level editing tasks. For functional-level instructions,
LLM-assisted evaluation demonstrates that the model can effec-
tively infer appropriate geometric modifications to satisfy ab-
stract design goals. Comparative experiments further reveal that
DSL-based representations provide substantially improved edit-
ing robustness compared with Python-based CAD scripting ap-
proaches.

Overall, the findings suggest that reliable LLM-based CAD
editing requires not only program synthesis capability but also
structured representations that enable stable geometric ground-
ing and intent-aware reasoning. The proposed framework pro-
vides a practical step toward more flexible and intelligent CAD
systems that can support iterative design workflows and accom-
modate diverse user expertise levels. Future work will explore
more realistic multi-step editing scenarios, richer composite edit-
ing operations, and geometry-aware verification mechanisms to
further enhance the robustness and applicability of LLM-driven
CAD editing.
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Appendix
A Qualitative Assessment of Editing Task
A.1 Parameter-Level Results

Figure 17 presents qualitative examples of parameter-level
editing tasks. The subfigures illustrate several representative
modifications, including changing the extrusion height, pocket
depth, revolve angle, and circle radius in the sketch. These exam-
ples demonstrate that the fine-tuned editing model can accurately
locate the relevant parameters in the DSL script and modify them
correctly according to the user instruction.

This capability is further supported by the high parsing
rate and IoU scores reported in Figure 9 and Figure 10. To-
gether, these results indicate that the model can reliably handle
parameter-level instructions while preserving the overall struc-
ture of the CAD program.

Parameter-level editing serves as a fundamental capability
for CAD modification tasks, as it requires the model to precisely
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identify and update numerical values associated with geometric
operations. The strong performance observed in these examples
suggests that the model has successfully learned to perform lo-
calized parameter adjustments within the DSL scripts.

&o *®

Reduce the cylinder height by half.

Increase the pocket depth to 0.3.

‘lo ..

Set the revolve angle to 80°.

Increase the disk radius by 50%.

FIGURE 17: Examples of parameter-level editing tasks. In each
subfigure, the left image shows the original CAD model, the right
image displays the edited CAD model, and the text below pro-
vides the editing instruction.

A.2 Operation-Level Results

Figure 18 presents qualitative results for operation-level
editing tasks. In operation-level instructions, the editing request
typically specifies the type of geometric operation to be applied,
such as chamfer, fillet, or extrusion, and may also include numer-
ical parameters associated with the operation.

As shown in the examples, the model can successfully per-
form a variety of editing operations, including adding chamfers,
fillets, holes, and prism features. These results demonstrate that
the fine-tuned model is capable of identifying the relevant opera-
tions in the DSL script and generating the appropriate modifica-
tions to achieve the intended edit. Notably, the model can handle
both addition-based edits and deletion-based edits, as illustrated
in the last example of Figure 18. This ability indicates that the
model can flexibly modify the procedural structure of the CAD
program rather than only adjusting existing parameters.

Operation-level instructions represent a middle level of de-
sign intent and are commonly used in real-world CAD editing
workflows, where designers specify concrete geometric opera-
tions to modify the model. The qualitative results suggest that
the model can effectively interpret and execute such instructions
within the DSL editing framework.
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oLl 2

[Apply a chamfer operation with a 5 mm distance to ] [Create four cylindrical features by extruding ]

the top edges of the component’s upper surface. circle sketches from the four corners of the
plate.

®© 0 "N

[Add a hexagonal through-hole at the center of the

Remaove the features generated by the operations

disk using a cut-through extrusion. ] [ extrude_2 and extrude_3 from the model. ]

FIGURE 18: Examples of operation-level editing tasks.

A.3 Functional-Level Results

Figure 19 presents qualitative examples of functional-level
editing tasks. As a high-level form of design intent, functional
instructions describe the objective of the modification (e.g., “im-
prove manufacturability”) rather than specifying explicit opera-
tions or numerical parameters.

For example, in the second case, the instruction aims to
reduce the weight of the component by transforming the solid
structure into a hollow one. The fine-tuned model successfully
introduces a disk-shaped hollow feature inside the component
while preserving the external geometry, demonstrating its abil-
ity to infer appropriate editing operations from abstract design
goals.

After fine-tuning with high-level instructions, the model is
able to interpret functional requests such as improving manufac-
turability, adding mounting interfaces, or introducing cut features
at appropriate locations. This capability enables the system to
translate high-level design intentions into concrete CAD modi-
fications, which can be particularly helpful for non-expert users
who may not be familiar with specific CAD operations or param-
eters.

EE NN

‘Add chamfers to the edges of the E-shaped feature
to improve manufacturability. By reducing sharp
edges, the design becomes easier to machine and
less prone to stress concentration.

A oW ™,

Introduces a mounting plate to the component so ’

Transforms the solid component into a hollow
structure in order to reduce its overall weight. By
removing unnecessary internal material while
maintaining the outer shape.

Apply an extruded cut to the plate using the circular
sketch to create a semicircular mating surface that
sits flush against a pipe or tube.

that the component can be securely attached to a
flat surface.

FIGURE 19: Examples of functional-level editing tasks.
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A.4 Lower-Quality Results

Figure 20 presents several examples of lower-quality edit-
ing results. These cases receive LLM-assisted ratings of 1 or 2,
indicating that the generated edits fail to adequately satisfy the
intended functional requirement. Through qualitative analysis,
we observe two common sources of errors: over-editing and in-
correct geometric reasoning.

The first issue is over-editing, where the model performs un-
necessary or excessive modifications. For example, in the first
case, when instructed to add a cylinder beside the existing one,
the model generates several cylinders instead of a single feature.
Similarly, in the third example, when asked to improve manu-
facturability, the model introduces a groove operation rather than
using simpler operations such as chamfer or fillet. This modifi-
cation results in a more complex surface geometry that does not
effectively improve manufacturability.

The second issue is inaccurate geometric reasoning during
feature construction. In the second example, when instructed to
add a perpendicular cylinder to form a pipe-like connection, the
model correctly generates a perpendicular cylinder and aligns the
axes of the two features. However, the resulting geometry con-
tains a break in the final CAD model because the model does not
properly account for the cylinder radius during the connection.
In the fourth example, when asked to add holes to the plate, the
model places the hole center on the plate boundary, resulting in
a semi-circular hole instead of a valid circular opening.

Overall, these lower-quality cases highlight the remaining
challenges in instruction-guided CAD editing. While the model
can often interpret high-level editing intents, it may struggle with
precise geometric reasoning and constraint awareness, partic-
ularly when multiple geometric relationships must be satisfied
simultaneously. Addressing these limitations may require im-
proved geometric constraint modeling or additional training data
that emphasizes spatial reasoning in CAD operations.

8P (o~

Add a cylindrical feature perpendicular to the
existing one, forming a pipe-like connection
between them.

TE S

Modify the component to improve its Create two holes in the plate using a cut-
manufacturability. through operation.

Add a small cylindrical feature beside the current
component using an extrusion operation.

FIGURE 20: Examples of lower-quality cases.
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B General Editing Instructions for Comparison Ex-
periment
The following are 20 example instructions from our editing
dataset:

1. Extrude a small circular profile 10mm from the top center to
create a boss.
2. Create a rectangular pocket on the front face with a depth of
Smm.
3. Revolve a triangular sketch around the central vertical axis
to add a conical top.
4. Apply a 3mm fillet to the intersection edge between the
cylinder and the base.
5. Add a 45-degree chamfer to all four vertical edges of the
main block.
6. Extrude a circle through the entire body to create a clear
passage.
7. Use the revolve tool to cut a semi-circular groove around the
outer surface.
8. Create a hexagonal pocket on the side face that stops
halfway through the part.
9. Fillet all sharp external corners of the model to a radius of
2mm.
10. Use a pocket operation with a draft angle to create a sloping
interior cavity.
11. Add a feature on the top surface that can serve as a mounting
pillar for a PCB.
12. Remove material from the center of the part to make it
lighter while keeping the frame.
13. Round off all sharp edges of the model so it is safe for a user
to grip.
14. Create an opening at each corner of the base to allow for M6
bolt installation.
15. Add a smooth transition at the base joint to reduce stress
concentration.
16. Add a cylindrical support to the bottom to increase the part’s
height.
17. Create a semi-circular groove on the side for a finger to rest
in.
18. Round the inner edge of the top hole to make it easier to
insert a pin.
19. Hollow out the block from the top face to reduce material
usage.
. Create a flat, recessed area on the bottom so the part sits
stable.
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