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Abstract

Design for Additive Manufacturing tools apply predefined geometric checks, while dimen-
sional limits require experimental validation for specific alloys, machines, and process settings.
Engineers often interpret their applicability and manually coordinate assessment, redesign, and
simulation. Large language models alone cannot reliably provide precise geometric measurements.
This paper introduces AgenticDfAM, which coordinates reasoning agents and tools to revise de-
signs and their assessment and construction procedures. Tools retain authority over numerical
evidence. The feature-recognition and measurement tools were developed and benchmarked
against reference geometries. Scripted agent replies were used to test validation of communi-
cation between agentic stages, error handling, and recovery. Invalid inter-agent messages were
rejected by semantic validators. Across computational case studies, three redesign strategies re-
move all reference violations while exposing material and distortion tradeoffs. Thermal feedback
lowers a part’s predicted layer-scale peak temperature by 160 °C. In a support design experiment,
support above an intended contact surface was identified by a reviewer and corrected by the agent
after diagnosis of the construction code. The correction was verified on curved and flat targets
and reused in four autonomous clamp runs, with returns to support construction reduced from
ten to five. The workflow investigates issues beyond prescribed checks while retaining verifiable
engineering evidence.

Keywords: Large-Language-Models, Design for additive manufacturing, Agentic artificial intelli-

gence, Geometric reasoning, Computer-aided design, Process-informed redesign

Highlights

• AgenticDfAM adapts designs and the procedures used to assess and construct them

• Geometric measurements ground agent reasoning in verifiable numerical evidence

• Manufacturing guidance is translated into executable, rechecked design changes

• Process feedback guides redesign across material, thermal, and distortion tradeoffs

• Agent-directed investigations extend assessment beyond the initial rule catalog

1 Introduction

Design for additive manufacturing (DfAM) is used to relate manufacturing requirements to part
geometry, build orientation and support [1–4]. In metal additive manufacturing (AM), limits on
wall thickness, overhang angle and unsupported span are established for particular alloys, machines
and process settings [3, 4]. Their applicability must therefore be checked before they are transferred
to another manufacturing setup [4]. Assessment requires both a geometric measurement and an
interpretation of the experimental conditions supporting its limit. When new guidance becomes
available, the rule set and the procedures used to apply it must also be updated.
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Substantial steps of DfAM assessment and redesign have been automated. Geometry is assessed
against manufacturing guidance through geometric screening, feature recognition and knowledge-
based systems [5–8]. Support demand has been reduced by mesh deformation [9], horizontal holes
have been converted into teardrops [10], parametric surfaces have been optimized under AM con-
straints [11], and predicted distortion has been compensated through geometric changes [12]. Part
geometry, build orientation and support layout have also been optimized together [13], with tran-
sient thermoelastic models used for support design [14]. In these approaches, the assessment and
redesign are defined by the selected rules, objectives and constraints (Fig. 1a).

When separate design, assessment and simulation tools are combined, applicable guidance must
be selected, geometry and results transferred, and redesigns reassessed. These tasks are often coordi-
nated by engineers [1, 5, 10, 12]. The engineering judgment extends beyond a pass or fail: removal of
a geometric violation can increase material use or change thermal and mechanical response [1, 13, 14].
An adaptive DfAM workflow must therefore connect measurements to their applicability and to the
consequences of a proposed change. When the available checks do not resolve a concern, further
analysis or revision of the assessment or construction procedure may be required.

Geometrical features and manufacturability have been predicted using learning models (Fig. 1b)
[15–18], and learned labels have been combined with measured computer-aided design (CAD) at-
tributes in hybrid approaches [19]. Technical guidance and visual geometry can also be interpreted
using large language models, although errors in rule retrieval, dimensional interpretation, and fea-
ture recognition have been documented [20, 21]. These findings motivate explicit verification of
language-model judgments. Precise geometric measurements and numerical comparisons should be
obtained through executable tools, with their inputs and results retained for review. A model can
propose a dimension or identify a concern, while the corresponding measurement must establish the
numerical evidence.

Agentic workflows have been developed in which reasoning, tool use and revision are interleaved
in response to observations [22] (Fig. 1c). For DfAM, this provides a route to connect guidance
interpretation, geometric measurement, executable redesign and process feedback within an engi-
neering task. The question addressed here is whether these capabilities can be combined so that
manufacturing assessments and design alternatives are revised through agent reasoning grounded in
accurate geometric and computational evidence. Both the design and the procedures used to assess
or construct it can then be adapted, while the numerical basis of each engineering decision remains
open to verification.

This paper introduces AgenticDfAM, an adaptive engineering workflow in which accurate geo-
metric measurement is coupled with agent reasoning to direct manufacturing assessment and mul-
ticriteria redesign informed by published manufacturing guidance and process simulations (Fig. 2).
Guidance is interpreted by agents, geometric quantities and rule comparisons are computed by devel-
oped tools, and proposed changes are executed and rechecked on CAD solids. Assessment, redesign
and process simulation are connected by stage review, with further analyses or procedural correc-
tions requested when the returned evidence requires them. Submissions are validated for record
structure, rule and geometry references, measurement coverage and permitted redesign parame-
ters. Geometric compliance, material use, predicted maximum temperature and build distortion
are considered together when alternatives are evaluated. Reasoning can therefore direct changes to
geometry and to the procedures used to assess and construct it, with the supporting measurements
and computational results retained for inspection.
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a Conventional DfAM tools b Machine learning models c AgenticDfAM

CAD + predefined rules

DfAM checks and
build preparation

Flagged geometric issues
Build orientation and supports

User-selected criteria and settings

CAD model Labeled training data

Supervised CAD model

Predicted face labels

Images Requirements

Multimodal LLM

Generated assessment

DfAM task
CAD + guidance
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+ alternatives
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Reasoning and
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checks and solvers

Project files
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simulation outputs

Requests Evidence

Traceable adaptive assessment
and verifiable multicriteria redesigns

Fig. 1. Conventional DfAM tools, machine learning models and AgenticDfAM. (a) Geometric checks are
applied against selected criteria, and build orientation and support structures are prepared or optimized using
specified settings [5, 13]. (b) CAD face labels are predicted by a supervised model [16], while assessments
are generated from images and requirements by a multimodal large language model (LLM) [20]. The dashed
arrow indicates training supervision. (c) Guidance, the rule catalog and run records are interpreted by
LLM agents to select tool requests and review returned evidence [22]. Geometric measurements, numerical
checks, CAD operations and simulations are supplied by developed tools. Assessments and design alternatives
are generated by agents, with returned evidence used to revise designs and the assessment or construction
procedures. Orange arrows indicate requests and agent outputs. Blue arrows indicate returned evidence.
Bidirectional arrows connect the agents with context and the tools with project files. CAD, computer-aided
design.
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Fig. 2. AgenticDfAM workflow. (a) Manufacturing guidelines are converted into a rule catalog by the
Rules Librarian. CAD features are recognized and measured using CAD tools. Feature identification and
measurements are reviewed by the Feature Analyst, and the assessment against DfAM criteria is examined by
the Compliance Reviewer. (b) Build orientation precedes geometric redesign or support construction. Both
routes are supported by shared tools and stage-review interfaces. Thermal and mechanical simulations are
used to inform further redesign and compare alternatives. Engineering assessments and design alternatives
are generated by the agents using numerical evidence from the tools. (c) Stage outputs are reviewed against
task requirements using evidence from developed tools. Unexpected results are investigated, and corrections
are requested and verified.
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2 Methods

2.1 Knowledge representation and agent roles

The IN718 guideline [4] was located and interpreted by the Rules Librarian. A typed catalog of 15
entries spanning ten check types was generated from the paper. Executable numerical limits were
encoded in 13 entries, including the advisory demonstrator thickness. Flow-channel and lattice
recommendations, C1 and L1, were retained as advisory text without executable limits. Applicable
classes, quantity, units, comparison and strictness, severity, source location, supporting passage and
tested envelope were stored for each rule. Each finding was assigned a violation, warning, pass,
advisory or unevaluated status. For measured x and limit xlim, the demand ratio was defined as

D = max

(

xlim

x
,

x

xlim

)

(1)

where a ratio was omitted when its limit was not specified. D > 1 therefore indicates a mea-
surement beyond either limit. Each rule of the reference catalog specified one governing limit, so
D reduced to one of the two ratios. The 80° value stored with A1 marks the steepest tested angle
and was not applied as a limit.

Each verdict was obtained from its recorded inequality. A criterion was not met at D > 1 for a
non-strict limit or D ≥ 1 for a strict limit. D was reported for ranking within each rule and was
not used to assign verdicts or compare manufacturing difficulty across rules. For a lower limit, D
= ∞ was returned when x ≤ 0. Flat downward-facing surfaces at α = 0° were assessed by O1 or
B1. Wall class was assigned from dimensions and end support. Advisory guidance was retained,
and conditions requiring unavailable measurements were reported as unevaluated.

Four primary agent roles were assigned. The rule catalog was prepared by the Rules Librarian.
Recognized features were examined by the Feature Analyst using geometric tools. Checker findings
were assessed by the Compliance Reviewer, and redesign alternatives were proposed by the Design
Reviser. Typed records were exchanged between these roles. Identifiers, required measurements,
review coverage, parameter ranges and distinct executable alternatives were enforced by Pydantic
schemas and semantic checks. Measurement, numerical comparison, CAD execution and rechecking
were reserved for the tools. Applicability, explanations and strategy selection were assigned to the
agents (Supplementary Fig. S9). Changes to applicability were permitted for documented feature
reclassification, support context or a recognized design detail. Severity was recorded separately from
the numerical criterion. The support-volume threshold of 25% was designated as a study warning
for material use. An exceedance of an extrapolated limit could be retained as a warning with its
applicability rationale. When agent judgments were combined with checker findings, the original
values and demand ratios were preserved. Request limits of 8, 40, 40, and 40 were assigned to the
Rules Librarian, Feature Analyst, Compliance Reviewer, and Design Reviser, respectively. Twelve
requests were allowed for each stage reviewer. Three retries were permitted for stream-parsing
failure.

The rule catalog and reviewed features were submitted to the rule checker, and its findings
were assessed by the Compliance Reviewer before redesign alternatives were proposed. Orienta-
tion, redesign, support construction and simulation were assessed against stage catalogs. Only
support-catalog review returned work during the complete clamp runs. The orientation, redesign
and simulation catalogs were applied once after each run and reported their findings without re-
turning work to those stages. For live investigation and saved-design review, geometric queries and
rendered views were made available, and concerns outside the catalog could be submitted with appli-
cability reasons and requested corrections (See Fig. 2). Measurements and numerical comparisons
were computed by tools, and submissions were validated. Published limits, transferred parameters
and study screening thresholds are distinguished in Supplementary Note 3.
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2.2 Geometry and measurements

Geometric evidence for the agents was obtained from the CAD models using developed tools. STEP
models were read as single solids using Open CASCADE through OCP [23]. Distances and surface
parameters were queried from the boundary representation. For views, ray queries, and selected
sampled measurements, a triangulation was generated with 0.05 mm linear and 0.25 rad angular
deflection. For a unit build direction b, vertex set V and point p, the height relative to the part’s
lowest vertex was defined as

h(p) = p · b − min
v∈V

(v · b) (2)

Cylindrical faces were grouped by common axis, radius, and convexity. A complete cylinder was
identified at angular coverage of at least 359°. Horizontal and vertical features were distinguished
by axis angles to the plate of at most 5° and at least 85°, respectively. Through and blind holes
were distinguished using end probes. Tubes were identified from coaxial inner and outer cylinders,
and teardrop holes from cylindrical surfaces with tangent planar roofs. Recognition and sampling
tolerances are given in Supplementary Note 2.1.

Planar face pairs were retained when the dot product of their outward unit normals was below
−0.99999. For these antiparallel faces with centroids ci and cj and outward normal ni, the signed
separation is defined as

s = (cj − ci) · ni (3)

A candidate wall thickness t = -s was assigned for negative s, and a gap g = s for positive s.
Rays were required to pass between the two faces through material or free space, excluding pairs
whose projected regions did not overlap. End probes were used to determine wall support. For a
downward-facing surface, its angle α to the plate was defined as

α = arccos |n · b| (4)

where n is the unit surface normal. Downward-facing surfaces satisfy n · b < 0, and a horizontal
underside is assigned α = 0◦. For a boundary edge e of a flat downskin, support by the neighboring
face G was identified when

zmin(G) < z(e) − ε and nG · din(e) > 0.5 (5)

Here, height is measured along b as z, ε is set to 0.05 mm, and the unit direction into the underside
across the edge is denoted din(e). This criterion identifies the edge from which unsupported reach
is measured. A connection to the build plate was assessed separately through support anchoring.
A bridge was identified from opposed supported edges, and its span was defined as

bs = min
(i,j)

|(mj − mi) · di| (6)

where edge midpoints are denoted mi and mj and the inward direction is denoted di. Candidate
edge pairs were retained when di · dj < −0.99. For other supported configurations, the governing
cantilever reach was defined as

L = max
p∈S

min
e∈E

d(p, e) (7)

where surface samples and vertices are contained in S, supported edges are contained in E, and the
shortest point-to-edge distance is denoted d(p, e). Faces were sampled at 1.5 mm spacing, reduced
to 0.75 mm for faces smaller than 200 mm2, and every triangulation vertex was included. Multiple
supporting edges were included in the reach calculation (Supplementary Fig. S6).

The STL bracket was stitched into a faceted solid. Coplanar faces were merged, and cylindrical
regions were reconstructed before recognition. For remaining curved downskins, the angle of the
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flattest substantial facet was used. Chamfers and fillets were classified separately and were excluded
from the initial feature catalog because no rule was assigned to them. In the clamp study, downward-
facing surfaces were also checked independently of feature labels, so geometry outside a rule-bearing
feature could be examined.

2.3 Redesign and verification

Six initial operator families were implemented for teardrop-hole cuts, pitched bridge roofs, ribs,
downskin filling or trimming, wall thickening and tube thickening (Supplementary Table S14). For
a circular bore of radius r and tangent roof angle θ measured from the build plate, the apex rise
above the original crown was defined as

∆h = r(
1

cos θ
− 1) (8)

The hole-roof angle was capped at 70° because the rise in Eq. (8) diverges as θ approaches 90°.
For a triangular rib extending a horizontal reach R from a wall to a feature at height h, its inclined
lower edge descended toward the wall at angle φ to the build plate. The rib-wall intersection height
was defined as

hattach = h − R tan φ (9)

Material below the lower rib-wall intersection was required in the supporting wall unless the rib
reached the plate. For a plane steepened to θ across the vertical interval ztop − zbot, the horizontal
reach is defined as

aθ =
ztop − zbot

tan θ
(10)

Geometric feasibility was checked using these relations before Boolean execution. Clearances of
0.5 mm above roofs and 0.2 mm beside wall changes were required. A valid single solid was required
after each operation. Before the next change, the geometry was recognized again and the target
was relocated by type and position, because face identifiers could be changed by Boolean operations.
Wall and tube changes were applied first, followed by ribs, downskins, bridge roofs and hole roofs.
Each submitted alternative was executed in preview and rechecked with the original catalog.

Three strategies were generated by the analytical-artifact planner: local changes with principal-
envelope retention in V1, additional treatment of warnings that could be addressed geometrically
in V2, and material removal by trimming in V3. Each alternative was executed, recognized again
and checked against the reference catalog. Simulation-informed bracket changes were generated by
the agent in the coding-agent environment. Local stress and thermal concentrations were used to
identify candidate changes, and common process settings were used to compare their geometric,
material and simulated consequences. Functional equivalence was not tested.

Clamp supports were constructed from a target envelope, 0.2 mm grid walls and contact teeth,
with part material subtracted. An initial grid hatching of 1.625 mm was adopted from the reported
block-support study [24]. Tooth height, top length, base length and spacing were set to 0.4, 0.7, 1.0
and 0.3 mm following the tooth parameters of IN625 as the closest available material resource to
IN718 [25]. Support-grid spans under SUP-G1 were sampled at 0.15 mm during construction and
on the exported design. Permitted parameters were revised in the support loop using measured
unsupported spans. Additional computation or operator revision could be requested for a concern
outside the catalog. In the demonstrated correction, each surface triangle selected as requiring
support was swept from its actual position to the plate. The effects were verified with a flat-
target control, a cylindrical-target comparison, complete directional reruns and review of the saved
geometry (Supplementary Notes 8.2 and 8.3).
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2.4 Numerical process simulations

Layerwise build simulations were performed with Ansys Additive and Mechanical APDL 2025 R2.
IN718 was simulated at 280 W laser power, 1000 mm/s scan speed, 95 µm hatch distance, 60 µm
deposited-layer thickness, and 20 °C plate temperature [4]. Documented software defaults were used
for beam diameter and stripe settings. Elastic-plastic mechanics with bilinear isotropic hardening
were driven by the vendor machine-learning thermal-strain model. A generic machine definition
was used for the analytical artifact because its approximately 315 mm envelope exceeded the build
area of the guideline machine. Mechanical voxel sizes were set to 1.5 mm for the analytical artifact,
0.5 mm for the bracket and 1 mm for the clamp. The clamp support wall thickness was one-fifth
of the 1 mm voxel size, so clamp displacement fields were treated as exploratory predictions. The
support correction was assessed separately through CAD measurements (Supplementary Note 8.2).
Fields were read from solver results and mapped to model coordinates. Maximum displacement
and the 95th percentile of absolute surface-normal deviation were reported among the dimensional
measures.

For the transient thermal analysis, temperature-dependent material properties, an absorptivity
of 0.5, and a convection coefficient of 12.5 W/(m2K) were used. Absorptivities of 0.3 and 0.7
were also evaluated [26]. Thermal concentrations were identified using a relative peak-temperature
criterion adapted from prior work [27, 28], together with a section-reduction criterion specific to this
implementation. The normalization and geometric criteria are specified in Supplementary Note 7.
These temperatures were interpreted as part-scale heat accumulation. Surface-normal deviation was
obtained by projecting surface displacements onto each design’s undeformed CAD normals. Model
settings, mechanical fields, dimensional measures and thermal sensitivity calculations are given in
Supplementary Notes 6.2, 6.3, 6.4 and 7.

2.5 Evaluation and execution provenance

Four geometries were evaluated: a purpose-designed analytical artifact, CMU bracket [29], NIST
artifact [30] and a clamp model obtained from GrabCAD [31]. The IN718 reference catalog was
applied to all four. Analytical-artifact measurements were compared with a separate STEP-entity
parser. The NIST reference key was prepared from published dimensions and STEP parameters
with language-model assistance and author review, separately from the recognizer. After the initial
comparison, two entries were corrected for a rounded base area and a missing wall limit. No verdict
was changed by either correction. Measurement agreement was assessed at resolutions of 0.001 mm,
0.001° or 0.001 mm2. Measurement agreement and feature context were assessed in the geometric
comparisons. In the adaptive support experiment, one defect was followed through investigation,
diagnosis, code correction, a flat-target regression control, and four complete directional reruns.
Reuse of the same correction was assessed in those runs.

The rule checker and redesign planner were used for the early geometric benchmarks, catalog com-
parisons and initial artifact redesigns. For protocol controls, scripted model replies were substituted
while the orchestrator, tools, validation and combination of findings were retained.

During the support investigation, the defect was identified, geometric queries were selected, the
construction code was diagnosed and the operator was corrected by the agent without author guid-
ance. The correction was locally verified before four autonomous runs were performed, from STEP
input to simulated alternatives, with no human intervention during execution. Support-catalog
review was applied during the runs. The orientation, redesign and simulation catalogs were applied
once after each run for reporting. Language-model review was subsequently applied to the saved
support designs by the Support Reviewer, using geometric queries, rendered views and documented
applicability reasons. Measurement, numerical comparison, CAD execution and submission valida-
tion were supplied by developed tools (Supplementary Notes 5.3, 8.2 and 8.3). Claude Opus 5 was
used for the computational tasks identified above. The implementation was executed on Windows
11 with an Intel Core Ultra 9 285K processor, 192 GB memory and an NVIDIA GeForce RTX 5090.
Python [32], OCP [33], VTK [34], NumPy [35] , Matplotlib [36] , and Pydantic [37] were used.
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3 Results

3.1 Validation of feature recognition and geometric measurements

The feature-recognition and measurement tools were evaluated on the National Institute of Stan-
dards and Technology (NIST) additive manufacturing test artifact [30] (Fig. 3). A reference key
was prepared from the published geometry with language-model assistance and author review, sepa-
rately from the recognizer. Seventy of the 71 features specified in the NIST drawing and included in
the benchmark were recognized. Eighteen features present in the STEP geometry but not separately
specified in the drawing were also included in the reference key. These comprised 17 walls, gaps and
thin skins in the first fine-feature set and one contact region between the base and build plate. All
18 were recognized. Agreement with the reference values was obtained for all 226 quantities at the
reporting resolution. However, the central through bore was not recognized as a separate feature.
The central through bore, 10 mm in diameter and 17 mm long, was not assigned a separate feature
record because its cylindrical surface was paired with a coaxial outer surface as a 3 mm-high tube.
Six walls were also classified differently in terms of end support. No catalog verdict was changed
by these limitations, because no binding vertical-hole rule was assigned to the bore and the same
thickness limit was applied to the walls.

To compare the feature recognizer against an existing learned method, the NIST artifact was pro-
cessed with BRepNet [16], a neural network that operates directly on the boundary representation
(B-rep) of a CAD model, the set of faces, edges and vertices that a STEP file stores. BRepNet passes
information between neighbouring faces and edges and, in the pretrained model released with the
Fusion 360 Gallery segmentation dataset, assigns each face one of eight modeling-operation classes,
such as extrude side, cut end, fillet or chamfer. These labels describe how a face was created in the
CAD history, not what it means for printing. BRepNet does not group faces into DfAM features
such as holes, thin walls or overhangs, and it has no notion of build direction, so its output could not
be scored with the feature-level accuracy used for our recognizer, and no common accuracy score
is reported (Supplementary Note 1.4). The reference key for the artifact was compiled within this
study from the published NIST drawing.

A purpose-designed analytical artifact was used to examine support conditions as well as mea-
surement agreement. Holes, thin walls, slots, a tube and inclined and horizontal overhangs were
included in its 40 analytic faces. Eighteen features were recognized, and all 24 dimensional and an-
gular comparisons agreed with values obtained using a separately implemented STEP-entity parser
at resolutions of 0.001 mm and 0.001°. With the positive CAD Y axis used as the build direction,
38 findings were produced, including 11 violations and five warnings. The horizontal cantilever was
supported along two adjacent edges. Its governing unsupported reach was measured as 40 mm to
the nearest supporting edge, whereas a 50 mm projection would have been obtained from one edge
alone. Support context was thus required to identify the quantity to which the limit was applied
(Supplementary Notes 1.2 and 2.2).

Faceted geometry was also assessed using CMU bracket [29] that consists of a base, a central
web with four openings and a cylindrical boss (Supplementary Fig. S13). Fifty-three features were
recognized after reconstruction of its 5,038 triangles. Under the reference catalog, no violation and
one roughness warning were obtained. Fourteen regions were flagged by a facet screen using the
same limits. Of these, 13 were associated with chamfers, blends or walls accepted or excluded under
the feature-based policy. The difference was attributed to feature context and rule assignment.
Whether the identified features would cause a build failure was not established (Supplementary
Note 1.3).

Orientation was also found to affect the analytical-artifact assessment. Eleven violations were
recorded at a build height of 110 mm in +Y, compared with three violations at 70 mm in either
+Z or −Z. Features were assessed relative to the plate in each direction, so compliance could not be
assigned to the geometry independently of orientation (Supplementary Note 1.5).
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Fig. 3. Feature recognition on the NIST additive manufacturing artifact [30]. (a) Published geometry and
recognized feature groups. (b) Reference entries by group and assessment status. The central through hole
was not recognized separately because its bore surfaces were grouped with a coaxial tube. (c) Lateral features
and their rule findings. (d) Fine-feature sets of slots, bosses, pins and holes. The reference correspondence
and recognition limitations are documented in Supplementary Note 1.1.

3.2 Sensitivity of manufacturing judgments to guideline interpretation

DfAM guidance must be interpreted against the manufacturing process and the requirements of
the intended product. A successful build alone does not establish compliance with dimensional,
surface-finish or performance requirements. In the IN718 guideline [4], inclined walls were fully built
down to 25°, although substantially greater downskin roughness was measured at smaller inclination
angles. Surface-finish advice may therefore remain a recommendation for one application but become
binding when incorporated into the requirements of another. Requirements may be imposed through
contracts following AWS D20.1/D20.1M [38] and MIL-STD-31000C [39]. For applicable spaceflight
AM processes, NASA-STD-6030 requires surface texture and detail resolution acceptance criteria to
be defined as part of material process qualification [40]. Sensitivity to guideline interpretation was
examined by holding geometry and measured quantities fixed while changing how recommendations
and experimental limits were encoded. The resulting differences indicate which manufacturing
judgments depend on those interpretations.

Manufacturing judgments were examined separately from geometric measurement. An IN718
laser powder bed fusion guideline [4] was located and interpreted by the Rules Librarian. Fifteen
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catalog entries spanning ten check types were generated. The source passage, applicable feature
classes, units, comparison convention, and tested conditions were retained for each entry. Measured
quantities were compared with the encoded criteria, with findings assigned violation, warning, pass,
advisory, or unevaluated status. The interpretation connecting a published statement to an exe-
cutable criterion was therefore available for inspection (Supplementary Note 3). Small walls 15 mm
high and 10 mm long and large walls 30 mm high and 25 mm long were tested in the guideline [4].
Minimum thicknesses of 0.30 and 0.60 mm were specified for these two classes, respectively.

The effect of interpretation was assessed by applying four documented policies to unchanged
geometry and measured values (see Fig. 4). Selected recommendations and advisory limits were
made binding under the strict policy and relaxed under the permissive policy. Under the envelope
policy, the large-wall thickness limit was applied as a violation to walls longer than the small test
sample, rather than as a warning under the reference policy. The original analytical artifact, CMU
bracket and NIST artifact were included, together with three analytical-artifact redesigns: V1,
envelope retention, V2, warning treatment, and V3, material removal. On the original artifact,
6 to 17 violations were obtained, compared with 11 under the reference policy. On the three
redesigns, all reference violations were removed, but 3 to 9 violations were obtained under the strict
policy. The differences followed from the treatment of recommendations, experimental limits and
dimensions beyond the tested specimens. Compliance was therefore conditional on the documented
interpretation as well as the measured geometry. These alternatives were prescribed policies, rather
than repeated language-model extractions (Supplementary Note 4).

Fig. 4. Sensitivity to guideline interpretation on unchanged geometry. Four documented policies were
applied to the same geometry and measurements. Selected recommendations were made binding under the
strict policy and relaxed under the permissive policy, and the large-wall thickness limit was applied as a
violation under the envelope policy. (a) Violations for each part. The black tick marks the count under the
reference policy, and arrows show the count under the strict, permissive, and envelope policies. An open circle
marks a policy that gives the same count as the reference. The grey band marks compliance. (b) Warnings,
shown in the same way. (c) Feature verdicts changed against the reference policy, by feature kind, summed
over the six parts. Verdicts made stricter are drawn to the right and relaxed verdicts to the left. Inclined
surfaces accounted for 20 of the 38 changes under the strict policy and 20 of the 28 under the permissive
policy. The analytical-artifact redesigns are V1, envelope retention, V2, warning treatment, and V3, material
removal. Policy definitions are given in Supplementary Note 4.

3.3 Validation of inter-agent communication

The use of verified measurements in an agentic workflow also depends on the validity of inter-agent
communication. Typed records were exchanged through the Rules Librarian, Feature Analyst,
Compliance Reviewer and Design Reviser interfaces. Record structure was enforced by schemas,
while rule and geometry references, required measurements and proposed changes were checked
for semantic consistency. Invalid messages and attempts to alter numerical evidence were tested
separately.
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In a protocol test, eight deliberately invalid calls or submissions were included among 17 requests
and 20 tool calls (Fig. 5). Each invalid item was rejected, and the sequence was completed after
corrected responses were supplied. Rule definitions, feature and face references, review coverage,
redesign parameters and retention of a targeted violation were tested. When a Compliance Reviewer
request was declined in a separate control, the checker findings were returned with 11 violations and
five warnings intact. Validation, feedback, and recovery were demonstrated with scripted replies.

A bridge with a measured span of 10 mm and a 3 mm limit was used to test whether agent
messages could override a violation identified by the checker. A pass without an admissible appli-
cability reason was submitted in one message, and an altered span was submitted in another. Both
messages were rejected. After an admissible review was combined with the checker findings, all 38
numerical values and demand ratios were preserved. On the 40-face analytical artifact, recognition
was completed in 348 ± 3 ms and rule checking in 0.26 ± 0.01 ms over ten repetitions. These
timings covered tool execution, with model latency excluded.

Fig. 5. Scripted test of inter-agent communication and tool execution times. (a) Requests made through
the four agent interfaces in the scripted protocol test on the analytical artifact, in order from left to right.
Seventeen requests and 20 tool calls were made, and eight deliberately invalid calls or submissions were
included. Each box is coloured by what was returned to the agent. Numbered boxes contain an injected
fault, numbered as in Supplementary Table S13. Each fault was returned as an error, and the sequence was
completed after corrected responses were supplied. (b) Execution times for the tools and report generation,
given as mean ± standard deviation next to each point. Ten runs were used, except for report generation,
for which three runs were used. Model latency is excluded.

3.4 Geometric redesign and material tradeoffs

Three redesign strategies were applied to the analytical artifact using the developed planner, with
targets set by the geometric criteria derived from [4]. The design alternatives are shown in Fig. 6.
Six operator families were available for hole roofs, bridge roofs, ribs, downskins, walls and tubes.
Local changes were made while the principal envelope was retained in V1. Additional warnings that
could be addressed geometrically were treated in V2. Material was removed from selected shallow
overhangs in V3. Eleven, 13 and 11 operations were applied, respectively. Valid single solids were
obtained, and all 11 violations were removed on re-recognition and rechecking, with nine, one and
nine warnings retained. Volume was increased by 28.0% in V1 and 54.0% in V2, but reduced
by 15.2% in V3. Compliance with the same reference rules was therefore obtained with different
material and envelope consequences (Supplementary Note 6.1).

3.5 Dimensional consequences of redesign

Different dimensional outcomes were predicted for the three redesigns with no reference-catalog
violations (Fig. 7). Maximum displacement after plate release was reduced from 4.84 mm for the
original to 3.02, 2.01 and 2.67 mm for V1, V2 and V3, respectively. The smallest displacement
was obtained for V2, in which the most material had been added. A different comparison was
obtained from displacement projected onto each design’s undeformed CAD surface normals. In V3,
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Fig. 6. Redesign strategies and geometric rechecking. (a-d) Original analytical artifact and V1 to V3,
viewed from below. The principal envelope was retained in V1, additional warnings that could be addressed
geometrically were treated in V2, and material was removed from selected shallow overhangs in V3. Added
material, faces exposed by removal and unchanged faces are distinguished by colour. (e,f) Sections through
the rear and front halves, with all four design outlines. (g) Block detail with teardrop holes and a pitched
channel roof. All 11 reference violations were removed in each redesign. Remaining warnings and dimensional
changes are reported in Supplementary Note 6.1.

the 95th percentile of absolute surface-normal deviation was increased from 488 to 537 µm, despite
the reduction in maximum displacement. Material savings and shortening of the part were thus
accompanied by poorer performance in this dimensional measure. Envelope changes, bore diameters
and roundness were also evaluated (Supplementary Notes 6.2 and 6.3). Improvement could not be
inferred from maximum displacement alone.

3.6 Process-informed thermo-mechanical redesign

The CMU bracket had no reference-catalog violation, but local stress and plastic-strain concentra-
tions were predicted at the pointed apexes of its web openings and at the web foot, where the web
joined the base plate. Three mechanical design alternatives were generated by the agent using this
process feedback. The opening apexes and web foot were rounded in S1, the exposed top face of
the base was raised by 2 mm in S2, and both changes were combined in S3. In S1, the yielded
fraction near the apexes after release was reduced from 5.6% to 1.6%, while maximum whole-part
displacement was increased from 0.33 to 0.39 mm. Local strain relief was therefore obtained at the

13



Fig. 7. Simulated displacement and dimensional deviation of the analytical-artifact redesigns. (a) Maximum
displacement after release. The 95th percentile of displacement magnitude is marked in white. (b) The 95th
percentile of absolute surface-normal deviation and its maximum divided by ten. (c) Cumulative distributions
of absolute surface-normal deviation. Common process settings were used for the original and V1 to V3.

expense of greater global displacement. A geometric rule check alone would not have established
this tradeoff (Supplementary Note 6.4).

A separate thermal analysis revealed heat accumulation above the web openings and in the
waisted boss, where conduction paths were restricted (See Fig. 8). Accumulation began near 20 mm
build height across the absorptivity sensitivity calculations, although absolute temperatures were
changed. Four thermal alternatives were generated by the agent and evaluated by simulation. The
boss waist was filled to form a straight cylinder in T1. That change was combined with steeper
opening roofs in T3 and raised opening floors in T4. Two openings were closed in T2, which was
retained only as a reference because features were removed. During reanalysis of an intermediate T3
design, a thermal concentration remained above another opening, prompting a further roof revision.
In final T3, the predicted layer-scale peak was reduced from 537 to 377 °C with all four openings
retained and 11.1% volume added. Released displacement was increased from 0.33 to 0.37 mm.
The same thermal peak was obtained in T4, but a larger released displacement of 0.40 mm was
predicted. Thermal improvement was therefore assessed together with material addition, opening
geometry and mechanical response (Supplementary Note 7).

3.7 Adaptive support construction through agentic review

Support structures are unavoidable in some cases when geometric redesign is not permitted and
the part must be manufactured as designed [4, 25]. The workflow was therefore extended with
support design as an alternative to geometric redesign. A clamp model obtained from GrabCAD
[31] was used to evaluate this extension, with the original part geometry retained in the supported
alternatives. The clamp comprised a split clamping eye and a second boss joined by a web. Its
STEP model had a 134 × 80 × 50 mm envelope.

In the initial +Z orientation, five unsupported reaches of 12.45 to 80 mm were identified against
the 1 mm horizontal-overhang limit [4]. The addition of triangular ribs beneath the overhangs was
evaluated as a geometric remedy. Each rib would have become part of the clamp, with its lower end
attached to existing material. However, the adjacent walls ended 11.92 to 15.00 mm above the build
plate, leaving no material at the proposed lower attachment locations. The ribs could therefore not
be added. No geometric modification was applied in this orientation. A separate coverage limitation
was identified during author review: only 34.1% of the downward-facing area was included in the
feature-rule checks. Surface checks were therefore added so that downward-facing regions outside
the recognized feature classes could also be assessed. Six axis-aligned build directions were screened
with these checks, and surfaces still requiring support were identified (Supplementary Note 8.1).

Support geometry was generated for the identified surfaces while the original clamp geometry
was retained. Block supports were generated from a grid of 0.2 mm walls and contact teeth, with
an initial grid spacing of 1.625 mm [24, 25]. In the initial +Z design, 41,615 mm3 of support was
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Fig. 8. Thermal analysis and bracket redesign. (a) Peak-temperature field of the original bracket. (b)
Critical regions defined relative to the largest peak, with the two overheating clusters named beside the part.
(c-f) Peak-temperature fields for T1, the straight boss, T2, the straight boss with openings 3 and 4 closed,
T3, the straight boss with steeper opening roofs, and T4, the straight boss with raised opening floors. T2
removes two features and was retained only as a reference. A common color scale is used for a and c-f. (g-i)
Sections through the web of T2, T3 and T4, with the material each design adds to the openings shaded. (j)
Section area below the hot cluster, whose height range is shaded. (k) Maximum end-of-scan temperature
against build height.

generated before the support catalog existed, and no support criterion was evaluated (Supplementary
Fig. S21). However, material was placed beneath steep regions of curved faces that did not require
support under the angle criterion. Across the curved targets, 53.5% to 70.6% of each projected
footprint lay beneath these regions. The excess material was retained in this initial output.

The coverage limitation and excess support prompted the addition of an Orientation Reviewer,
Redesign Reviewer, Support Reviewer and Simulation Reviewer for the respective stage outputs
(Fig. 2). The workflow was restarted on the clamp in +Y, −Y, +Z and −X. Only support-catalog
review returned work during execution. The other three catalogs were applied after each run for
reporting. Grid spacing was reduced in response to measured unsupported spans, and disconnected
support pieces were removed. Despite these corrections, support still extended above the curved
surface it was intended to carry. The reviewer interfaces were subsequently extended with geometric
queries, rendered views and a field for concerns outside the catalogs, so that additional conditions
could be investigated (Supplementary Notes 5.3 and 8.2).
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The saved designs were then examined by live language-model reviewers. Point classification and
rays along the build direction were requested by the Support Reviewer to determine whether part
material was present above points inside the support. In +Z, 1,596 mm3, or 3.05% of the support
volume, was estimated to have no part surface above it. A sample of 600,000 points was drawn
uniformly from the support bounding box and classified against the support solid. Total support
volume was reproduced within 0.4% using the same sample. Support wrapping over the crown of the
clamping cylinder was identified by this volumetric test, although the projected-footprint criterion
had been satisfied.

The defect was traced to the support-envelope code. Selected surface triangles were projected
onto the plate and extruded to the highest vertex of their parent face, discarding their local height.
On the outer cylindrical target in +Z, the selected triangles reached only 4.7 mm above the plate,
whereas the parent face reached 50.0 mm. Support was consequently generated above the intended
contact surface. The code was diagnosed and revised by the agent without author guidance during
those steps. Each selected triangle was instead swept from its actual position to the plate. In a
local comparison, support volume for the cylindrical target was reduced from 24,854 to 1,314 mm3.
The flat-target volume was retained at 1,617 mm3, providing a regression control for a surface on
which the original height calculation was valid (Fig. 9a and Supplementary Note 8.2).

After local verification, the complete workflow was restarted in the same four build directions
with the corrected operator and no human intervention during execution. Support-catalog review
was applied during the runs. The other catalogs were applied after run completion, followed by live
review of the saved support designs. In +Z, total support volume was reduced from 52,191 to 36,719
mm3, or 29.6%, and the fraction with no part above it was reduced from 3.05% to 0.02% (Fig. 9b,c).
The +Z design was subsequently rejected because its exported flat unsupported span of 1.20 mm
exceeded the 1 mm limit. The 52,191 mm3 baseline was the later catalog-based design, rather than
the initial 41,615 mm3 output. Across the four directions, returns to support construction were
reduced from ten to five (Fig. 9d). Reuse of the correction was demonstrated on one clamp in four
orientations (Supplementary Note 8.3).

The four supported clamp designs were evaluated by process simulation to estimate distortion
after release from the build plate. A mechanical mesh with 1 mm voxels was used, while the
support walls were 0.2 mm thick. Individual support walls could not be resolved by this mesh,
so the predicted displacements were treated as preliminary estimates. Maximum displacements of
0.830, 1.015, 0.779 and 0.970 mm were predicted for +Y, −Y, +Z and −X, respectively (Fig. 9i-l).

In +Z, the unsupported span increased from 1.00 mm on the in-loop solid to 1.20 mm on the
exported geometry, although both checks used 0.15 mm sampling. The operation responsible for
this discrepancy remained unresolved. The exported measurement exceeded the 1 mm limit, and
the design was rejected. This discrepancy demonstrates the need to recheck the saved geometry
before assigning an acceptance decision. In −X, a span of 1.12 mm was measured only on curved
surfaces. That alternative was retained with a warning because the flat-overhang limit had been
extrapolated to curved geometry. Three alternatives were accepted with warnings and +Z was
rejected in the support-stage review. Surface checks still identified powder-contact violations below
25° in all four designs. In −X, an orientation-comparison violation also remained because +Y and
−Y were dominating alternatives under ORI-C1.

For the AgenticDfAM evaluation, a material-use warning was assigned when support volume
exceeded 25% of part volume. The −X alternative required support equal to 39.8% of part volume
and was retained with this warning. The support-tooth dimensions were taken from experiments
on IN625 [25] and used in the clamp simulations. Support removability was not evaluated. An
applicability warning was also retained because the contact-tooth dimensions had been adopted
from a different material, without experimental validation on IN718 (Supplementary Note 8.3).
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Fig. 9. Verification of the corrected support operator, supported clamp designs and predicted displacement
after plate release. (a) Test of the corrected operator on two single faces before it was reused in the complete
runs. On a flat underside, where the original operator was already correct, the support volume was unchanged
at 1,617 mm3. On a curved underside, where the defect occurred, it was reduced from 24,854 to 1,314 mm3.
(b,c) The +Z design before and after the envelope correction, viewed from one camera. Support triangles
whose centroid lies above the highest part surface at the same plan position are shown in crimson. Before the
correction, a slab of support rested on the crown of the horizontal tube, and 3.05% of the support volume had
no part above it. After the correction, this fraction was 0.02%, and in −X it was reduced from 0.31% to zero.
(d) Number of times the support reviewer rejected a support design and sent it back to support construction
for another attempt, in each of the four complete reruns. The total was reduced from ten to five. (e-h) Final
part and support geometries, viewed from below in the +Y, −Y, +Z and −X build frames, with the support
volume before and after the correction. (i-l) Displacement magnitude after plate release on a common color
scale, with the support from which each part was released ghosted in orange. Maximum values of 0.830,
1.015, 0.779 and 0.970 mm were predicted. The pre-correction −X simulation exceeded its eight-hour budget.
The corrected reruns used the final support catalog. The lowest maximum displacement was predicted for
+Z, but on review of the exported +Z geometry a flat unsupported span of 1.20 mm was measured against
the applicable 1 mm limit, and the design was rejected. The fields were treated as exploratory predictions
because 0.2 mm support walls were not resolved by the 1 mm mechanical voxels. Pitches, measured spans
and recorded support-stage decisions are given in Supplementary Tables S21 and S22.
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4 Discussion

AgenticDfAM connects accurate geometric measurement with reasoning about manufacturing guid-
ance, design alternatives and process response. The resulting engineering capability is the revision
of a design together with the investigations and construction procedures used to assess and construct
it. In the architecture of Fig. 1, analyses and redesign actions are selected by agents, while geomet-
ric quantities, rule comparisons and CAD operations are supplied by tools. Reasoning is thereby
connected to executable changes, and engineering judgments remain tied to numerical evidence.
Adaptation can be directed at the geometry, the interpretation of a criterion or the procedure used
to construct a candidate design.

Accurate measurements provide the numerical basis for reasoning, while feature context and
source applicability determine how those measurements should be judged. Agreement with reference
dimensions coexisted with limitations in bore recognition and wall-support classification. Different
compliance judgments were also obtained from unchanged geometry when recommendations and
experimental limits were interpreted differently. Assessment therefore had to connect the measured
feature to the conditions supporting the guideline and the requirements of the intended product.
Retaining the measurement and its applicability rationale together allows an engineering judgment
to be examined or revised without altering the numerical evidence.

The redesign cases demonstrate why reasoning must extend beyond violation removal. Alterna-
tives satisfying the same geometric criteria incurred different material and dimensional consequences.
Process feedback also enabled changes beyond those triggered by the geometric catalog: the bracket
satisfied the reference rules, yet predicted stress and thermal concentrations were used by the agent
to develop further alternatives. Reanalysis prompted an additional roof revision when a thermal
concentration remained. Local yielding and heat accumulation were reduced in the predictions,
while displacement after plate release increased. Iterative redesign could thus be directed by pro-
cess evidence even when geometric checks had been passed. Selection must still be tied to product
requirements because geometric compliance and feature retention do not establish functional equiv-
alence.

Procedural adaptation was demonstrated in support construction, where an unexpected geomet-
ric outcome was identified despite satisfaction of the available support checks. Additional volumetric
queries requested by the Support Reviewer exposed support above its intended contact surface, and
the construction code was diagnosed and corrected by the agent. Verification on a curved target
and a flat control established the intended geometric effect before reuse. The projected-footprint
criterion was passed before and after the correction. The investigation therefore changed how a
design was constructed while retaining the numerical evidence used to assess it.

5 Conclusions

AgenticDfAM advances DfAM by making the workflow itself adaptable. Design guidance, geometric
recognition and measurements, as well as process-informed feedback are connected through reason-
ing agents that direct executable CAD, analysis, support generation, and redesign tools. Assessment
can be extended when prescribed checks are insufficient, additional evidence can be requested, and
both designs and construction procedures can be revised. Geometric measurements and numerical
checks are performed by the developed Python tools, while the results are interpreted by the agents
to guide assessment, redesign and further investigation.

This capability was demonstrated across geometric assessment, redesign and process simulation.
Agreement with the NIST reference geometric quantities at the reporting resolution established
the measurement basis. Three CAD redesign strategies removed the analytical artifact’s reference
violations while exposing different material and distortion consequences. For the CMU bracket,
process evidence was interpreted by the agent to generate and refine alternatives, reducing the
predicted layer-scale peak temperature by 160 °C while material addition and released displacement
were assessed together. Adaptation extended to the construction code when additional geometric
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queries enabled a support-generation procedure to be diagnosed, corrected and verified before reuse
across four build orientations.

The broader contribution is a framework through which manufacturing knowledge can be trans-
lated into engineering actions and returned evidence can reshape those actions. New concerns
can be investigated beyond the initial rule catalog, and the procedures used to produce a design
can themselves become subjects of engineering revision. AgenticDfAM thus provides a foundation
for expanding DfAM automation through reasoning grounded in accurate measurement, with the
evidence behind each design and procedural change retained for inspection and verification.
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