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Abstract

Generating metamodel-conforming instance models is a recurring
task in Model-Driven Engineering (MDE), yet it remains tedious and
tool-bound: instances are serialized as verbose, deeply nested XMI
that today’s large language models (LLMs) cannot reliably produce
or edit. We present AMIGO, a general, harness-agnostic architec-
ture for agentic instance model generation. Instead of letting the
LLM emit XMI, an LLM agent expresses modeling intent through a
small set of schema-typed query, manage, and validate tools that
a metamodel-aware server exposes over the Model Context Proto-
col (MCP). The server executes every operation deterministically
and persists a conforming instance, and the agent uses constraint
feedback from instance model validation to self-correct. We demon-
strate AMIGO through a ready-to-use instantiation for the Palladio
Component Model (PCM): the PCM-MCP server, driven by an LLM
agent, turns natural language specifications into a PCM instance
that opens in the Palladio Bench. On two microservice systems
(Corona-Warn-App and TeaStore), the agent generation produces
OCL-valid instances in 596 of 600 runs across three open-weight
LLMs, with structures approaching references (per-view Jaccard up
to 0.96). AMIGO shows MCP is a viable integration layer between
standard agent harnesses and MDE tooling.
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1 Introduction

Producing instance models which conform to their metamodels is a
recurring, labor-intensive task. An engineer must translate infor-
mal design knowledge (e.g., natural-language descriptions, UML
sketches, deployment notes) into a structurally valid model inside
a dedicated workbench. Therefore, the task of producing instance
models naturally lends itself to the strengths of LLM agents [3, 17].
However, conforming instance models are typically persisted as
XMI in EMF-based tooling, and the verbosity and deep nesting
of XMI cannot yet be generated or edited by LLM agents with
any degree of reliability [14]. For example, cross-references are
opaque identifiers, a single misplaced one breaks the whole file,
and long serializations exceed the context budget within which
LLMs can reliably reason [8]. On the other hand, agent harnesses
like Claude Code and GitHub Copilot excel at working with tools
exposed through schema-typed interfaces. Here, the de-facto stan-
dard is the Model Context Protocol (MCP). So far, however, MCP
has only been proposed as a promising direction for modeling: A
vision with a proof of concept rather than a realized, evaluated
server that exposes a metamodel [6]. Consequently, LLM agents
currently lack a metamodel-aware way of querying, modifying, and
validating instance models. In this paper, we propose AMIGO -
Agentic Model Instance GeneratiOn. Agents can express modeling
intent through a small set of schema-typed tools that a metamodel-
aware server exposes over MCP: query (read the model), manage
(create/update/delete), and validate (check OCL constraints). The
server executes each call deterministically against an in-memory
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model that it persists as conforming XMI, and the agent builds the
model incrementally, using validate feedback to repair violations
before continuing. AMIGO is metamodel- and harness-agnostic:
MCP for integration, an agent harness for orchestration, and a
target metamodel for the tool surface apply to any EMF-based
metamodel. The tool we demonstrate is a complete instantiation
of AMIGO for the Palladio Component Model (PCM) [4], a widely
used metamodel for early-design performance prediction whose
instances span five interrelated views with cross-view ID refer-
ences. It comprises the PCM-MCP server exposing 21 PCM tools,
driven by a single agent built with the OpenAl Agents SDK, turning
informal inputs (natural language, UML/PlantUML, deployment
manifests, load profiles) into a five-view PCM instance that opens
directly in the Palladio Bench for simulation (Fig. 1). Envisioned
users are software architects drafting performance models with an
LLM assistant and educators teaching component-based modeling.
The workflow is simple: mount a modeling workspace, point an
agent harness at PCM-MCP, converse, inspect.

Contributions. (1) AMIGO, a general, harness-agnostic architec-
ture for agentic instance model generation that replaces direct XMI
synthesis with deterministic, schema-typed, self-validating tool
calls over a target metamodel (§3). (2) A ready-to-use PCM instanti-
ation — to our knowledge the first MCP server for the PCM, and the
first realized and evaluated for agentic, multi-view instance-model
generation — with a demo of a standard harness driving it (§4-
§5). (3) An evaluation on Corona-Warn-App and TeaStore showing
OCL-valid instances that approach expert references across three
LLMs (§6).

2 Background

AMIGO rests on three technology pillars, which we introduce to-
gether with the target metamodel used in the demonstration.

Instance models and XMI. In EMF-based MDE, a metamodel
defines element types and well-formedness constraints; an instance
model is a graph of typed elements conforming to it, serialized as
XMI [15]. Elements reference each other by generated identifiers.

Model Context Protocol (MCP). MCP [2] is a standardized
interface for connecting LLMs with external tools [12]. An MCP
server is, in effect, an LLM-optimized API: it advertises tools with
JSON schemas for their arguments and structured results [10].

Agent harness (OpenAI Agents SDK). An LLM agent is an
LLM in a loop that calls tools, observes the structured results, and
decides the next action until the task is complete. We use the OpenAI
Agents SDK [13] as the harness.

Palladio Component Model (PCM). PCM [4], the metamodel
used in our demonstration, predicts response time, throughput, and
resource utilization of component-based systems at the architecture
level. A PCM instance comprises five views: the repository (compo-
nents and interfaces) the system (assembly and wiring), the resource
environment (nodes and links), the allocation (assemblies-to-nodes),
and the usage model (workload).

3 The AMIGO Approach

AMIGO turns instance model generation into a sequence of small,
schema-typed, deterministic tool calls made by LLM agents via MCP
standard (Fig. 1). We describe its design principles and how the
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method instantiates for an arbitrary EMF metamodel; the concrete
PCM realization follows in §4.

3.1 Design Principles

P1 — Intent through tools. The agent never reads or writes XMI;
every interaction goes through a tool whose arguments are typed
against the metamodel (creating a component takes a name and
lists of provided/required roles, not raw XML). The server owns se-
rialization, identifier generation, and cross-reference bookkeeping,
and applies each call deterministically to an in-memory model that
it persists as conforming XMI. This removes the failure potential
of direct XMI synthesis and makes output reproducible and syn-
tactically valid by construction. The LLM contributes only which
elements to create and how to wire them.

P2 — A small, layered tool surface. Each advertised tool con-
sumes context-window space, and performance degrades as that
window fills [8]. AMIGO therefore exposes three layers over the
metamodel: create tools that initialise an empty view, query tools
that read model elements of a given type, and manage tools that
fold create, update, and delete into one tool per model element kind
via an action parameter.

P3 — Incremental validation and self-correction. AMIGO
exposes constraint checking as a first-class validate tool, so the
agent builds one view, validates it against the metamodel, and
proceeds only once it is consistent; results are returned as structured
issues with actionable messages, closing a feedback loop in which
the agent repairs violations before they propagate. (Fig. 1).

3.2 Instantiating AMIGO for a Metamodel

Instantiating the method for a new EMF metamodel is mechani-
cal. (i) Tool surface: group the metamodel into views and, per view,
generate one create tool, one query tool, and a manage tool per
top-level element kind, typed after the Ecore features; wrap the
constraint set behind one validate tool. (ii) Server: back the tools
with the metamodel’s EMF API for in-memory mutation and XMI
persistence and its validation framework for constraints. (iii) Har-
ness and prompt: a system prompt frames the agent as a domain
modeling expert and prescribes a modeling workflow with a manda-
tory validation step after each phase. §4 demonstrates the PCM
instantiation of this recipe.

4 Tool: AMIGO for PCM

The demonstrated tool is AMIGO instantiated for PCM per §3.2: the
PCM-MCP server exposing PCM as schema-typed tools, driven by a
single OpenAI Agents SDK agent. From informal inputs it produces
all five PCM views as OCL-valid XMI in a modeling workspace
(.repository, .system, .resourceenvironment, .allocation,
.usagemodel).

4.1 System Architecture

PCM-MCP is a stand-alone application that any of the common
agent harnesses named in §2 connects to over MCP. The MCP
server maps each tool onto factory methods of model elements
in the generated PCM Ecore classes and onto the EMF validation
framework for OCL checking.
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Figure 1: AMIGO architecture. A software architect interacts with an agent harness. The agent expresses modeling intent
through tools over the Model Context Protocol (MCP), which executes operations deterministically and persists a conforming
model instance. The persisted instance conforms to a pluggable Ecore-based metamodel and opens in the modeling workbench.

4.2 Tool Surface

PCM-MCP exposes 21 tools (Table 1) realizing the three design
principles defined in §3.1. Following the MCP specification, every
tool returns structured output: the data the agent needs for subse-
quent steps (notably server-generated identifiers) plus a schema
describing each field.

The tools fall into four categories. create tools instantiate an
empty view file. query tools implement per-view reads; a type
parameter filters the metamodel class and an optional id retrieves
one element in detail, which the agent uses to recover identifiers
for cross-view references. manage tools implement writes: each car-
ries an action parameter (CREATE, UPDATE, or DELETE) plus view-
specific parameters (e.g., component name, roles, and behavioral
descriptions as JSON), keeping the surface small (P2). Finally, a
single palladio_validate tool checks the PCM-OCL constraints;
its modelType parameter restricts checking to one view, enabling
the build-then-validate principle P3.

4.3 Agent Configuration

The agent and its system prompt are the only metamodel-specific
configuration on the harness side. The task prompt, in contrast, is
free-form: anything from a detailed specification with attached ar-
tifacts (§5) to a bare instruction to model the repository the harness
is currently working in. The system prompt frames the agent as a
precision-first PCM modeling expert and prescribes a five-phase
workflow, one phase per view in dependency order: repository —
system — resource environment — allocation — usage model. Its
structure:

System prompt

# Role You are a precision-first PCM modeler: translate the provided architecture artifacts into
a complete, valid PCM instance by operating the PCM-MCP tools. Model only what the artifacts
evidence — never invent elements, names, or values.

#Instructions Read every artifact before the first tool call; on conflicts apply the precedence API
spec — code — sequence diagram — architecture diagram — deployment. Recover identifiers
via query tools — never guess an ID. After each phase, call palladio_validate and fix all errors
before advancing.

# Steps Phase 1 repository (evidence tiers for components, operations, and call chains; SEFF
skeletons) — 2 system — 3 resource environment — 4 allocation (every assembly context mapped
exactly once) — 5 usage model (workload derivation; entry-level calls only for actor-triggered
flows).

o O @ Workspace - Palladio Bench
" ( <<System>>
Repository Teattore [System Assembly|

<<Interface>>
lauthService

&7 <<AssemblyContext>>
authService

sessionBlob login()

<<Provides>>! s
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7] <<BasicComponent>>

authService é
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g  lauthService.
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L g ~ =
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<<ResourceContainer>>
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Figure 2: Generated PCM instance for a login scenario

5 Demonstration

Input. The demonstration replays the TeaStore login scenario (§6.1).
The task prompt attaches a PlantUML system-context diagram, a
login sequence diagram, a load profile text, and a textual deploy-
ment configuration. PCM-MCP is used with the OpenAl Agents
harness. Harness independence follows from MCP rather than from
a dedicated integration.

Agent behavior. The Agent completes the task in 71 tool calls
(Table 2): per view, one create call opens the file, manage calls
add the elements, and palladio_validate closes the phase, while
interleaved query calls recover the server-generated identifiers
that wire cross-view references. The agent ends with a validation
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Table 1: Tools exposed by the PCM-MCP server (21 in total); {view} is one of five PCM views

Tool Name #Tools  Description

palladio_create_{view}
palladio_query_{view}

Creates a new Palladio {view} file in the workspace.
Lists existing objects within a Palladio {view} file.

palladio_manage_component
palladio_manage_interface
palladio_manage_data_type
palladio_manage_assembly_context
palladio_manage_connector
palladio_manage_system_role
palladio_manage_resource_container
palladio_manage_linking_resource
palladio_manage_allocation_context
palladio_manage_usage_scenario

[SE N U N N (RS R

Modifies a Palladio component.

Modifies a Palladio interface.

Modifies a Palladio data type.

Modifies an assembly context within the Palladio system.

Modifies a connector within the Palladio system.

Modifies a provided or required system role.

Modifies a resource container within the Palladio resource environment.

Modifies a linking resource within the Palladio resource environment.

Modifies an allocation context.

Modifies a usage scenario. The workload and behavior actions are specified as JSON.

—_

palladio_validate

Validates a PCM model against Palladio OCL constraints. Returns a list of validation issues if any exist, or
confirms the model is valid.

Table 2: Tool-call chain of a demonstrated login run (71 calls;
interleaved query calls omitted).

1 Repository create_repository — manage_interface (6x) —
manage_component (13x: 6 components + SEFFs) — validate v/

2 System create_system — manage_system_role —
manage_assembly_context (6X) — manage_connector (7X)
— validate v/

3 Resources create_resource_environment — manage_resource_container
(6x) — manage_linking_resource — validate v/

4 Allocation create_allocation — manage_allocation_context (6X) —
validate v/

5 Usage create_usage_model — manage_usage_scenario — validate
— final sweep (5X)

sweep over all five views; flagged violations surface as structured,
repairable results.

Output. Fig. 2 shows parts of the generated valid instance opened
in the Palladio Bench.

6 Evaluation

We evaluate AMIGO’s PCM instantiation with a Goal-Question—
Metric plan. Goal: Assess PCM-MCP as a reliable way for an LLM
agent to generate metamodel-valid, structurally faithful PCM in-
stances. Q1 (validity): Do agents produce OCL-valid instances? Q2
(structural fidelity): How close are the instances to expert refer-
ences per view? Q3 (portability): Do results hold across LLMs? For
Q1 we run EMF’s validation framework with the PCM-OCL con-
straints on every artifact. For Q2 we compute the per-view Jaccard
similarity JC = |Rgen N Rrefl/IRgen U Ryer| over the typed elements,
reusing the metric from AutoPCM [11]. The Jaccard metric element
equality is topology-sensitive because it accounts for names (paired
by semantic, embedding-based matching), structural properties,
and cross-references. For Q3 we vary the LLM and inspect one full
tool-call trace to open the agent black box.

6.1 Subjects and Setup

We reuse the subjects, use cases, and curated reference PCM in-
stances from AutoPCM [11]: 20 use cases covering all five PCM
views. Corona-Warn-App (CWA), the official German SARS-CoV-
2 contact-tracing app, contributes 11 use cases; TeaStore [16], mi-
croservice application, contributes 9. Each task prompt supplies
the use case’s diagrams, deployment information, and workload
profile. The harness is the OpenAlI Agents SDK; the system prompt

B Qwen3.5 [ Mistral-Small-4 BE MiniMax-2.7
CWA TeaStore

g
o
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Figure 3: Average Jaccard per PCM view (mean over use cases
and runs) for the three evaluated LLMs on CWA and TeaStore.

prescribes the workflow of §4.3. We test PCM-MCP using the open-
weight Qwen3.5, Mistral-Small-4, and MiniMax-2.7 LLMs, all
at temperature=0.1. Each pair of LLM and use case is repeated 10
times, yielding 600 PCM instances.

6.2 Results

Validity (Q1, Q3). 596 of 600 instances pass every PCM-OCL con-
straint (99.3%). In 260 of the 600 runs at least one intermediate
palladio_validate call flagged violations that the agent then
repaired before finishing. Regardless of the LLM, the determinis-
tic tool surface plus the iterative palladio_validate loop yields
near-complete conformance.

Structural fidelity (Q2, Q3). Fig. 3 reports the average per-view
Jaccard scores. The three LLMs cluster tightly on both systems
(global 0.62-0.67 on CWA, 0.66-0.68 on TeaStore), with Qwen3.5
slightly ahead. The allocation view scores highest (up to 0.96) and
the resource environment follows, as deployment notes constrain
them tightly. The repository (TeaStore) and usage (CWA) views
score lowest, because they carry the richest typed structure (inter-
faces, signatures, behavior) and leave the most naming and granu-
larity freedom: the agent places the right components and connec-
tions but names and decomposes them differently, so its defensible
decisions diverge from the reference author’s equally defensible
choices.

Agent execution path. The Qwen3.5 trace of the demonstrated
TeaStore login scenario (71 tool calls; Table 2) closely follows the
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five-phase workflow, invoking palladio_validate 10 times: once
to close each view phase and five times as a final sweep, all pass-
ing. Together with the 260 runs in which flagged violations were
repaired, this confirms that OCL-valid agentic modeling is driven
by explicit constraint feedback (§3.1, P3).

6.3 Threats to Validity

Construct. OCL validity is necessary but not sufficient for se-
mantic correctness, and Jaccard is only a lower bound on it. We
mitigate reference subjectivity by reusing reviewed references from
AutoPCM [11] and by reporting fidelity per view. Internal. LLM
nondeterminism is addressed by 10 repetitions per pair and aggre-
gated reporting. Also, since the system prompt could bias results,
we provide it in our replication package. External. We evaluate
two subject systems, one metamodel, three LLMs, and one harness;
metamodel and harness generalization remains future work.

7 Related Work

LLM-based model generation. Several works generate models
from informal input. Pan et al. [14] sidestep XMI by having the
LLM emit an intermediate representation later compiled to XMI;
others target specific notations such as graph models from text [7]
— typically producing the model in a few prompts and treating it as
text. Closest to our aim, EMF-Kaizen [1] embeds an LLM assistant in
EMF that recommends metamodel-conforming model fragments at
the abstract-syntax level, which users integrate via drag-and-drop;
AMIGO complements this assistance with an autonomous agent
that builds and validates the instance itself.

Agents for model-based engineering. Recent work applies
LLM agents to MDE tasks such as model-transformation selec-
tion [9] and automatic system modeling [3]. The systematic study
of Zhang et al. [17] reports that few LLM-based MDE approaches are
agentic and most treat models as flat text, exactly the gap AMIGO
addresses. The prior work AutoPCM [11] generates PCM with a
fixed multi-agent pipeline; AMIGO is a complementary, simpler
single-agent architecture, reusable across agent harnesses and meta-
models.

Model Context Protocol. MCP is studied mainly from ecosys-
tem and security perspectives [10, 12], and has only recently been
brought to modeling. Cabot [6] proposes MCP as an integration
layer between agents and modeling platforms and sketches a proof-
of-concept, since developed into a fuller server for a specific low-
code platform [5].

8 Conclusion and Future Work

We presented AMIGO, a general architecture for agentic instance
model generation in which an LLM agent drives a metamodel-aware
MCP server through schema-typed query, manage, and validate
tools, building instances incrementally and self-correcting against
constraint feedback. Its PCM instantiation generates OCL-valid
instances in 99.3% of 600 runs across three LLMs, with structures
approaching expert references. AMIGO turns standard agent har-
nesses into front-ends for instance modeling. Future work could
automatically instantiate EMF metamodels and evaluate across
harnesses.
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