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Abstract

As software engineering shifts toward agentic Al, embedded systems present unique hurdles: low-level
hardware constraints, complex peripheral configurations, and strict timing requirements. In these environments,
hallucinated code can cause failures in the field. This article explores how Texas Instruments' CCStudio™

IDE brings hardware-based intelligence into the development process, extending Al capabilities into hardware
configuration, build management, and on-chip debug workflows. CCStudio IDE uses a multi-layered architecture
that lets Al agents navigate real silicon from initial setup to final troubleshooting.
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1 Introduction

Al tools are increasingly handling tasks that once required the direct attention of a developer, cutting down the
time between initial ideation and functional code. Gartner predicts that 90% of enterprise software engineers
will use Al code assistants by 2028. Figure 1-1 shows how Al tool usage can be implemented throughout the
development life cycle.

Al Across the Embedded Software Development Lifecycle

Where Al assistance applies at each phase — planning, development, debug, and test

Planning Development Debug Test
+ Requirements analysis + Code generation + Root-cause analysis « Test case / fuzz generation
- Architecture exploration + Config from + Crash/core dump triage - Coverage gap analysis
. N natural language . .
« Effort & risk estimation + Natural-language queries « Flaky-test triage
- Spec-to-task generation ae=sisiedlcoteiericy + Signal/waveform + Result summarization
* Doc & comment generation pattern recognition

* Migration assistance

Figure 1-1. Workflow Diagram Showing Implementation of Al Tools in Embedded Software Development

However, standard Al models struggle with the complexities of embedded systems. For example, when pin
assignments, peripheral configurations, or low-level timing are mismanaged, the resulting errors can be difficult
for models to identify without access to hardware-specific data.

For Al-enabled workflows to succeed in this context, the agent requires authoritative access to the specific
hardware and toolchain data an embedded developer relies on. Otherwise, an Al can potentially generate code
that compiles correctly but fails upon execution due to incorrect hardware assumptions.

The purpose-built environment in the CCStudio IDE, part of the CCStudio development ecosystem, gives
Al agents direct access to Tl's editing, building, and debugging tools. CCStudio IDE supports complete,
autonomous workflows for embedded system development (Figure 1-2).
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Figure 1-2. Simplified Diagram Showing the Integration of Agentic Al Capabilities in CCStudio IDE

2 Core Platform Capabilities

CCStudio IDE provides the technical infrastructure Al agents need to operate efficiently through several

integrated capabilities:

1. Multi-model interoperability: CCStudio IDE supports industry-standard agents and models, so teams can
select their preferred model like Claude, GPT, or on-prem models. This approach also supports enterprise
security, since on-prem and customer-controlled model hosting are treated as first-class scenarios, keeping
proprietary firmware and IP within protected networks.

2. Automated Al configuration wizard: To reduce manual setup, the Al Configuration Wizard automates the
registration of MCP servers, credential configuration, and extension installation, making sure an agent is
project-aware and ready to work without requiring the developer to configure the agent manually.
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3.

Structured documentation and examples: Without authoritative data, agents can produce hallucinated
configurations, for example, calculating an incorrect baud rate divisor because the agent lacks the correct
clock source. CCStudio IDE gives agents direct access to verified Tl documentation, including structured API
references, register maps, and device-specific examples, which serve as a reference point for configuration
tasks.

Deterministic configuration using SysConfig: SysConfig acts as a deterministic interface between the
Al agent and the hardware. Instead of having an agent guess at peripheral settings, SysConfig provides

a real-time validation layer: the agent proposes changes, receives immediate feedback on potential pin or
clock tree conflicts, and resolves dependencies before code is generated.

Full-Loop hardware debugging and telemetry: CCStudio IDE gives agents direct on-chip debug access,
enabling autonomous troubleshooting. An agent can run a full debug cycle: flashing firmware, setting
breakpoints, inspecting the call stack and core registers, and checking serial terminal telemetry for
continuous visibility into the system state.

3 CCStudio IDE Migration Skill

These capabilities deliver the most value when combined to tackle complex, high-value tasks, such as
cross-vendor device migration. Migrating an application requires understanding a foreign codebase, mapping
peripherals to new pinouts, and verifying the ported application on new silicon.

The CCStudio IDE migration skill uses the underlying architecture of the platform to automate this process
through a specialized orchestration pipeline:

The migration capability (Figure 3-1) is structured as an orchestrator coordinating a set of specialized sub-
agents, each responsible for one phase of the port.

Migration skill CCStudio
2
[e) Plan actions, manages sub-agents, controls information flow and reporting
8
[
——] —
SDK Content Migration Content
- AGENTS.md Board Content
] AGENTS.md
E Pin assignments, jumpers...
o) A
(&) I Migration paths/guides I
Figure 3-1. Architecture of the CCStudio IDE Migration Tool
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CCStudio IDE sub-agents include:

» Analyzer: Identifies the source device, the purpose of the project, and the peripherals in use.

* Planner: Creates an ordered porting plan, grouped by area, with room for user review and adjustment.

* Project: Creates the new CCStudio project and copies over non-device-specific application files.

» Config: Configures peripherals and software settings, using multiple cooperating sub-agents.

+ Code Porter: Migrates source code and API usage to the SDK of the target device, again using multiple
sub-agents.

» Build: Builds the project and iterates to resolve build errors.

This orchestrator draws on the same MCP servers, CLI tools, and workflow guidance described above, and on
structured content maintained separately. This structured content includes SDK documentation and examples,
source- and target-device migration guides, and board-specific pin and jumper information. Keeping this content
decoupled from the orchestration logic means migration quality improves as documentation and examples
improve.

4 How the Migration Skill Validates Results

Producing a migrated project is only half the job. Code migration itself can be lengthy (potentially hours), so the
process was designed to be resumable in case something goes wrong with an Al environment or the process
needs to be stopped partway through. Once migration is complete, the resulting application must still be proven
to work on real hardware. This is handled by a separate test migration skill, invoked after code migration,
through a three-part process:

* Orchestrator: Determines what test equipment is available and leads the user through any required setup
(wiring, jumpers).

* Planner: Reads the migration report and writes a prioritized test plan.

» Executor: Runs each test, applies fixes on failures, rebuilds, and retries (up to a bounded number of
attempts) before flagging the issue for a human.

Results are logged as they are received, giving visibility into test progress. The approach is also adaptable to
what is on the bench and can drive an existing test framework and lab equipment such as a logic analyzer or
signal generator, as well as on-target debug and serial communication. The migration skill produces a test suite
that can be reused separately from the Al environment.

5 Conclusion

Effective and efficient agentic embedded development requires access to tools that can connect Al reliably to the
physical hardware agents are meant to control. By building structured documentation and direct hardware debug
access directly into CCStudio IDE, Tl gives Al agents what is required to handle routine embedded engineering
tasks, freeing developers to spend more time on system-level design decisions.
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