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Neil Langmead

Co-Founder, CodeClinic

= German and English speaking C/C++ developer and
unit tester.

= Focus on software architecture, static analysis, machine
learning and DevOps automation.

m Lecturer in Computer Science, specialising in testing and
functional safety — ISO 26262, FDA/62304 and DO-178C.

ﬂ{‘;%,‘f;wlogy AI-Assisted Refactoring for Coupling Reduction - Neil Langmead, CodeClinic - WoTS 2026 02 / 21



What we'll cover
Agenda

Architecture Agentic MCP — DSM analysis meets the Model Context Protocol
Examples — finding and fixing coupling

The Recursive Hierarchical Decoupling Algorithm (RHDA)

Reinforcement learning for refactoring sequences

CI/CD validation — correctness and architectural improvement

Reuse, managing Al-generated code, and Q & A
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Al Features
What the MCP integration enables

B Interact with MCP in natural language to discover
information about the architecture

B Agentic Al approach to increase software reuse

® Understand how components interact in order to
refactor them

® Detect unwanted dependencies and improve
modularity through decoupling

B Reduce drift and erosion as the software evolves

®  Fix architecture rule violations (layering, API,
independent subsystems)
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Architecture MCP

Key concepts of the MCP server

= A backend service that exposes = Functions the server exposes, such as:
functions and data sources such as: o listModules()
o Project model 0 getDependencies()
o Architecture rules 0 applyArchitectureRules()

o Dependency information

o Actions such as analyze,
partitioning, tagging

o VS Code extension
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Krchitecture MCP in Practice

Example queries once the DSM MCP is connected to your project. But first, a look at why coupling is such a

huge problem...

"Show me all circular dependencies in
IsoAglLib”

Instantly surfaces architectural cycles across the full
codebase — no manual tracing required

"What are the most tightly coupled
modules?”

Ranks partitions by coupling metrics to identify
refactoring candidates

"Which components violate our layering
rules?”

Returns a precise list of partitions breaching defined
architectural constraints

"Generate a dependency report for the
HAL layer”

Produces a structured view of upstream and
downstream relationships for any partition
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Architecture Improvement Pipeline
Architect MCP — DSM solution

Architecture Improvement Pipeline with Lattix Architect MCP (DSM Solution)

Identify couplings and rule violations — Fix dependenies — Decouple — Improve modularity — Reusable components

Model & Ingest Analyze with
I T >> DSM > a Detect Issues > o Fix & Decouple > o Improve Modularlt)>>

- Import code, modules
and dependency data ' .’.’

Refactor to remove bad Reduce coupling and
TOOLING ENVIRONMENT

Reusable
Components

Lattix Architect MCP
builds the DSM

Identify couplings and
rule violations

Create reusable software

dependencies increase cohesion components

logic
technology

~
Current Architecture DSM View - Before Issues Detected DSM View - After Improved Architecture
ﬂ A B C D E . . A B C D
Visual Studio Code High Coupling
(VSCode) ~l_Jeo[= CQAHC,BHC,CHD L |= ‘
____________ B LI Rulle Violati e - | |
( 1 1 * ule Violations * *
| Lattix Architect | 5 L el Layering, Cycles, . _‘7- ‘
i MCP Plugin { D @ m ‘-i Forbidden Dependencies D LA 7‘r‘
1 . E o 7~ Cyclic Dependencies E ‘
K QT .
i ® Explore | I strong / Unwanted Coupling —— B Acceptable Coupling
e View Issues - ow Modularit
| o Apply Fixes | Complex dependencies [1 Rule Violation ... High fan-in / far)\/-out [ improved / Decoupled Reduced Coupling
| PPl Tl ! High coupling [ Acceptable / Weak Coupling No Dependency Better Modularity
I\ e Track Progress } Opagque structure B serf B serf Clearer Structure
T
| T T T T
N ¥ Vo Y. ¥
OUTCOMES & Compliant Architecture Lower Complexity Higher Modularity \ Reusability Maintainability & Agility
BUSINESS VALUE Fewer rule violations and 0] Reduced coupling and Improved cohesion and ‘/ Components can be - l Easier to evolve, test,
risk of non-compliance

simpler dependencies

separation of concerns

reused across projects

and extend
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Example 01

Shared components coupled to the flight display

®m Shared_components is supposed to be a sharable
component across different apps

= However, at the moment, it is coupled to the
flight display

m  Architecture rules are violated

m How can we use the MCP to find and fix

these violations?
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Example 02

Mixed dependency kinds make
refactoring complex

Complex to refactor, because
the dependencies are

different kinds:

m Includes

Source: home jmk.Projects.esp32_v5.5.3.0emo-Flight-Controller.shared_components
Target: home jmk Projects esp32_v5.5.3.Deme-Flight-Controller flight_display
Dependency Strength: 18

Dependency Properties:

espnow_Ltilities c Ref — uses — espnow_utils.h Ref
Include: linenumber= 8

espnow_Ltilities c Ref — uses — espnow.h Ref
Include: linenumber= 10

m r— T = g D
s & 3 SEN:
% = g R g
$root (Ll ;_ z :(:,D £
T S
= K
B~ v w » Bl o
{=f-++}-Ethernet 1|.1% 6
L [+ LRUs 2|6 1%
|- home.jmk 3 18 1
[ flighssdiepiay 1
? 3 i
e A - shared_components 2 |12 43|88
;!r 3218261543 87%

jEm————

® Macros

—

m Types

espnow_utilities.c.unbind_restare_init() — uses — espnow_storage_erase(const char *)

4> Invoke: linenumber= 26

B Function calls

logic
technology

espnow_utilities.c.unbind_restore_init() — uses — espnow_rebaoot(TickType_t)
Invoke: linenumber= 27

espnow_utilities h Ref — uses — espnow h Ref
Include: linenumber= 9

espnow_utilties.h Ref — uses — espnow_ctrl_bind_error_t{} Ref
Type Reference: linenumber= 13

AI-Assisted Refactoring for Coupling Reduction - Neil Langmead,

espnow_Ltilities c Ref — uses — espnow_ctrlh Ref
Include: linenumber = 12

espnow_utilities.c Ref — uses — #CONFIG_ESPNOW _REBOOT_UNBROKEN_INTERVAL_TIMEOUT
Macro: linenumber = 27

espnow_Litilities c Ref — uses — #ESPNOW_INIT_CONFIG_DEFAULT
Macro: linenumber= 93

espnow_utilities.c.espnow_bind_error_to_string(espnow_ctrl_kind_error_t) — uses — espnow_ctrl_bind_error_t{} Ref
Type Reference: linenumber = 33

espnow_Liilities.c.espnow_bind_error_to_string
(espnow_ctrl_bind_error_t) — uses — ESPNOW_BIND_ERROR_NGNE

Read Field: linenumber= 37

espnow_tilities.c.espnow_bind_error_to_string
(espnow_ctrl_bind_error_t) — uses — ESPNOW_BIND_ERROR_TIMEOUT

Read Field: linenumber = 43

espnow_Liilities .c.espnow_bind_error_to_string
(espnow_ctrl_bind_error_t) — uses — ESPNOW_BIND_ERROR_RSSI

Read Field: linenumber= 49

espnow_Ltilities c.espnow_bind_error_to_string
(espnow_ctrl_bind_error_t) — uses — ESPNOW_BIND_ERROR_LIST_FULL

Read Field: linenumber= 55

espnow_utilities c.espnow_init_utilities(esp_event_handler_t) — uses — espnow_config_t{} Ref
Type Reference: linenumber = 93
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Architectural MCP

Root cause analysis in the VS Code plugin

® Dependency types identified

B Root cause analysis - VS Code plugin

logic
technology

DEMO.FLIGHT-CONTROLLER

component:

j_t * parent, inl grow)

f (Istyle inited)
1v_style_init(&style clock);
lv_style set text_font(&style dn(k font. xl H
lv_style set width(&style clock,
lv_style set_height(&style clock, 1
1v_style set_flex_track_place(&style clock, LV_FLEX_ALIGN_START);
1v_style set flex main_place(&style clock, LV_FLEX ALIGN CENTER);
1v_style set flex cross_place(&style clock, LV_FLEX ALIGN START);
lv_style set layout(&style clock, LV_LAYOUT FLEX);
lv_style set flex flow(&style clock, LV_FLEX_ FLOW
lv_style set_pad_row(&style_clock, ©);

style_inited =

j t * card_empty @ = card empty create(paren
1v_obj_set_name_static(card_empty @, “card_clock_i
1v ohi set stvle nad all(card emntv

TERMINAL

PS D:\tmp\Demo-Flight-Controller>

Update

CHAT

ELIX MCP SERVER ARCHITECTURE

Source

AI-Assisted Refactoring for Coupling Reduction -

riginate in

Dependency

(in

& flight display managed)

its enum members

in & shared_com

/ from & fiight_d
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A h - t t M C P LATTIX MCP SERVER ARCHITECTURE
L von s o .
rc l e C etc.) from are included at the top of the file.

From detected violation to verified fix o

These changes eliminate the two viclations that originated from the

public header file:

LATTIX MCP SERVER ARCHITECTURE

location ac . =, Rule violations identified tiltiesh |~
between partitions

2 [Cannot Use] * — ~12 violations (message/interface

mismatches) m lees proposed
i i between the struct :
and the corresponding message ] G It H u b / G It Lab | ntegrat | on . o I:E‘:'Aplgl Th(:;glg .

= Verify chzinges on a branch

C Struct Field COMET XML Name Issue

misr -
endency rather than to & fli

CHANGES

stdio.h>

espnow_utilities.h”

"ESPNOW Utilities”; Keep Undo

n + typo COUNT = 5;
v flight_control_cometxml_v3.Idi.xml
st uint8_t BROADCAST MAC[] = {@xFF, @xFF, OxFF, OxFF, OXFF, OXFF};
es.c shared components\espnow util...
rr_t unbind_restore_init(void)

. f (espnow_reboot_unbroken_count() >= UNBIND_TOTAL_COUNT)
Network/IP level
ESP_LOGI(LOG_TAG, “"unbind restor
espnow_storage_erase ("bindlist");
 Commit re espnow_reboot (CONFIG_ESI |_REBOOT_UNBROKEN_INTERVAL_TIMEOUT
Changes

d of for the

espnow_utilities.c shared_... 1) 9 + turn ESP_OK;

& flight_control LRU. G...
? Add the BROADCAST MAC address as a co...

*espnow_bind error_to_string(gspnow cErl bind error t mmmm .,
*espnow_bind_error_to_string(int bind_error)

[Cannot Use] * — 1 violation (ESP-IDF internal) (s
K Undo
includes ESPNOW_BIND_ERROR_NONE: eep| undo
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Recursive Hierarchical Decoupling Algorithm

Formalising coupling minimisation as an optimisation problem

Key Coupling Metrics

Coupling is formalised as an optimisation problem:
minimise the refactored dependency set D' while
preserving observable behaviour.

m Fan-out: count of components ¢, depends upon

m Fan-in: count of components depending on c,

m Instability I(c): FanOut / (FanIn + FanOut); O = stable,
1 = unstable

m Propagation Cost (PC): average impact per
component pair, normalised by |C|?

(‘Eﬂkmw AI-Assisted Refactoring for Coupling Reduction -

RHDA: Recursive Hierarchical Decoupling

Operates top-down from coarse-grained subsystems to
fine-grained functions. At each level:

Analyse DSM to identify coupling hotspots
Prioritise dependencies by architectural impact
Apply Al-assisted refactoring to highest-priority items

Validate coupling decreased; no new
violations introduced

Converges because each refactoring either reduces
coupling (accepted) or maintains it (rejected), bounded
below by zero.
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\_lalidation in the CI/CD Pipeline

Verifying functional correctness and architectural improvement together

The refactoring problem is modelled as a Constrained Markov Decision Process:

m State si: dependency matrix M, global metrics, test results
m Actions a:: extract interface, move element, introduce facade, break dependency
m Reward: a-ACoupling + B-AViolations (x=1.0, f=0.5)

m Constraint: system tests must pass (€=0.01)

A safety critic ensures proposed refactorings do not break system tests.

build test architectural-analysis consolidation

@ build @ Parasoft @ lattix ® docops

whitesource-security-

> @ violation_report
publisher
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Reuse: Al Use Case

From coupled code to reusable components

Architecture Improvement Pipeline with Lattix Architect MCP (DSM Solution)

Identify couplings and rule violations — Fix dependenies — Decouple — Improve modularity — Reusable components

Model & Ingest Analyze with
Architecture DSM

- Import code, modules
and dependency data

Lattix Architect MCP

builds the DSM rule violations

Identify couplings and

X

Refactor to remove bad

dependencies

> a Detect Issues > o Fix & Decouple > o Improve Modularlt)>>

iﬂi!

Reduce coupling and
increase cohesion

Reusable
Components

Create reusable software

components

TOOLING ENVIRONMENT

~
Current Architecture DSM View - Before Issues Detected DSM View - After Improved Architecture
ﬂ A B C D E . . A B C D
Visual Studio Code High Coupling
(VSCode) ~l_Jeo[= CQAHC,BHC,CHD L |= ‘
____________ s [l [o= Rulle Violati e - | |
( 1 1 * ule Violations * *
| Lattix Architect | 5 L el Layering, Cycles, . _‘7- ‘
i MCP Plugin { D @ m ‘-i Forbidden Dependencies D LA 7‘r‘
1 . E o 7~ Cyclic Dependencies E ‘
K QT .
i ® Explore | I strong / Unwanted Coupling —— B Acceptable Coupling
e View Issues - ow Modularit
| o Apply Fixes | Complex dependencies [1 Rule Violation ... High fan-in / far)\/-out [ improved / Decoupled Reduced Coupling
| PPl Tl ! High coupling [ Acceptable / Weak Coupling No Dependency Better Modularity
I\ e Track Progress } Opagque structure B serf B serf Clearer Structure
T
| T T T T
N ¥ Vo Y. ¥
OUTCOMES & Compliant Architecture Lower Complexity Higher Modularity \ Reusability Maintainability & Agility
BUSINESS VALUE Fewer rule violations and 0] Reduced coupling and Improved cohesion and ‘/ Components can be - l Easier to evolve, test,
risk of non-compliance

simpler dependencies

separation of concerns

reused across projects

and extend
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Summary
Using MCP, the Lattix VS Code plugin can:

B Expose architecture model data directly to
AI models

B Allow models to analyze the architecture and
detect rule violations

m  Generate, refactor and optimize
architecture constraints

s e e e ®m Run Lattix analyses from natural-
language prompts

m Allow AI to retrieve module structure

B Enable Al-assisted architecture
governance workflows
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Architecture MCP Demo

Live walkthrough

File Edit Selection View Go Run Terminal Help

RER

V ISOAGLIB

i ace Is

TR %
addcstringwWithoutTermination (c

nt getData(char

#include

Vv img
getcstringCount (

bitfieldwrap

count
* uname

util_funcs.h
compiler_adaptation_unicode.h

compiler adaptation.h
v QUTLINE

. ;. e B . 202
tLittleEndianStringUi8(const uint...

bed2dec{uint: v UPSTREAM - USED BY REPORT

ke library.xgpl_src.IsoAgL...
ke library.xgpl_src.IsoAgL...
ke library.xgpl_src.IsoAgL...

igates FMEA Ref
o
[e]
[e]
o
[e]
o
o

ogic AI-Assisted Refactoring for Coupling Reduction

technology

ke library.xgpl_src.IsoAgL...
ke library.xgpl_src.IsoAgL...
Invoke library.xgpl_src.IsoAgL...
Invoke library.xgpl_src.IsoAgL...
Invoke library.xgpl_src.IsoAgL...

Invoke library.xgpl_src.IsoAgL...

il >impl >
i
**dest,

)s

h"/ REQ-001

*src, char countChar)

Keep Undo (£ | 30f8

LATTIX IMPACT EXPLORER

“ FILE INFO v DOWNSTREAM - USES REPORT

Name: library.xgpl_src.IsoAgLib.utilimplutil funcs.cpp Include libr pl_src.IsoAg...
Macro library.xc i
Macro librai

Macro library.xc

Macro libra

Macro library.
Macro library.

cro library.xc

>
>
>
>
>
> Macro library.x
>
>
>
>

Macro libra

Neil Langmead, CodeClinic

1] A=
+\. $

< IMPACT OF CHANGES IN UTIL FUNCS.CPP ON REQUIRE...

conditions

Requirements Chain

util_funcs.cpp
i

SW-REQ-0@6 (Error Observer in Util componen
i1

SYS-REQ-001 (ISO 11783 Compliance)
i

HARA-©01 (ASIL-C Hazard: Unintended vehi
¢

FMEA-©01, FMEA-002 (Failure Mode Mitigation
i

TST-086 (Test Error Notification)

se) that were blocke

logic bugs.

cCoood

- isoaglib_config.h I
debug_device_config.h |

|_funcs.cpp

Go to output

WoTS 2026
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K/Ianaging Al Generated Code

Safety standards demand what Al can't guarantee

= Quality of AI generated code is often questionable (see [2603.28592] Debt Behind the Al
Boom: A Large-Scale Empirical Study of AI-Generated Code in the Wild)

= Resulting code is often not maintainable
m Safety Standards Demand What AI Can't Guarantee

= Standards like ISO 26262, DO-178C and IEC 61508 require rigorous, deterministic
and fully predictable software structures. Al-generated C and C++ code introduces two
compounding risks:
0 Standard LLM training data contains virtually no safety-critical domain knowledge or
compliance context
0 “Black box” code hides critical architectural debt invisible to standard review
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Managing Al Generated Code

How architecture erodes

Architecture drift — the silent failure Uncontrolled dependencies

Al-generated code doesn't break systems overnight; AI routinely introduces circular dependencies and

it erodes them gradually, through structural tight coupling, making modules impossible to isolate
decisions that seem harmless in isolation or safely test

Degraded modularity Exponential cost of late detection

Repeated AI contributions silently dissolve the Architectural defects found late in the development
boundaries between modules, destroying reusability cycle cost orders of magnitude more to fix than

and testability those caught at design time
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From Velocity to Reliability

Governance is the new competitive advantage

From Velocity to Reliability

Al accelerates code generation — but without governance, speed
becomes a liability in safety-critical systems.

© Without Lattix

Al-generated code drifts your architecture toward hidden failure

— fast.

(2 With Lattix

Every Al contribution becomes a governed, verifiable
architectural asset — building toward reliability, not away from it.

(©) Governance is the new competitive advantage. In
embedded safety-critical development, the teams that
govern Al will outperform the teams that merely use it.

logic
technology

AI-Assisted Refactoring for Coupling Reduction - Neil Langmead, CodeClinic - WoTS 2026

B Minimize technical debt

o Continuous architectural governance prevents debt from
silently accumulating across Al-assisted development cycles,
reducing long-term maintenance overhead significantly.

= True code reusability

o Well-governed architectures with clean dependencies unlock
component reuse

m Verifiable safety compliance

o Structural enforcement provides the audit-ready evidence
required by ISO 26262, DO-178C and IEC 61508
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Q&A

Your questions

Does our source code leave our environment when using the MCP server?
How long does it take to build an initial model of a large codebase?

Can the output support ISO 26262 or DO-178C evidence?
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?hank you

Book a working session

Thirty minutes on your codebase, your architecture, your questions. We'll run
the same root-cause and Al-remediation workflow you just saw against your
own system.

TALK WITH US

André De Ceuninck — a.d.Ceuninck@logic.nl, Neil Langmead - nlangmead@code-clinic.com,
CodeClinic Solution Expert CodeClinic CTO
https://logic.nl/codeclinic/
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