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The Future of Corrective and Preventive Action (Al CAPA)

Building a Deterministic-Probabilistic Framework for Systemic Learning in Food and
Beverage Manufacturing and Quality Systems

Introduction

In many factories, CAPA processes begin the same way, a stack of printed deviation
reports, paging through PDFs to piece together what went wrong. Teams debate symptoms
more than causes, and valuable insights disappear once the meeting ends.

The Corrective and Preventive Action (CAPA) process has long been the backbone of
quality management in food and beverage manufacturing, yet it remains one of the most
cumbersome systems in the digital landscape. Most organizations still treat CAPA as a
compliance exercise, documenting incidents, assigning actions, and closing records,
rather than as a source of systemic learning.

At Frame & Flight ® we believe this must change. Al CAPA represents a shift from
recordkeeping to reasoning, from documenting what happened to understanding why it
happened and how to prevent recurrence. By combining deterministic rules with
probabilistic learning, Al CAPA management will transform every incident into intelligence,
creating a foundation for continuous improvement across suppliers, factories, and
operations.

The Challenge

Despite decades of investment in quality systems, the CAPA process remains largely
reactive and fragmented. It has devolved into a compliance formality that undermines its
original purpose. Root-cause analysis is often driven by opinion rather than evidence,
constrained by limited visibility across functions and data sources.

Quality teams, struggling with time and resource constraints, record symptoms but often
miss system-level causes. Information about production conditions, supplier variability, or
equipment performance lives in separate departments, databases, spreadsheets, or PDF
reports. Each function sees only its part of the picture, resulting in a CAPA ecosystem that
documents issues efficiently but learns little from them.
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Frame & Flight’s Strategic Positioning on Al CAPAs

CAPA must evolve from a documentation process into an intelligence system, one that can
reason across data, learns from every event, and improves decision quality. The objective
of Al CAPA should not be to close actions faster but to reduce recurrence by connecting
signals across suppliers, production lines, materials, and environments, revealing cause-
and-effect patterns invisible in traditional systems.

Our approach blends deterministic logic, the rules that govern compliance and
traceability with probabilistic reasoning, the models that recognize patterns, infer causes,
and suggest preventive actions. Together, these create a self-learning CAPA framework that
turns every corrective action into organizational knowledge and every incident into an
opportunity to strengthen operations.

The Frame & Flight Framework for CAPA Intelligence

The Al CAPA framework is built on four connected domains that together transform how
quality issues are detected, analyzed, and prevented.

e Deterministic Domain - Governance and Business Rules
The deterministic domain defines clear rules for CAPA eligibility, escalation, and
closure. It ensures every recommendation aligns with internal standards and
regulatory expectations, creating an auditable logic trail for every decision. These
rules become the measurable standards by which compliance and readiness are
governed.

¢ Probabilistic Domain - Pattern Recognition and Unstructured Data
This domain forms the learning surface, using machine learning and natural-
language reasoning to interpret unstructured data, classify incidents, and identify
recurring patterns that inform both corrective and preventive strategies.

¢ Integration Domain - Connected Systems
The integration domain links CAPA data to the broader digital ecosystem, PLM, MES,
supplier quality, and production data, ensuring context is preserved and cause-and-
effect relationships are visible across functions.

¢ Human Validation Domain - Expert Review and Feedback
The human validation domain closes the loop through expert review, model training,
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and structured feedback. Every Al recommendation is validated, and human
reasoning becomes part of the model’s continuous improvement cycle.

Together, these domains create a closed-loop learning system where data, logic, and
expertise drive continuous improvement.

The Frame & Flight CAPA Operational Model — CAPA FlightDeck™

Stage 1: Identify and Catalog Data Sources

Begin with a complete inventory of existing data inputs that influence quality, safety, and
performance. Examples include CAPA logs from QMS systems, supplier incident data, MES
performance metrics, laboratory test results, environmental monitoring data, and audit
findings. This establishes visibility across all potential signals of risk or deviation — the
foundation for trustworthy Al CAPA.

Stage 2: Digitize Manual Processes

Many valuable insights remain locked in paper records or spreadsheets such as product
and material specifications, batch records, in-line operational checks, cleaning logs, and
supplier COAs. Digitizing these processes standardizes data capture, reduces transcription
errors, and preserves institutional knowledge. OCR and Al tools can accelerate this
conversion and create structured, searchable intelligence.

Stage 3: Build the Deterministic Domain

Once data is centralized, integration and normalization connect systems into a unified
governance model. Key measures are defined for each source, as an example, CIP
thresholds, line-speed variance, temperature deviation, or audit-compliance scores. These
measures are linked through business rules and logic to create the deterministic backbone
that drives governance, escalation paths, and compliance validation.

Stage 4: Build the Probabilistic Domain

With the deterministic foundation in place, an intelligence layer is introduced. Machine-
learning models detect anomalies, classify incidents, and identify recurring patterns
across plants and suppliers. Using CAPA history and expert-validated examples, the model
infers root causes, recommends corrective and preventive actions, and predicts
recurrence risk. This layer leverages structured measures and unstructured narratives,
combining industry expertise with contextual data to create true reasoning capability.
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Stage 5: Human Validation Domain

Finally, human oversight ensures accuracy and learning. Quality and operations experts
review Al recommendations, validate or adjust actions, and ensure improvement work is
executed and documented. Their feedback retrains the probabilistic models and improves
accuracy over time — shepherding both the digital system and the organization toward
measurable, sustained improvement.

Together, these five stages establish a practical path to CAPA Intelligence, a self-learning
ecosystem that connects evidence, reasoning, and human expertise to continuously
strengthen operational performance.

Key Differentiators of the Frame & Flight Approach

Frame & Flight’s Al CAPA strategy is not a generic application of machine learning to quality
data. Itis a structured reasoning framework purpose-built for the realities of food and
beverage manufacturing.

1. Built for Food and Beverage Operations
The framework reflects operational nuances where variables such as batch
conditions, supplier variability, and equipment performance directly influence
product integrity. CAPA reasoning should incorporate domain-specific logic such as
cook temperatures, allergen changeovers, cleaning verification, and packaging-line
setup, not just abstract data patterns.

2. Deterministic-Probabilistic Design
Unlike black-box Al, this hybrid model blends deterministic rules for compliance
and traceability with probabilistic reasoning for pattern recognition and prevention.
Every recommendation remains explainable, auditable, and compliant while
benefiting from adaptive learning.

3. Integrated Digital Thread
Al CAPA connects supplier, production, quality, and maintenance data into a
continuous view of cause and effect. This digital thread links CAPA insights to
supplier readiness, factory maturity, and product outcomes, enabling enterprise-
wide learning.

4. Continuous Human Validation
Human expertise should be amplified, not replaced. Quality leaders validate Al
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insights, refine hypotheses, and update preventive-action logic. Their feedback
strengthens the model over time, teaching the system how experts reason.

5. Governance First, Not Afterthought
Compliance, explainability, and data integrity are embedded from day one. Every
recommendation carries an auditable logic path showing which data and rules
informed it, enabling safe Al adoption within regulatory frameworks while
accelerating learning.

In essence, our CAPA intelligence methodology transforms CAPA from a reactive
compliance process into a strategic capability, one that ensures every deviation not only
gets resolved but teaches the organization how to prevent it from happening again.

Our Vision: The Learning Quality Ecosystem

Each CAPA contributes to an intelligence loop that not only explains past failures but
predicts where the nextissue is likely to arise. Over time, the enterprise builds a self-
learning quality system capable of adapting to new products, suppliers, and production
environments with speed and control.

In this model, every deviation becomes a signal; every corrective action strengthens the
system’s reasoning; and every preventive action accelerates future readiness. Quality
evolves from a reactive function to an intelligent network of learning that connects
operations, suppliers, and technology.

Call to Action

Organizations ready to move beyond reactive CAPA must begin by assessing their
governance and data readiness. True intelligence requires structure and a shared language
across systems, sites, and functions.

Frame & Flight offers a CAPA Readiness Diagnostic and Al Enablement Roadmap to identify
where reasoning can be introduced safely and how to scale it across the enterprise. These
programs align process maturity, data governance, and Al capability into a clear, actionable
plan.

The outcome is a stepwise progression from compliance to intelligence, from incident
management to systemic learning, enabling quality systems that don’t just respond to
problems but continuously learn how to prevent them.
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