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Executive Summary

"Sentient Retail Revolution" introduces a transformative approach to retail through sentient
operations, integrating real-time data, Virtual Line simulations, and cognitive Al to deliver unmatched
agility, compliance, and customer focus. This ecosystem overcomes the limitations of fragmented
retail technologies—such as limited foresight, disconnected simulations, isolated Al, rigid legacy
systems, and siloed data—reducing losses from stockouts, delays, and compliance failures.

Key benefits include:

» NearZero regulatory fines via proactive GxP and CSV compliance

Faster recalls through digital tracing

Self-validating CSV documentation for audit readiness
» Hyper-adaptive operations for dynamic market response

Using FreshPulse Antiseptic Mouthwash as an analysis, Virtual Lines ensure GxP-compliant cold chain
management, optimize recalls, and enhance customer experiences, driving cost savings and
efficiency. The system leverages digital twins, retail knowledge graphs, and the GUIDON cognitive

engine to simulate processes, validate compliance, and mitigate risks.

Sentient retail enables autonomous optimization, predictive customer engagement, accelerated
innovation, and resilient supply chains. Adoption requires investment in data infrastructure, Virtual
Line models, retail ontologies, and advanced Al, positioning early adopters for a significant

competitive edge.
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The Need for Sentient Retail Operations

Traditional retail optimization—focused on streamlining supply chains, reducing stockouts, and
enhancing customer service—is reaching its limits amid rising complexity and volatility. CTOs face the
challenge of integrating fragmented technologies (digital twins, Al, legacy systems) into a cohesive,
intelligent system. Sentient retail operations address this by:

« Understanding current states (inventory, customer flow, staff allocation) via digital twins
« Anticipating future scenarios (market trends, disruptions) through simulations

« Adapting in real-time using agentic Al and virtual process controllers

This shift requires a unified ecosystem merging physical retail, virtual simulations, structured

knowledge, and cognitive intelligence.

Current Challenges: Why Existing
Tools Fall Short

Retail technologies like digital twins, process simulations, and Al/ML applications (e.g.,
recommendation engines) are powerful but often operate in isolation, limiting their impact. Key
technical challenges include:

 Limited Foresight
Analytics reflect past data but struggle with novel scenarios without robust

simulation environments.

+ Disconnected Simulations

Offline models lack real-time grounding from digital twins, reducing accuracy.

+ Isolated Al
Narrow Al applications (e.g., CRM) miss system-wide context, optimizing local outcomes
at the expense of overall performance.

 Rigid Legacy Systems
POS and ERP systems hinder rapid adaptation to new channels or disruptions.

« Siloed Knowledge

Scattered data on products, customers, and regulations prevents deep system understanding.

©2025 LTIMindtree. All Rights Reserved. 4
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The Result: The Cost of
Disconnected Systems

« Significant annual losses from stockouts and overstock situations.

+ Weeks or months of lead times for launching new in-store experiences or adapting

fulfillment processes.

« Alow percentage of Al/ML projects in retail delivering scalable, transformative impact

due to integration challenges.

The Solution: A Sentient Retail Ecosystem

Sentient retail operations integrate four pillars to overcome these challenges:

1. Physical Reality and Digital Twin: Real-time data from stores, warehouses, and online

interactions feeds high-fidelity digital twins, modeling inventory, customer traffic, and staff activity.

2.Virtual Line Simulations: Dynamic, data-driven models of end-to-end retail processes (e.g., order
fulfillment, GxP compliance for FreshPulse) enable "what-if" analysis grounded in digital twin data.

3. Retail Knowledge Graph: A structured database using ontologies to define products, customers,
regulations (e.g., GxP, FDA 21 CFR Part 11), and supply chain constraints. Retrieval-augmented

generation (RAG) ensures Al queries this graph for contextual insights.

4. Cognitive Operations Engine (GUIDON - a LTIMindtree framework): An Al-driven layer with:
-Synthesizer: Optimizes decisions by balancing objectives, leveraging digital twin, knowledge

graph, and simulation inputs.

-Chronos Manager: Orchestrates temporal events, ensuring alignment with operational schedules.

-Scryer: Generates and evaluates future scenarios for predictive foresight.

5.Virtual Process Controllers: Edge-based controllers execute Al decisions, enabling rapid,

compliant actions (e.g., adjusting fridge temperatures for FreshPulse).

©2025 LTIMindtree. All Rights Reserved. 5
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The Retail Store: Virtual Lines for GxP &
CSV Compliance in Pharma Retail

This solution transforms retail into a self-aware, self-optimizing system (example of some high impact
ROl driven use cases) by a retail Virtual Line which is a dynamic, simulation environment that replicates
physical retail processes (e.g., inventory management, cold chain monitoring, recalls) to validate

compliance, optimize workflows, and mitigate risks before execution in the real world.

Key Components of the Virtual Line

Component Description Example in Novellum Retail

Digital Twin Real-time digital replica of retail assets Models parameter fluctuations
(shelves, fridges, POS systems). in FreshPulse storage.

Process Engine for running "what-if" scenarios Tests a product recall across

Simulator (e.g., recalls, label updates). 500 stores in minutes.

Knowledge Structured database of regulations (GxP, FDA  Links EU Annex 11 rules to label

Graph 21 CFR Part 11), SOPs, and historical data. change workflows.

Cognitive Engine Al layer that interprets simulations, Recommends quarantine

(GUIDON Retail) retrieves compliance data via RAG, and protocols for expired stock.

prescribes actions.

Virtual PLCs Software-defined controllers that execute Automatically adjusts storage
adjustments (e.g,, fridge temp changes). conditions for Tylenol.

GxP Compliance Engine

CSV Validation Layer

Virtual Line Core
Components

Primary BOM PLM Feedback & Control

Product Lifecycle Bill of Materials
Management Management

Alternate BOM

Knowledge Graph

. A A " Cognitive Engine -
Virtu Digital Twin Process Simulator GUIDON

Figure: Illustration of GxP, CSV validations with virtual line

MES Control &
Recipe Management

o I I
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Illustrative Use Case: GXP and CSV
Compliance for FreshPulse in a Sentient
Retail Operation

Let's consider FreshPulse Cool Mint
Antiseptic Mouthwash
(hypothetical example product).
As a health product, aspects of its
handling, storage, and sale fall
under Good Practice guidelines
(GSP, GDP), requiring quality control
and batch traceability. Computer
systems managing these aspects
require validation (CSV).

Virtual Line for FreshPulse
GXP/CSV Compliance:

The Virtual Line is a dynamic digital
replica of FreshPulse’s retail journey,
designed to simulate and test
processes in a risk-free environment.
It mirrors the flow of products, staff
actions, and system interactions,
ensuring GxP compliance (e.g., Good
Storage Practices, Good Distribution
Practices) and CSV for IT systems.

By integrating real-time data from
Digital Twins (e.g., store
temperature, batch arrivals) and
GxP rules from a Retail Knowledge
Graph, it delivers proactive

compliance and operational

excellence.

©2025 LTIMindtree. All Rights Reserved. 7



Components of the FreshPulse Virtual Line

The Virtual Line is built with key components that work together to simulate and optimize

FreshPulse processes:

« Process Modeler: Maps FreshPulse’s workflow, including goods receiving, batch verification,
temperature-controlled storage, shelf stocking, POS scanning, and returns, with embedded

GxP checkpoints.

« Simulation Engine: Runs the workflow, simulating time, staff/fequipment use, and triggers like

expiry dates or temperature breaches.

« Data Interface: Pulls GxP rules, storage specs, and batch details from the Knowledge Graph;
integrates live data (e.g., staff schedules, deliveries) from the Digital Twin.

« Scenario Injector: Tests compliance by introducing scenarios like incorrect batch documentation

or sensor failures.

+ Performance Analyzer & Visualizer: Tracks KPIs (e.g., time-to-shelf, documentation accuracy,

recall speed) and visualizes compliance status.
« Agent Simulator: Mimics staff (e.g., pharmacists checking batches) and Al agents (e.g., flagging
non-compliant inventory) using Knowledge Graph data.
The Virtual Line ensures compliance through a streamlined process:

1. Model the GxP Workflow:
Map FreshPulse’s process (e.g., cold chain handling) in the Process Modeler, embedding

Knowledge Graph rules.

2. Ground with Real-Time Data:

Start with current conditions (e.g., incoming batch, store temperature) from the Digital Twin.

3. Inject Test Scenarios:

Use Scryer to simulate challenges like a cold chain break or new CSV requirements.

4. Execute & Log:

Virtual FreshPulse units move through the process, with staff, sensors,

and IT systems interacting and logging actions as if real.
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Assets in the FreshPulse Virtual Line
The Virtual Line includes digital assets that replicate real-world elements:

« Virtual FreshPulse Units: Digital SKUs with batch IDs, manufacturing/expiry dates, and GxP storage

requirements from the Knowledge Graph.

« Virtual GxP Documentation: Simulated records for batch receipts, environmental logs,

staff training, and recall notices.

« Virtual Controlled Storage Zones: Modeled storage areas with simulated environmental

controls and sensors.

« Virtual Staff Avatars: Represent roles like Receiving Clerk or Pharmacist, with GxP training levels

and system access.

« Virtual IT Systems: Replicas of Inventory Management, POS, and Compliance Reporting systems
for CSV testing.

This unique Virtual Line ensures flawless compliance, slashes recall times, and empowers staff, unlocking
resilient supply chains and innovative business models. By simulating risks before they occur, retailers

avoid costly penalties, protect brand reputation, and build customer trust.

improves training. staff readiness.

Scenario GxP Focus CSV Focus Virtual Line Actions Impact
Environmental Ensure FreshPulse Validate sensors, Simulates storage zones Prevents fines; ensures
Controls " meets temperature/ | loggers, and alert *and HVAC failures; Al " GSP compliance;
(GSP/CSV) i humidity standards i systems. i queries GxP specs; tests IT i delivers audit-ready

1 (GSP). ! 1 system logging/alerts; 1 CSVevidence.

* recommends adjustments.
Batch ‘ Enable rapid recall ‘ Validate batch ‘ Simulates recall process; ‘ Cuts recall time by
Traceability - of FreshPulse - tracking/recall IT . Alidentifies batch - significant% resulting
& Recall - batches (GDP). . systems. ~ locations; tests IT system - inhuge savings
(GDP/CSV) - accuracy; optimizes SOPs. 1 annually; ensures

GDP/CSV compliance.
Staff Training i Ensure staff provide i Validate digital i Simulates customer i Boosts customer
& Customer | accurate FreshPulse | assistant/knowle | queries; Al retrieves | satisfaction by significant
Queries info (GIP). dge base systems. approved info; validates %; ensures GIP/CSV
(GIP/CSV) - IT system accuracy; . compliance; enhances

©2025 LTIMindtree. All Rights Reserved. 9
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Appendix: Hypothetical Datasets
for Scenarios

Below are hypothetical datasets for three key scenarios outlined in the document, illustrating the
tangible benefits of Virtual Line, GxP, and CSV validations in a retail context (e.g., for FreshPulse in a
pharmacy retail chain).

Scenario 1: Validation of Environmental Controls for FreshPulse
Storage (GSP/CSV)

» Context: Ensuring FreshPulse is stored within GSP temperature ranges (e.g., 15-25°C) and

validating IT systems for environmental monitoring.

» Hypothetical Dataset

Duration of
Excursion
(min)

StoreID Date Temperature (°C)

Action Compliance Cost Avoided
Taken Status )

S001 2025-05-01 30 60 Quarantine Compliant 10,000
& Retest
s 2050502 28 - 45 AdustHVAC  Compliant 8000
'S003 20250503 26 0 Momtor Compliant 5000
S004 20250504 32 %  DestoyBach Non-Compliant 15000

« Benefit: Proactive detection and correction of temperature excursions prevent regulatory fines
(e.g., $10,000-515,000 per incident) and ensure product efficacy.

©2025 LTIMindtre




Scenario 2: Validating Batch Traceability and Mock Recall Process (GDP/CSV)

» Context: Simulating a recall for a FreshPulse batch to validate batch tracking and

ensure rapid execution.

» Hypothetical Dataset

Batch ID Store Recall Time to Time to Cost of Reduction
Count Initiation Identify Complete Recall in Time
(Date) (min) Recall ) (%)
(min)
B123 500 2025-05-05 10 120 50,000 50%
B124 300 2025-05-06 8 100 30,000 55%
B125 200 2025-05-07 12 140 25,000 48%
B126 400 2025-05-08 9 110 40,000 52%

« Benefit: Reduces recall time by ~50% compared to traditional methods

(e.g., from 240 minutes to 120 minutes), minimizing financial and reputational damage.

Scenario 3: Validating Staff Training and Compliance for Customer Queries
(Good Information Practices/CSV)

» Context: Ensuring staff provide accurate FreshPulse information using a validated digital assistant system.

» Hypothetical Dataset

Store Query Staff System Training Customer

DETL] Response Validation Gaps Satisfaction
Accuracy (%)  Status Identified Score

S001 2025-05-10  Dosage Instructions 95 Validated 1 4.8/5

02 20250511  Sidefffects w0 Validated 2 55
S003 20250512  Storagenstructions 85 Notvalidated 3 a2
S004 20250513  ProductComparison 92 Validated 1 aas

« Benefit: : Improves staff response accuracy (e.g., from 80% to 95%) and customer satisfaction

(e.g., 4.2 t0 4.8/5), while validating IT systems for compliance.

©2025 LTIMindtree. All Rights Reserved. il
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Benefit Realization

To visualize the tangible benefits across the three scenarios, the following chart illustrates the cost
savings and time reductions achieved through sentient retail operations using Virtual Line, GxP, and
CSV validations. The chart compares traditional retail methods (baseline) with sentient operations.
The line chart illustrates the non-linear evolution of the Virtual Line’s Performance Index over time,
reflecting the dynamic process of sentient retail operations for a retailer manufacturer

(e.g., FreshPulse):

Virtual Line Evolution: Learning to Benefits for Retailer Manufacturers
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Behavioral analysis

» Regulatory Fines Avoided
Traditional retail incurs ~$50,000 in fines due to non-compliance
(e.g., temperature excursions). Sentient operations reduce this to S0 through proactive

Virtual Line simulations and GxP/CSV compliance.

+ Recall Time Reduction
Traditional recalls take ~240 minutes, while sentient operations cut this to ~120 minutes

(50% faster) due to digital tracing and simulation.

o Customer Satisfaction Improvement
Traditional retail achieves a satisfaction score of ~4.0/5, while sentient operations improve this

to ~4.7/5 through validated staff training and accurate information delivery.
The fluctuating journey culminates in tangible benefits

« Cost Savings: Zero fines (e.g., avoiding $10,000-515,000 per temperature excursion) and reduced
recall costs (e.g., $50,000 to $25,000 per event).

« Time Efficiency: Recall times reduced by ~50% (e.g., from 240 to 120 minutes)
through digital tracing.

« Compliance and Agility: Self-validating CSV documentation and adaptive operations ensure

regulatory compliance and rapid response to disruptions.

 Customer Satisfaction: Improved staff training and accurate information delivery boost
satisfaction scores (e.g., from 4.0 to 4.7/5).

« Manufacturing Alignment: Integration with PLM ensures production aligns with retail demands,
reducing stockouts and overstock.

This chart captures the iterative, adaptive nature of the Virtual Line, showing how it navigates

challenges to deliver KQI improvements and create transformative value to retailer manufacturers
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Key Quality Indicators (KQIs)
for GxP/CSV Performance

The following table provides a hypothetical insight on how the KQIs can be improved based on above.

Actual (Simulated GxP/CSV Implication
Metric YTD for FreshPulse & CTO Value

GxP/CSV Program)

| | |
Avg. Time for PLM ! <8hours ! 3.5hours ! Faster, compliant product updates. Reduced
Change GxP & CSV Impact | | 1 GxP risk from changes. Lower CSV overhead.
Assessment (Virtual) | | |

! ! !
Avg. Time for Alternate . <4hours | 18hours ' Enhanced supply chain agility with robust
BOM GxP/CSV Virtual 3 3 3 GxP/CSV assurance. Minimized disruption impact.
Validation & Approval ! ! !
- o o
Virtual GxP/CSV Validation 1 >98% | 99.2% ' High confidence in GxP/CSV compliance.
Test Automation Coverage | : ' Reduced manual testing &human error.

! ! ! Scalable validation.
”””””””””” 2
GxP Exception Rate in - <0.5% . 0.18% " Proactive identification & mitigation of potential
Virtual Production Runs ; ; ' GxP deviations. Higher first-pass quality.
(Pre- fysisk) | | |
e P e it bbbt
Automated CSV 3 <2 hours 3 0.75 hours 3 Significant reduction in CSV documentation
Documentation Generation | ! ! effort. Audit-ready evidence on demand.
Time per Validation Cycle | | |
7777777777777777777 e
Reduction in >75% O NJA (Target for . Substantial decrease in real-world GxP
Post-Implementation GxP ' physical deployment I compliance risks, recalls, and associated costs.
Deviations (Projected) | | comparison) |
Cost of GxP/CSV <30% Trad Est. 25% of Traditional Demonstrable ROI through significantly lower

Validation per Change
(Virtual vs. Traditional)

cost of GxP and CSV compliance.

©2025 LTIMindtree. All Rights Reserved. 14
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Conclusion

Our sentient framework delivers self-optimizing systems that virtually eliminate GxP/CSV compliance
risks and delays. Through Al-driven 'Virtual Lines, we ensure proactive validation, drastically reducing
fines and recall times while boosting agility and resilience. This isn't just about solving today's
challenges; it's about unlocking future innovation and market leadership.
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