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Agenda: Digital Transformation Journey

Digital Twin Foundations

Understanding the technology revolutionizing supply chain
management and delivering unprecedented operational improvements
across global networks

3

Rust-Powered Infrastructure

Leveraging Rust's memory safety, zero-cost abstractions, and fearless
concurrency to enable next-generation supply chain systems that
process high-velocity data with microsecond precision

2

Variance-Based Route Optimization

Exploring strategies that prioritize consistency over speed, improving
shipment tracking accuracy and identifying routes with reduced transit
time variance

Implementation & RO

Practical strategies for integrating digital twins with measurable returns,
including data integration requirements, algorithm optimization, and
change management approaches

Today's session will provide you with actionable insights into how leading organizations are achieving transformative results through these advanced

implementations, with documented metrics and real-world case studies demonstrating substantial ROI.



Digital Twin Technology: Transforming Supply Chain
Control Towers

Digital twins are creating virtual replicas of physical supply chains, enabling unprecedented
visibility and control. Organizations implementing this technology in control towers are
experiencing:

Time-to-Market Reduction Design & Development
Savings

30-45% faster product launches

through simulated supply chain $2-5M average cost reduction in new

testing and optimization before product introduction by identifying and

physical implementation mitigating supply chain constraints
virtually

Operational Efficiency

15-25% improvement in resource utilization through Al-powered scenario planning

and dynamic allocation

Modern digital twin implementation in a supply chain
This technology represents a paradigm shift from reactive to proactive supply chain control tower environment, showing real-time monitoring

management, with real-time digital replicas enabling continuous optimization and of global operations

automated exception handling.



Case Study: Variance-Based Route Optimization

Prioritizing Consistency Over Speed

Traditional route optimization focuses primarily on minimizing transit time or cost. Our
research with leading global shippers demonstrates that variance reduction delivers
superior outcomes:

Shipment Tracking G Route Variance
Accuracy Identification

Improved by 37% through consistent Advanced algorithms identified
transit times, enabling precise shipping lanes with 42% lower
inventory planning and reduced transit time variance despite similar
safety stock requirements average transit times

D Inventory Cost Reduction

$3.2M annual savings achieved by a Fortune 500 manufacturer by reducing safety
stock levels made possible through more predictable deliveries

Global maritime shipping routes optimized for consistency

using variance-based algorithms Implementing these strategies requires sophisticated digital twin models that can simulate
thousands of potential route permutations while accounting for historical variance patterns.



Rust: The Foundation for Next-Generation Supply Chain

Infrastructure

Memory Safety

Eliminates entire classes of bugs through
ownership model, preventing memory leaks in
long-running supply chain monitoring
applications

Cross-Platform Deployment

WebAssembly compilation allows Rust-
powered analytics to run efficiently from
embedded shipping sensors to cloud data
centers

Zero-Cost Abstractions

High-level programming constructs with C-level
performance, enabling complex algorithm
execution with minimal overhead

Fearless Concurrency

Thread-safe code without data races, crucial
for processing high-velocity loT sensor data
from thousands of supply chain touchpoints

These capabilities make Rust uniquely suited for supply chain applications requiring both reliability and performance. While Python remains popular for data

science, Rust is increasingly the choice for production systems processing mission-critical supply chain data where failure is not an option. Leading

organizations are now implementing hybrid architectures where Python prototyping feeds into Rust-based production services.

The result: systems capable of microsecond-level precision while maintaining reliability under extreme operational loads - essential for modern digital twin

implementations processing thousands of data points per second.



Technical Deep Dive: How Rust Enables Advanced
Supply Chain Capabillities

System Architecture Benefits Performance Characteristics

Ownership Model

Eliminates memory leaks in long-running supply chain monitoring
applications, critical for 24/7 operations

fn process_container_data(container: Container) {
// Data ownership transferred, preventing use-after-free
let telemetry = container.extract_telemetry();
// Container deallocated automatically when no longer
needed

}

Trait System

Enables modular algorithm composition for route optimization
through polymorphic interfaces without runtime overhead

trait RouteOptimizer {

fn optimize(&self, network: &Network) -> Vec;

} . . :

Rust's performance profile compared to traditional supply chain systems:
// Multiple implementations with zero runtime cost e Latency: 95th percentile response times reduced from 250ms to 3.2ms
struct VarianceBasedOptimizer { ... } in container tracking applications

impl RouteOptimizer for VarianceBasedOptimizer {... } e Throughput: Single server capacity increased from 5,000 to 120,000

events/second for 10T sensor data ingestion

* Memory Usage: 78% reduction in RAM requirements for equivalent
workloads compared to JVM-based systems

e Cold Start: 50-150ms startup time for containerized microservices vs.
5-10 seconds for traditional applications

These characteristics enable real-time processing of massive telemetry
streams from shipping containers, warehouse automation systems, and
fleet management sensors without compromising stability.



Implementation Strategy: Digital Twin Deployment

S

Data Integration

Connect thousands of data sources processing

10K+ data points per second using Rust's

async runtime

ERP/WMS integration via APl gateways

loT sensor networks with sub-second
latency

Third-party logistics provider data feeds

Weather and external disruption sources

@

Algorithm Optimization

27% improvement in predictive maintenance

accuracy through high-performance

computational pipelines

Parallel processing of simulation scenarios
GPU acceleration for complex modeling
Gradient-based optimization techniques

Model calibration with historical data

Change Management

92% successful deployment rate through

structured organizational transformation

Skills development program for digital
literacy

Process redesign aligned with technology
Phased implementation with quick wins

Executive sponsorship and clear KPIs

Our research indicates organizations that excel in all three dimensions achieve 3.2x greater ROI from digital twin implementations compared to those
focusing solely on technology. The most successful implementations blend technical excellence with organizational transformation, ensuring the human

systems evolve alongside the technological systems.

Early quick wins build momentum: Target a high-visibility process with manageable scope for your initial digital twin deployment to demonstrate value and
build organizational buy-in.



Maritime Industry Application: Case Study Results

Digital Twin Implementation at Global Shipping Company

Challenge:

A leading maritime logistics provider faced increasing pressure to reduce
costs and environmental impact while improving delivery reliability across
their fleet of 147 container vessels.

Solution:

Implementation of digital twin technology powered by Rust-based edge
computing, enabling:

e Real-time monitoring of 1,200+ parameters per vessel

e Dynamic route optimization accounting for weather, currents, and port
congestion

e Predictive maintenance scheduling based on equipment telemetry

e Fuel consumption optimization through Al-powered propulsion settings

Technical Architecture:

Edge computing nodes deployed on vessels process sensor data locally,
with Rust providing the performance and reliability needed in maritime
environments:

e 5ms processing time for critical sensor readings
e 99.997% system uptime despite challenging network conditions

e 8MB memory footprint enabling deployment on existing hardware

e Data compression reducing satellite transmission costs by 76%

Results:
o 8 O
18.4% 12.3%
Operational Cost Fuel Efficiency
Reduction Improvement

32%

Reduced Maintenance
Downtime



Multi-Billion Dollar Market Opportunity

60

Emerging Technology Integration

Leading organizations are now combining digital twins
with quantum computing for breakthrough capabilities:
40

Quantum Computing Integration

93% reduction in complex system calibration time,
with Rust serving as the systems programming

A foundation for quantum-classical hybrid algorithms

Machine Learning Enhancement

|
chez 202 202 Az 2026 2027 Advanced ML models built on Rust's scientific

The digital twin market in supply chain is growing at a CAGR of 37.4%, driven by increasing com.pu.ting ccosystemiachieveid7s hi.g.her dSUier
pressure for operational efficiency, resilience, and sustainability. Organizations that delay orreglieition eeelEe) eoim pelred i ielitons] Mmeiiot s

implementation risk competitive disadvantage as early adopters realize compound benefits

from accumulated data and optimized algorithms. Early movers in this space are realizing competitive
advantages through capabilities that were technically
impossible just 24 months ago. The integration of these
technologies represents the next frontier in supply chain
optimization.



Real-Time
Optimization

21% reduction in inventory
holding costs through
dynamic safety stock
adjustments based on real-
time supply chain conditions
and variance predictions

Implementation timeframe:
4-6 months

Typical payback period: 9-12
months

Measurable Benefits: Digital Twin ROI

Dynamic Routing
Algorithms

17.3% reduction in
transportation costs through
Rust-implemented
algorithms processing 50K+
routing permutations per
second with sub-millisecond
latency

Implementation timeframe:
3-5 months

Typical payback period: 6-8
months

Advanced Analytics

42% improvement in forecast
accuracy through high-
throughput data processing
pipelines handling terabytes
of historical and real-time
data with minimal
infrastructure costs

Implementation timeframe:
5-7 months

Typical payback period: 10-
14 months

These benefits compound over time as digital twins continuously learn and improve. Organizations typically see additional 7-12% performance
improvements year-over-year as algorithms refine and more data becomes available. The key to maximizing ROl is implementing a comprehensive
measurement framework aligned with business objectives from the outset.



Implementation Roadmap: 1I8-Month Transformation
Journey

Months 1-3: Foundation Months 7-12: Expansion
e Technology stack selection and Rust expertise e |oT sensor deployment and real-time data
acquisition integration
e Data integration strategy and connectivity e Advanced algorithm implementation in Rust
assessment « Control tower establishment with exception
e Digital twin scope definition and success metrics automation
* Pilot process selection and baseline measurement e First major ROl measurement and refinement
1 2 3 4
Months 4-6: Initial Deployment Months 13-18: Optimization
e Limited-scope digital twin implementation e Al/ML enhancement of digital twin capabilities
e Core data integration with ERP and WMS systems e External partner integration and visibility expansion
e Development of basic simulation capabilities e Advanced scenario planning and what-if analysis
e User training and initial feedback collection e Full autonomous optimization capabilities

This phased approach balances quick wins with long-term transformation. Organizations that follow this structured methodology report 2.7x higher success
rates than those pursuing more aggressive timelines. Critical success factors include maintaining executive sponsorship throughout the journey,
establishing clear governance structures, and implementing robust change management practices alongside technical deployment.



Key Takeaways & Next Steps
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Digital Twin Technology Is Transformative

Supply chain digital twins deliver documented improvements in time-to-market (30-45%),
development costs (S2-5M savings), and operational efficiency (15-25%) through
unprecedented visibility and control

s

Variance-Based Optimization Outperforms Traditional
Approaches

Focusing on consistency rather than speed delivers superior results, with 37% improvements
in tracking accuracy and significant inventory cost reduction ($3.2M annually for Fortune 500
case study)
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Rust Provides the Essential Technical Foundation

Memory safety, zero-cost abstractions, and fearless concurrency enable next-generation
supply chain infrastructure processing high-velocity data with microsecond-level precision

— 00—

Implementation Requires Holistic Approach

Success depends on excellence across data integration, algorithm optimization, and change
management, with organizations excelling in all three dimensions achieving 3.2x greater ROI

Next Steps

1.

Conduct a digital maturity assessment to
identify your organization's readiness for digital
twin implementation

Identify high-value pilot opportunities with clear
KPIs and measurable ROl potential

Develop a technical skills roadmap including
Rust programming capabilities

Establish data governance frameworks to
support digital twin initiatives

Create an executive steering committee to

guide transformation efforts



