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DHL Supply Chain – Comprehensive Data Warehousing Report (Expanded Version)
Task 1: Understanding OLTP, Data Warehousing, and Analytical Needs
1.1 OLTP vs Data Warehouse
DHL Supply Chain, a division of Deutsche Post DHL Group, operates one of the most sophisticated logistics networks in Europe and globally. The company manages an extensive array of services including warehousing, transportation, value-added logistics, and specialized solutions for clients in sectors such as retail, e-commerce, pharmaceuticals, automotive, consumer goods, and life sciences.
To manage day-to-day operations, DHL relies on multiple Online Transaction Processing (OLTP) systems, including:
· Warehouse Management Systems (WMS): Track inventory, picking, packing, storage locations, put-away operations, and staff allocation across hubs 
· Transportation Management Systems (TMS): Monitor fleet movements, GPS location tracking, fuel consumption, delivery confirmations, and route planning 
· Order Management Systems (OMS): Capture client orders, manage delivery schedules, enforce SLA rules, and coordinate stock allocation across warehouses 
· Financial Systems: Manage invoicing, cost tracking, revenue recognition, and profitability analysis 
These OLTP systems are critical in major hubs such as:
· Daventry (Midlands, UK): Processes over 100,000 parcels daily during peak e-commerce periods, including inbound goods from suppliers across the UK and EU. The WMS coordinates more than 5,000 SKUs, while the TMS tracks outbound shipments to multiple retail networks. 
· Heathrow Logistics Park (Greater London, UK): Handles high-value pharmaceuticals and urgent air freight shipments. Peak daily throughput can reach 25,000 packages, with strict SLA windows and temperature-controlled handling. 
· Eurocentral, Glasgow (Scotland, UK): Manages industrial and manufacturing logistics, including Just-in-Time deliveries for automotive clients. Inventory accuracy and precise timing are critical to prevent production delays. 
· Düsseldorf (Germany): Central European hub for automotive components, coordinating cross-border deliveries into Eastern Europe. Over 1,200 shipments daily require complex customs clearance and route optimization. 
· Rotterdam (Netherlands): Key ocean freight gateway specializing in chemical and bulk goods storage, with advanced cross-docking operations. Manages containerized cargo and coordinates with 3PL partners. 
· Lyon (France): Focused on fresh produce and cold chain logistics, serving grocery retailers across Southern Europe. Temperature-sensitive items are tracked continuously from warehouse to store delivery. 
OLTP systems are designed for speed and accuracy in transactional processing. For example:
· When a pallet is scanned at Daventry, the WMS immediately updates inventory levels, triggers replenishment requests if stock is low, and informs the OMS to proceed with order allocation. 
· When a truck departs Heathrow with expedited pharmaceutical shipments, the TMS logs driver, vehicle, route, estimated arrival time, and monitors real-time GPS data. Any deviations trigger automated alerts to the operations team. 
These systems use highly normalized relational databases: data is split into multiple tables to minimize redundancy and ensure integrity. However, this structure is not optimized for analysis. Queries that combine shipment data from TMS, warehouse metrics from WMS, and financial results from the billing system are slow and computationally intensive.
Without a centralized repository:
· Identifying bottlenecks across multi-hub supply chains is time-consuming 
· SLA compliance and client-specific performance metrics are difficult to calculate in real-time 
· Profitability analysis across service types or regions requires manual aggregation 
· Strategic forecasting, such as anticipating peak e-commerce demand or adjusting for Brexit-related disruptions, is hindered 
A data warehouse solves these problems by consolidating data from OLTP systems into a central repository optimized for reporting and analysis, storing historical data and supporting complex queries.
Benefits for DHL include:
· Operational insight: Track warehouse utilization trends in Daventry, Heathrow, or Lyon over months or years 
· Financial visibility: Compare profitability of standard vs premium express services, factoring in fuel, labor, and SLA penalties 
· Proactive decision-making: Predict shipment delays on cross-border routes, optimize inventory placement, and adjust staffing levels 
· Client satisfaction: Monitor SLA adherence per client, identify recurring issues, and implement corrective actions 
Example Scenario: A shipment of automotive components moves from Düsseldorf to Lyon via Rotterdam. Without a data warehouse, retrieving combined data from TMS (route details), WMS (inventory), and finance (shipment cost) would take multiple manual queries across different systems. With a warehouse, the shipment record is integrated, enriched with calculated metrics such as delivery delay and cost per unit, and immediately available for reporting.
This transformation enables DHL management to move from reactive issue resolution to data-driven strategic planning, a crucial capability in competitive and rapidly changing logistics markets.

1.2 Data Warehouse Architecture & ETL
A data warehouse architecture provides a structured framework for integrating DHL’s fragmented data landscape into a single analytical platform. The architecture typically consists of three layers: source systems, ETL (Extract, Transform, Load), and data storage/data marts.

[image: ]
1. Source Systems
DHL’s data originates from both internal operational systems and external sources:
· Internal Systems: 
· WMS: Inventory levels, storage location, pick-and-pack metrics, inbound/outbound shipments, warehouse staff allocation 
· TMS: Fleet data, vehicle type, GPS tracking, route efficiency, fuel consumption, maintenance schedules 
· OMS: Order capture, requested vs actual delivery dates, SLA tracking, client prioritization 
· Financial Systems: Billing, invoicing, revenue, costs, and profit margin per client and shipment 
· External Systems: 
· Customs databases: Necessary for cross-border shipments and compliance 
· Client portals: Order and service data, enabling SLA monitoring 
· Third-party logistics (3PL) providers: Ocean freight, air freight, or specialized handling data 
2. ETL Layer (Extract, Transform, Load)
The ETL process ensures that raw data is collected, cleaned, standardized, and enriched before being loaded into the warehouse.
· Extract: Data is retrieved from WMS, TMS, OMS, financial systems, and external APIs in multiple formats (CSV, XML, JSON, API feeds) 
· Transform: 
· Standardize units (weight in kg, volume in m³, currency in EUR/GBP) 
· Remove duplicate shipment records 
· Calculate derived metrics (e.g., delivery delay = actual – planned, SLA compliance percentage) 
· Enrich with additional attributes (e.g., carbon emissions per shipment, cost per route, revenue per client) 
· Load: Cleaned and enriched data is loaded into the warehouse using incremental or scheduled batch updates. This avoids disruption to OLTP operations. 
Example: A pharmaceutical shipment moves from Daventry to Heathrow. Data from WMS (picking time, storage location), TMS (route, transit time), and OMS (order details, SLA) is merged into a single record, enriched with delay metrics, fuel cost, and SLA compliance percentage, and stored in the warehouse.
3. Data Warehouse and Data Marts
The central warehouse stores integrated, historical data for analysis. From this, data marts are created for specific departmental needs:
· Executive/Operations Data Mart: On-time delivery rates, warehouse utilization, route efficiency 
· Finance Data Mart: Revenue, cost, and profit analysis 
· Client/Marketing Data Mart: Customer behavior, SLA adherence, segmentation 
This design provides consistency, scalability, and focused access for various users, while allowing complex trend analysis across multiple hubs and services.

1.3 Data Marts for Management Decision-Making
Executive Data Mart (Managing Director)
· KPIs include on-time delivery rates across all UK and EU hubs, warehouse utilization, fleet efficiency, and route performance 
· Example: Identify that cross-border shipments from Rotterdam to Lyon have a 7% higher delay rate compared to standard routes, prompting resource reallocation 
Finance Data Mart (Finance Director)
· Tracks revenue per shipment and service type, operational costs (fuel, labor, customs), and profit margins 
· Example: Analyze whether premium express services from Heathrow generate sufficient margin relative to operational costs, influencing pricing and contract strategy 
Client Data Mart (Sales & Marketing Director)
· Provides insights on order frequency, SLA compliance, client profitability, and seasonal trends 
· Example: Identify clients experiencing repeated SLA breaches, enabling proactive engagement to improve retention 
Data marts ensure targeted insights for each department, eliminating the need to query the entire warehouse.

1.4 OLTP Normalization vs Dimensional Modeling
OLTP systems use normalized tables to reduce redundancy and maintain integrity, but queries often require complex joins.
Data warehouses use dimensional modeling, typically a star schema, optimized for reporting and analysis.
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Fact Table: Shipment_Data
· Metrics: delivery delay, shipping cost, revenue, weight, volume, carbon emissions 
Dimension Tables:
· Client_Info: client ID, sector, contract type 
· Time_Dim: date, month, quarter, year 
· Route_Details: origin, destination, distance, hub type 
· Vehicle_Info: vehicle ID, type, capacity, maintenance schedule 
· Service_Type: standard, express, premium, special handling 
This structure enables queries such as:
“What is the average delivery delay for express shipments from Heathrow during Q1?”
Dimensional modeling simplifies queries, supports trend analysis, and provides faster reporting, essential for proactive management.
ask 2: Designing DHL’s Data Warehouse and Implementation Plan
2.1 Source System Identification
The success of a data warehouse depends on comprehensive source system coverage. DHL Supply Chain’s UK & European operations generate massive volumes of transactional data from multiple internal and external systems.
Internal Data Sources:
· Order Management System (OMS): Captures client orders, requested delivery dates, SLA requirements, and special handling instructions. It is the entry point for all client interactions and order fulfillment. 
· Warehouse Management System (WMS): Monitors inventory levels, storage location, inbound/outbound shipments, picking/packing times, staff allocations, and warehouse space utilization. Critical hubs include Daventry, Lyon, and Glasgow. 
· Transportation Management System (TMS): Records vehicle routes, GPS tracking, driver details, fuel consumption, maintenance schedules, and delivery confirmations across road, air, and ocean freight. Heathrow, Düsseldorf, and Rotterdam provide high-frequency data for these systems. 
· Financial Systems: Includes invoicing, cost tracking, revenue reporting, profitability metrics, discounts, surcharges, and billing adjustments. 
External Data Sources:
· Customs Databases: Provide import/export compliance data, duties, and clearance status for cross-border shipments. 
· Client Portals: Deliver real-time order and service data, SLA notifications, and client-specific KPIs. 
· Third-Party Logistics Providers (3PLs): Include shipment tracking, cross-docking operations, and ocean/air freight handling data. 
Integrating these sources ensures the data warehouse provides a 360-degree view of DHL’s supply chain operations, covering order, warehouse, transport, finance, and customer service data.

2.2 Star Schema Design
The central star schema provides a simplified, high-performance structure for analytics, with a fact table capturing measurable metrics and dimension tables providing context.
Fact Table: Shipment_Data
· Each record represents a shipment event. 
· Measures include: 
· Delivery_Delay (actual - planned) 
· Shipping_Cost 
· Revenue 
· Weight and Volume 
· Carbon_Emission (per shipment) 
· SLA_Compliance (percentage) 
· Handling_Time (warehouse pick/pack/put-away times) 
Dimension Tables:
1. Client_Info 
· Client_ID, Industry_Sector, Contract_Type, SLA_Tier, Priority_Level 
· Supports profitability and client segmentation analysis 
2. Time_Dim 
· Date, Day_of_Week, Month, Quarter, Year, Fiscal_Year 
· Enables trend analysis, seasonal performance evaluation, and KPI monitoring 
3. Route_Details 
· Origin_Hub, Destination_Hub, Distance_km, Transit_Mode, Region 
· Allows hub-to-hub performance comparison, route optimization, and cross-border analysis 
4. Vehicle_Info 
· Vehicle_ID, Type (van, truck, reefer, container), Capacity, Maintenance_Status 
· Supports fleet utilization, cost efficiency, and predictive maintenance 
5. Service_Type 
· Standard, Express, Premium, Special Handling, Cold Chain, Hazardous Materials 
· Allows differentiation of operational costs, revenue, and SLA adherence by service 
6. Warehouse_Info 
· Warehouse_ID, Location, Hub_Type (retail, pharmaceutical, industrial), Storage_Capacity 
· Supports warehouse utilization analysis, operational bottleneck identification, and staffing optimization 
Aggregated Data Tables:
· Monthly_Shipment_Summary: Average delivery delays, total shipments, total revenue, and total operational cost per hub, service type, and client segment. 
· Fleet_Performance: Fuel consumption, mileage, average delivery time, and carbon emissions per vehicle type. 
Example Query:
"Calculate average delivery delay and associated revenue for premium express shipments from Heathrow to Düsseldorf over the last 12 months."
This query joins Shipment_Data with Time_Dim, Route_Details, Vehicle_Info, and Service_Type dimensions, providing a detailed performance overview in seconds instead of hours.

2.3 Data Marts and Schema
Data marts allow departmental users to access only relevant data, improving performance and usability.
1. Operations Data Mart
· Focus: logistics performance and warehouse productivity 
· Schema derived from central warehouse star, containing: 
· Fact: Shipment_Data (delivery delay, handling time, SLA compliance) 
· Dimensions: Time_Dim, Route_Details, Vehicle_Info, Warehouse_Info 
· Use case: Identify underperforming routes, monitor warehouse pick/pack efficiency, optimize staffing 
2. Finance Data Mart
· Focus: revenue, costs, and profit margin analysis 
· Schema includes: 
· Fact: Shipment_Data (shipping cost, revenue, carbon cost, surcharges) 
· Dimensions: Client_Info, Time_Dim, Service_Type 
· Use case: Compare profitability of standard vs premium services, assess cost drivers by client and region 
3. Client/Marketing Data Mart
· Focus: SLA compliance, customer retention, and behavior analytics 
· Schema includes: 
· Fact: Shipment_Data (SLA compliance, on-time deliveries, order frequency) 
· Dimensions: Client_Info, Time_Dim, Service_Type 
· Use case: Identify clients with repeated SLA breaches, plan marketing campaigns, or adjust service levels 
Benefit: Each department queries only relevant metrics while maintaining data consistency across the organization.

2.4 ETL Plan
The ETL process is critical to ensure data is accurate, consistent, and ready for analysis.
Step 1: Extract
· OMS, WMS, TMS, financial systems, customs, client portals, and 3PL databases 
Step 2: Transform
· Clean duplicates and errors (e.g., repeated shipment IDs, incorrect timestamps) 
· Standardize units: weight (kg), volume (m³), currency (GBP/EUR) 
· Enrich data: calculate delivery delays, SLA compliance, fuel cost per km, carbon emissions 
· Aggregate for summary tables (monthly hub performance, fleet KPIs) 
Step 3: Load
· Incremental loading daily to avoid disruption of operational systems 
· Historical data migration for trend analysis and KPI benchmarking 
Example: Daily ETL process captures all shipments from Daventry, Heathrow, Lyon, and Rotterdam, calculates SLA compliance and carbon emissions, and updates warehouse tables for management dashboards.

2.5 Data Quality & Governance
High data quality and governance are essential for accurate reporting and regulatory compliance.
Key Considerations:
· Accuracy: Verify shipment, financial, and client data through automated validation 
· Consistency: Standardize formats, naming conventions, and units across all systems 
· Completeness: Ensure all mandatory fields are captured (client ID, hub, service type, delivery time) 
· Compliance: GDPR and cross-border data regulations enforced for client and shipment information 
· Access Control: Role-based permissions to protect sensitive financial and client data 
Regular audits, ETL validation rules, and monitoring dashboards ensure data integrity and reliability.

Summary of Implementation Benefits
1. End-to-End Visibility: Integrated data across WMS, TMS, OMS, and financial systems 
2. Performance Monitoring: KPI dashboards for on-time delivery, warehouse utilization, fleet efficiency, and client SLA adherence 
3. Strategic Decision-Making: Trend analysis for peak seasons, Brexit impact, e-commerce growth, and sustainability initiatives 
4. Financial Insights: Profitability by client, service type, and hub to inform pricing and contract negotiations 
5. Operational Optimization: Identify bottlenecks in warehouses, routes, or fleet, enabling proactive management 
The data warehouse empowers DHL UK & European operations to transition from fragmented reporting to a single, unified, data-driven environment, enhancing efficiency, client satisfaction, and strategic growth.










In conclusion, the implementation of a data warehouse within DHL Supply Chain’s UK and European operations represents a significant step towards achieving a fully integrated and data-driven logistics environment. While existing OLTP systems such as WMS, TMS, and OMS are essential for managing day-to-day transactional activities, they are not designed to support complex analytical queries or long-term strategic decision-making.
By consolidating data from multiple internal and external sources into a centralized data warehouse, DHL can gain a comprehensive and consistent view of its operations across different hubs, regions, and service types. The use of ETL processes ensures that data is clean, standardized, and enriched, enabling accurate and reliable analysis. Furthermore, the adoption of dimensional modelling through a star schema significantly improves query performance and simplifies data access for business users.
The introduction of specialized data marts tailored to executive, financial, and client-focused functions allows decision-makers to access relevant insights quickly and efficiently. This enhances the organisation’s ability to monitor key performance indicators such as delivery performance, warehouse utilisation, cost efficiency, and SLA compliance.
Ultimately, the data warehouse enables DHL to transition from reactive operational management to proactive, strategic planning. It supports improved decision-making, increased operational efficiency, enhanced customer satisfaction, and stronger financial performance. As the logistics industry continues to evolve, particularly with the growth of e-commerce and sustainability requirements, the ability to leverage data effectively will remain a critical competitive advantage for DHL Supply Chain.
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