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[bookmark: _Toc225447854]Introduction
In today’s logistics industry, organisations such as DHL Supply Chain operate in highly complex and data-intensive environments, where efficiency, speed, and accuracy are critical to maintaining competitive advantage. DHL manages large volumes of operational data generated from multiple systems, including order processing, warehouse operations, transportation management, and financial activities. However, as highlighted in the case study, this data is often fragmented across different platforms, making it difficult to obtain a unified view of performance across the organisation.
Data warehousing offers a strategic solution to this problem by combining data from multiple operational systems into a centralised repository for analysis and decision-making. Unlike traditional transaction processing systems, which are focused on real-time operations, a data warehouse allows organisations to analyse historical data, identify trends, and support data-driven managerial decisions. This is especially important for DHL, as improving logistics efficiency, monitoring service level agreements (SLAs), and cost optimisation necessitate a comprehensive and consistent view of data across regions.
This report explores how a data warehouse can be designed and implemented to support DHL Supply Chain’s UK and European operations. It begins by examining the key differences between operational systems and data warehouses, followed by an analysis of data warehouse architecture, data marts, and dimensional modelling. The second part of the report focuses on the practical design of a suitable data warehouse solution, including schema design, ETL processes, and data governance considerations. Overall, the aim is to demonstrate how a well-designed data warehouse can enhance operational visibility, improve decision-making, and support long-term strategic growth. [1] [2]







1.1 [bookmark: _Toc225447855]OLTP vs Data Warehouse
DHL Supply Chain already uses a number of operational systems to support its day-to-day logistics activities, including the Order Management System (OMS), Warehouse Management System (WMS), and Transport Management System (TMS). These systems are examples of Online Transaction Processing (OLTP) systems, as they are intended to capture and process large volumes of routine transactions in real time. For example, when a new customer order is received, goods are scanned in a warehouse, or a vehicle dispatch is updated, the data is processed immediately to allow operations to continue without interruption. OLTP systems are designed specifically for speed, accuracy, and high transaction throughput.

The main purpose of OLTP systems is to support the smooth running of daily business processes. They are usually highly structured and normalised to reduce data duplication and maintain data integrity. However, while OLTP systems are efficient for operational tasks, they are not ideal for wider business analysis. In DHL’s case, separate systems may contain shipment, warehouse, transport, financial, and client data, but these data sources are fragmented and difficult to integrate for strategic reporting. [3]

A data warehouse, in contrast, is intended for analysis rather than transaction processing. It collects data from various operational systems, consolidates it into a single central repository, and stores current and historical data in a format suitable for reporting and decision-making. [1], [2] Unlike OLTP systems, data warehouses are designed to handle complex queries, trend analysis, and performance monitoring across multiple business areas. DHL's managers would be able to better identify patterns, compare performance across regions, monitor service level agreements (SLAs), and analyse delivery costs.

In simple terms, OLTP answers operational questions such as “Has this shipment been dispatched?”, while a data warehouse answers strategic questions such as “Which distribution centres have the highest delay rates?”. Therefore, investing in a data warehouse would help DHL move from fragmented operational data towards a single source of truth, enabling more informed, data-driven decision-making and improved logistics efficiency. [4]






1.2 [bookmark: _Toc225447856]Data Warehouse Architecture & ETL
A data warehouse architecture is a structured approach to collecting, storing, and analysing data from multiple operational systems within an organisation. DHL Supply Chain generates data across several platforms, including the Order Management System (OMS), Warehouse Management System (WMS), Transport Management System (TMS), and financial systems. A well-designed data warehouse architecture integrates these sources into a single environment to enable consistent and reliable decision-making. [1], [2]

A data warehouse's architecture is typically structured in layers. The first layer consists of source systems, which generate raw data. DHL uses operational systems to handle customer orders, inventory movements, delivery tracking, and financial transactions. These systems are optimised for daily operations, but they are not intended for analytical processing.

The staging layer is the next step, where data is temporarily stored following extraction. In this layer, data is cleaned, validated, and ready for further processing. For example, duplicate records can be removed, missing values corrected, and data formats standardised. This step is critical for ensuring data quality and consistency before it is loaded into the data warehouse. [3]

Following that, the data is transferred to the data warehouse layer, which serves as a centralised repository. Data is organised using structures such as fact and dimension tables, making it suitable for analysis. Unlike operational systems, the data warehouse stores both current and historical data, allowing DHL to analyse long-term trends such as delivery performance across regions or time periods. [2]

The final layer is the presentation layer, which allows users to interact with data. This includes dashboards, reports, and business intelligence tools like Power BI and Tableau. Managers can use these tools to track key performance indicators (KPIs), identify inefficiencies, and make sound decisions based on accurate data.
The ETL process is a critical component of this architecture. During the extract phase, data is gathered from several DHL systems. During the transform phase, the data is cleaned, integrated, and converted to a standardised format. For example, delivery times from various systems can be standardised into a single format, and key metrics like delays and costs can be calculated. Finally, during the load phase, the processed data is stored in the data warehouse and analysed. [3]
It is critical that the ETL process does not disrupt normal operations. As a result, data extraction and loading are frequently scheduled during off-peak hours or performed through automated pipelines. This ensures that DHL's operational systems continue to function efficiently while also allowing for regular updates to the data warehouse.


Overall, a well-designed data warehouse architecture combined with an effective ETL process enables DHL to transform fragmented operational data into a single source of truth, allowing for improved visibility, performance analysis, and data-driven decision-making throughout the organisation.
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[bookmark: _Toc225254423]Figure 1: Data Warehouse Architecture for DHL



1.3 [bookmark: _Toc225447857]Data Marts for Decision Making
Data marts are smaller, specialised subsets of a data warehouse that are intended to meet the specific requirements of various departments within an organisation. Instead of accessing the entire data warehouse, users can work with a specific dataset relevant to their role, which improves performance and makes analysis easier [2]. Data marts can help DHL Supply Chain make decisions across finance, operations, and sales.

A finance data mart would focus on financial performance metrics like revenue per shipment, operational costs, and profit margins. DHL could analyse transportation costs, fuel expenses, labour costs, and contract profitability. This data mart enables financial managers to identify cost inefficiencies, monitor budgets, and support strategic financial planning. [3]

An operations data mart would include data on logistics performance, such as delivery times, warehouse productivity, and fleet utilisation. DHL managers, for example, could examine regional average delivery times, identify delays in specific distribution centres, and assess vehicle performance. This enables the organisation to optimise routes, improve operational efficiency, and reduce delays, all of which are critical to maintaining service quality.

A sales and customer data mart would provide information about customer behaviour, contract performance, and service level agreement (SLA) compliance. DHL could use this information to segment customers, assess the performance of key accounts, and identify ways to improve customer satisfaction. For example, analysing SLA breaches can assist the company in resolving service issues and strengthening client relationships.

The primary benefit of using data marts is that they provide faster access to relevant data and allow departments to focus on specific performance indicators rather than being overwhelmed by large amounts of irrelevant information [2]. Furthermore, data marts facilitate better decision-making by providing targeted insights that are aligned with business objectives.

Overall, using data marts in a data warehouse environment allows DHL to convert large and complex datasets into meaningful, department-specific insights. This increases efficiency, visibility across operations, and allows for more effective, data-driven decision-making throughout the organisation. [5]


[bookmark: _Toc225447858]1.4 OLTP Normalisation vs Dimensional Modelling

In database design, different modelling approaches are used depending on whether the system is intended for transactional processing or analytical purposes. OLTP systems typically use normalisation, while data warehouses use dimensional modelling. These two approaches serve different goals and are both relevant in the context of DHL Supply Chain.

Normalisation is a design technique used in OLTP systems to organise data into multiple related tables, reducing redundancy and improving data integrity. In highly normalised databases, data is divided into smaller tables that are linked together by relationships, allowing for efficient and consistent updates, inserts, and deletions. This approach is appropriate for DHL's OMS, WMS, and TMS systems, which require real-time accuracy. To avoid duplication and ensure consistency throughout the system, customer information, shipment records, and inventory data may be stored in separate tables. [3]

While normalised structures are useful for operational processes, they are less appropriate for analytical queries. Complex reports frequently require the joining of multiple tables, which can slow performance and complicate data analysis.

Dimensional modelling, on the other hand, is intended for use in data warehouses and analytical processing. This approach divides data into fact and dimension tables, typically using a star schema structure [2]. Fact tables contain measurable data such as shipment cost, delivery time, and distance, whereas dimension tables provide context such as time, location, customer, and vehicle type.

In the case of DHL, a dimensional model might include a Shipment Fact table linked to dimensions like Time, Location, Customer, Vehicle, and Service Type. This structure enables managers to quickly analyse performance indicators such as average delivery time by region or cost per shipment by customer segment.

Dimensional modelling’ s main advantage is that it simplifies complex queries while also improving reporting and analysis performance. Dimensional models prioritise usability and analysis speed over data consistency, as opposed to normalised OLTP systems. This makes them better suited for business intelligence and decision-making processes. [2]

Overall, while normalisation is essential for maintaining accurate and efficient operational systems, dimensional modelling is better suited for analytical environments. For DHL, combining both approaches ensures that operational systems remain efficient, while the data warehouse provides a clear and accessible single source of truth for strategic decision-making. [6]
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Figure 2: Star Schema for DHL Shipment Data with Primary and Foreign Keys




The star schema presents the Fact_Shipment table at the centre, connected to multiple dimension tables that provide descriptive context. The fact table contains key logistics measures such as delivery time, cost, and distance, while dimension tables enable analysis across time, customer segments, locations, vehicles, and service types.


[bookmark: _Toc225447859]2.1 Source System Identification
DHL Supply Chain operates multiple internal systems that generate operational data, which can be integrated into a central data warehouse. The Order Management System (OMS) captures customer orders, shipment details, and service requirements. The Warehouse Management System (WMS) records inventory levels, storage locations, and warehouse activities such as picking and packing. The Transport Management System (TMS) provides data on delivery routes, schedules, fleet usage, and transportation performance.
In addition, financial systems supply information related to costs, invoicing, and profitability, while client portals and contract management systems store customer agreements, service level agreements (SLAs), and historical demand patterns. These systems represent key data sources that feed into the data warehouse through the ETL process, enabling integrated analysis and supporting data-driven decision-making. [7]

[bookmark: _Toc225447860]2.2: Star Schema Design
The detailed star schema places the Fact_Shipment table at the centre and connects it to multiple dimension tables representing time, customers, locations, vehicles, services, warehouses, and orders. This structure enables DHL to analyse operational performance, costs, service quality, and profitability across different business perspectives.
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Figure 3: Detailed Star Schema for DHL Data Warehouse
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DHL's data warehouse can be separated into multiple data marts, each intended for a distinct business function, to assist departmental decision-making. Shipment performance, delivery times, delay minutes, vehicle usage, and warehouse activity would all be the main topics of an operations data mart. In addition to dimensions like Time, Origin Location, Destination Location, Vehicle, and Warehouse, this mart would primarily use the Fact_Shipment table. It would assist managers in keeping an eye on operational effectiveness and locating logistical bottlenecks.
Cost and profitability analysis would be supported by a finance data mart. With the help of dimensions like Customer, Service Type, Time, and Order, it would make use of metrics like shipment cost, fuel cost, labour cost, revenue, and profit margin from the fact table. DHL would be able to assess contract profitability and manage operating expenses as a result.
Customer segments, on-time status, and SLA performance would be the main topics of a customer service data mart. DHL could evaluate service quality, spot SLA violations, and raise customer satisfaction by using the Customer, Service Type, and Time dimensions. When combined, these data marts offer department-specific, targeted perspectives while utilising the same integrated warehouse structure. [2], [6]


[bookmark: _Toc225447862]2.4 ETL Plan
Data extraction from the primary source systems, such as OMS, WMS, TMS, financial systems, and client or contract management platforms, would be the first step in the ETL process for DHL's data warehouse. The operational, financial, and customer-related data required for analytical reporting is provided by these systems.
The extracted data would be cleaned, standardised, and integrated during the transform stage. This would entail matching keys between systems, eliminating duplicate records, fixing missing values, and transforming formats into a consistent structure. Calculating delivery time, delay minutes, shipment cost, SLA breach flags, and profit margin are examples of additional transformations that would be necessary. Combining shipment records with customer, warehouse, and service data can also enhance the data.
The fact and dimension tables would be filled with the processed data after it was loaded into the central warehouse during the load stage. ETL jobs should be automatically scheduled during off-peak hours to prevent interference with daily operations. For DHL managers, this strategy would guarantee consistent data, frequent updates, and trustworthy reporting. [1], [3]



[bookmark: _Toc225447863]2.5 Data Quality & Governance
Ensuring data quality and governance is essential for the success of DHL’s data warehouse. High-quality data must be accurate, complete, and consistent across all integrated systems. During the ETL process, validation rules should be applied to detect missing values, duplicates, and inconsistencies between source systems. Standardising data formats and ensuring consistent key structures are also critical for reliable integration.
Data governance involves defining clear rules for data access, ownership, and security. DHL should implement role-based access control to ensure that only authorised users can view or modify specific data. In addition, compliance with data protection regulations such as GDPR is necessary, particularly when handling customer and contract information.
Ongoing monitoring and auditing processes should be in place to maintain data integrity over time. By ensuring strong data quality and governance practices, DHL can rely on its data warehouse as a trusted source for decision-making and operational analysis [1], [3].
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