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[bookmark: _Toc225254115]1.1 OLTP vs. Data Warehouse:
“OLTP (online transaction processing), handle the day-to-day operations of an organization. Sales, accounting, manufacturing, human resources, OLTP systems form the basis of information processing in most organizations of any size. The data are dynamic, changing frequently as the organization sells, manufactures, and administers.” [1] (L.Harrington, 2016)
DHL currently uses an OLTP system, which, referring to the previous definition, handles data from the company's daily functions such as:
· WMS: movements in distribution centers (Stock Control, inventories...)
· TMS: Manage Transport operations (Shipment tracking, Delivery Scheduling…)
· OMS: Manage customer orders (Orders process, Status…)
“A data warehouse is a data management system designed to support business intelligence and analytics. It is primarily used for queries and analysis and stores large volumes of historical data” [2]. (OCI, 2023)
While OLTP systems are optimized for processing high volumes of daily transactions, a data warehouse is designed to support analytical queries and long-term strategic decision-making.
A data warehouse centralizes and consolidates large amounts of data from multiple sources, It combines data from the different systems (WMS, TMS, OMS) and unifies them in a common central location for analysis (KPI reporting, historical comparisons…)
Therefore, investing in a data warehouse would provide DHL with an integrated view of operations across UK and EU locations. Management could analyse performance trends, monitor indicators such as delivery times and SLA compliance, and compare results between hubs and regions. This enables better identification of inefficiencies, improved profitability analysis, and more informed strategic decisions without disrupting daily operations.
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Data from multiple source systems is extracted and processed through an ETL (Extract, Transform, Load) layer, where it is cleaned, standardised and integrated. The transformed data is then stored in a central data warehouse designed for efficient querying and analysis. Analytical tools use this repository to generate reports, dashboards and business intelligence insights, separating operational processing from analytical activities.
“Source systems are the original operational systems and external data providers from which data is extracted for use in a data warehouse.”[3].
Source systems are the places where data is first created, relating to DHL business structure, we reference to the sources where data is built to run daily operations such:
· WMS: Warehouse data
· TMS: Transport data 
· OMS: Orders
· Finance system
· Fleet systems
· External systems (customs, carriers)
It collects data from those original systems using ETL for further analysis.
“ETL refers to the process of extracting data from operational systems, transforming it into a consistent format, and loading it into a target repository for analysis” [4]. (IBM, n.d.)
 During transformation, inconsistencies are corrected, data formats are standardised and datasets from different systems are merged into a unified structure.
Within DHL, several internal systems generate operational data. The WMS records warehouse activities such as inventory levels and stock movements. The TMS manages shipment tracking, routes and delivery performance. The OMS processes customer orders and service types. Fleet systems capture vehicle usage and fuel consumption, while CRM systems store client and contract information. Financial systems record costs, invoicing and revenue. In addition, external sources such as customs systems, partner carriers and fuel price data provide contextual and regulatory information.
Through the ETL process, both internal and external datasets are integrated into a unified structure within the data warehouse. Integration between transportation and warehouse systems improves data accuracy and operational visibility [5].For example, shipment data from the TMS can be combined with warehouse data from the WMS and financial records to analyse route profitability and service performance. External data such as customs or fuel prices can also be merged to assess regulatory impact and operational costs. The warehouse operates separately from transactional systems, and ETL processes can be scheduled during low-activity periods, ensuring that daily operations remain unaffected while enabling comprehensive analytical capabilities.


[bookmark: _Toc225254117]1.3  Data Marts for Management Decision-Making:
Once the data has been collected in the Data Warehouse, we have large amounts of data of all types stored in common place. Therefore, a data mart is a smaller, focused section of a data warehouse designed for a specific department or business function.
“A data mart stores a collection of business events in a certain business areas. To design the facts tables and dimensions we need to have business knowledge in that business area” [6]. (Rainardi, 2008)
Each of the different departments of the business doesn’t need the same types of data; therefore, data mart breaks down and separates into groups the data that will be useful for each of the different departments. For example, while the central data warehouse stores integrated operational data from DHL’s systems (WMS, TMS, OMS, finance and external sources), data marts organise this information according to managerial requirements. The Finance Director will need data related to profitability and costs, while the Sales & Marketing Director wants customer trends and revenue growth.
For the development and integration of data mart in the DHL system, we first obtain key performance indicators (KPIs) from the operational data DHL warehouse system, this monitored data will be sorted by departments. Each mart focuses on different analytical priorities, ensuring that strategic, financial and customer-related decisions are supported effectively.
Based on this data mart process, the design of tailored data insights for DHL's managing director, finance director, and sales & marketing director:
Director Data Mart: 
·  Total revenue and revenue growth rate
·  Overall profit margin
· On-time delivery rate
· SLA compliance across regions
· Cost per shipment
· Regional performance comparison
· Service type performance (express vs standard)
Finance Director Data Mart: 
· Revenue per Shipment
· Revenue by Service type (express or standard)
· Cost / Route
· Fuel cost / km
· Cost /Warehouse
· Cross profit margin (%)
· Net profit margin (%)
· Budget vs actual expenditure
· Customs and regulatory cost impact
 Sales & Marketing  Director Data Mart: 
· Revenue by customer
· Revenue by industry sector
· Revenue by service type (express or standard)
· Customer acquisition rate
· Customer retention rate
· Order Volume trends
· Contract performance (SLA adherence per client)
· Customer Lifetime Value
[bookmark: _Toc225254118]1.4  OLTP Normalisation vs. Data Warehouse Dimensional Modelling:

“OLTP systems is typically normalised. Normalisation reduces redundancy by organizing data into tables with minimal duplication. This structure is deal for rapid updates and modifying one piece of information does not require changing multiple records. As a result, 	OLTP systems maintain data integrity and optimize storage while supporting fast, consistent transactions.” [7] (Mr.V.Ramu, Dr.L.Ventakeswara Reddy, Mr.K.E.Lakshmiprabha, Mr. Anjaneyulu Gudla, Mr.Dasaradha Arangi, November, 2025)
Data Warehouse Dimensional Modelling:
“The Dimensional Fact Model represents data using fact schemas composed of facts, dimensions, attributes and hierarchies, structured to support multidimensional analysis.” [8] (Geetika Saxena, Bharat Bhushan, Agarwal, 2014)
We can say is a design technique for structuring data in a way that supports efficient querying and analysis.
Differences:
Based on the definitions of both models presented, we can highlight their different purposes. Structured normalization, using a larger number of smaller tables where data is more localized, aims to simplify the database, avoiding data duplication and redundancy.
Data Dimensional Modelling organizes a different structure where the objective is to manage data to improve query performance, simplify data retrieval, and organize its analysis.
In our DHL diagram design, Shipment_Fact (containing measurable numeric data) is the central table (Fact_table), as it represents the main commercial event in this industry and common elements related to the other tables (Dimension_tables). Each shipment is where the rest of the data that influences the other departments of the company is generated, such as shipping time, distance, revenue, costs… “The fact table stores quantitative information for analysis… Each dimension table contains a set of related attributes  that describe the facts in the fact table.”[9] (Sheldon, 2023)



Figure 1: DHL Star Schema (Fact and Dimension Model)
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This diagram illustrates the core fact table and its relationships with dimension tables in the DHL data warehouse.


2.1 Source System Identification:
For DHL, the data warehouse must consolidate information from multiple heterogeneous sources to provide a unified and consistent view of operations. These sources can be classified into internal systems, which support daily business activities, and external systems, which provide additional contextual and regulatory information. By integrating data from both internal and external sources, DHL can ensure a comprehensive dataset that supports operational monitoring, performance analysis, and strategic decision-making.
DHL  data warehouse will integrate data from several internal and external operational systems. 
Internal sources include:
· Warehouse Management System (WMS), which records inventory movements, storage locations and warehouse operations.
· Transport Management System (TMS) manages shipment tracking, routing information and delivery performance.
·  Order Management System (OMS) processes customer orders, service types and order status information. 
· Financial systems provide data related to invoicing, operational costs and revenue.
·  Fleet management systems capture vehicle usage, fuel consumption and maintenance data
External data sources include:
· Customs Systems:
Provide import/export clearance information, duties and compliance data for international shipments.
· Partner Carrier Platforms:
Supply shipment tracking updates and delivery confirmations from third-party logistics partners.
· Fuel Price and Regulatory Data:
Provide fuel price indexes and regulatory information affecting transport costs and compliance.
· Client Portals / EDI Systems:
Allow corporate customers to submit shipment orders electronically, generating additional demand data.

[bookmark: _Toc225254120]2.2 Star Schema Design:
The proposed DHL star schema is designed to support operational and analytical requirements how it has been planned based on the elements that influence throughout the entire operational development of the organization.
As a common element of the company's operations, we place Shipment_Fact as a central table or Fact table as “core of a data warehouse, storing quantitative data for analysis. Their strength lies in their ability to hold numerical and additive information that you can aggregate to answer key business questions.”[10] (MacDonald, 2024), as pointed out in this quote from Lindsay McDonald, Fact table, where the data will be the point of origin and starting point that will generate impact and serve as underlying data for the following dimension tables. 
Therefore, Shipment represents the core data in the central table, since it captures the main business event that connects customers, routes, time, and operations, allowing all dimension tables to analyse performance from different perspectives.
And in relation to the data presented in the central table, Dimension tables are established, “a database table that stores attributes describing the facts in a fact table. A dimension table is the physical implementation of a dimension as it is defined in a dimensional model.”[9] (Sheldon, 2023).  In the DHL star schema, these dimension tables provide the context needed to analyse shipment data from different perspectives. Dimensions such as customer, route, warehouse, time, vehicle, and service type describe each shipment event, enabling detailed analysis of performance, costs, and operational efficiency across the organisation.
“Master  data  represents  the  precious,  core information assets  that encompass  critical  business  entities such  as customers,  products, suppliers,  locations,  and materials…” [11] (Vadigicherla, 2025).  This data is not limited by departments, so let’s say the Master Data It’s available to be accessed and used by any department of the organization, shared as the official source of information for making decisions:
· Route
· Warehouse
· Customer
· Vehicle
Metadata tables organise and classify operational data used in analytical queries. Time and service type dimensions allow performance analysis across periods and service categories, supporting reporting and business intelligence activities. “Metadata describes information about the data stored in a data warehouse and supports integration, lineage, and data quality management.” [12] (M.Laxmaiah, A.Govardhan, 2013). In this context, metadata refers to analytical classification dimensions (time and service type), which differs from technical metadata describing data warehouse structures.
· Service
· Time
Aggregate tables: Store summarised metrics derived from fact table data.Dim_Service_Type and Dim_Time in DHL schema structure. They are used to improve query performance and support reporting at higher levels of analysis.
· Route_Performance_Aggregate
· Monthly_Delivery_Performance_Aggregate
Figure 2: DHL Star Schema with Data Classification (Master, Metadata, Aggregate)
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This diagram extends the star schema by classifying tables into master data, metadata, and aggregate data.
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Data marts are derived from the central data warehouse, “A set of tables that are designed to serve the specific needs of a single data team, community, or line of business, like the marketing or engineering department. It is normally smaller and more focused than a data Warehouse”[13] (Goyal, 2024).
 Integrates data from multiple operational systems such as WMS, TMS, OMS and financial systems. Each data mart represents a subset of this integrated data, structured to support specific departmental decision-making needs.
The Operations Data Mart focuses on logistics performance and delivery efficiency. It is based on the Shipment_Fact table and uses dimensions such as Dim_Route, Dim_Warehouse, Dim_Time, Dim_Vehicle and Dim_Service_Type. This enables analysis of delivery time, route efficiency, service performance and on-time delivery rates.
The Finance Data Mart supports financial analysis and cost control. It also uses the Shipment_Fact table, combined with dimensions including Dim_Time, Dim_Route and Dim_Warehouse. This structure allows the analysis of revenue, freight costs, fuel costs and overall profitability, as well as comparisons between planned and actual expenditure.
The Sales and Marketing Data Mart focuses on customer behaviour and revenue growth. It is built from the Shipment_Fact table and uses dimensions such as Dim_Customer, Dim_Time and Dim_Service_Type. This enables analysis of revenue by customer, industry sector and service type, as well as customer acquisition, retention and contract performance.

[bookmark: _Toc225254122]2.4 ETL Plan:
As we previously described in Section 1.2;  ETL plan begins by Extracting the data from all DHL operational systems, core operational systems like internal sources: WMS, TMS, OMS, finance and fleet data and external sources such as customs systems, partner carriers, and fuel or regulatory data, which provide additional contextual information. Once the data is collected from different DHL sources, we process to  Transforming, in this stage data is cleaned, standardised, and enriched by linking shipment records with customer, warehouse, vehicle, and service dimensions, while calculated fields such as profit and delivery performance are generated. Data undergoes a series of predefined rules or functions to convert it into a single, unified format. This transformation is essential to ensure compatibility and consistency across different data sets.
After transformation, the cleaned data is loaded into the dimension tables and then into the central Shipment_Fact table. Finally, aggregate tables such as monthly delivery performance are updated to support faster reporting and analysis.
[14] (Matillion team, 2025)
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