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Title: DHL – UK and European Operations

[bookmark: _Toc225257877]Introduction
The E-Tech Group is a premier business and IT consultant. We have been assigned to investigate and advise the CEO of DHL on how data warehousing and mining can significantly enhance their operations in the UK and Europe [1].
DHL is a Deutsche logistics leader in the parcel and cargo business with depots in most parts of the world. The group provides integrated international distribution logistics, delivering cargoes and parcels to businesses and private customers. However, our particular interest is the UK and European operations. The UK and European operations form DHL’s strategic backbone [1].
DHL plays a critical role in supporting UK customers and businesses with supply chain and logistics through cargo and parcel delivery. They provide express parcel delivery for both domestic and international customers. Provide freight forwarding by air, road, sea and rail. Provides warehousing and contract logistics solutions with distribution centres, advanced hubs and advanced digital tracking systems in the UK and Europe. They enable efficient business transactions between the UK, Europe and the world at large [2].
DHL operates a very sophisticated and extensive logistics network across Europe. Connect businesses across the member states and neighbouring countries through air and road networks, e-commerce, and parcel solutions. The Europeans focus on specific industry logistics, such as automotive, technology, life science and retail [2]. 
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[bookmark: _Toc225257879]1.1: OLTP vs. Data Warehouse
The DHL Online Transaction Processing system is a daily, real-time or near-real-time processing system that supports DHL transactions across European and UK centres.  The OLTP record is updated in real time when a parcel is delivered to or collected from a customer and is scanned. Records of every warehouse movement are kept in real time and maintain custom clearance updates, including the final delivery to the customer [3]. 
The DHL OLTP system is designed to process short but high-volume transactions with accuracy, fast and high availability, ensuring smooth day-to-day operations and easy tracking and visibility of staff and customers. The system is automated for easy processing and workflow. For example, when a consignment is scanned, it is automatically recorded in the system even when a consignment or parcel is flagged off in a customer’s premises [3].
The Warehouse gathers and analyses historical data for decision-making against the OLTP, which handles daily or real-time operational transactions. It maintains data from multiple operational centres in the United Kingdom and Europe, which are extracted, transformed, and periodically loaded into the centralised data warehouse. The system stores a large amount of historical data, aggregate them to enable analyses to determine performance trends, identifies regional trends, and compares the regional or country trends for future planning and budgeting, optimises routes, warehousing and capacity [4]. 
The main benefits of data warehousing are improved management decision-making, improved data quality and consistency, bringing data from multiple sources together, supporting data analytics and BI, and scalability, as storage costs are cheaper, which improves data analysis and business performance information. The data warehouse is integrated with  WMS, TMS and OMS, which will aid the CEO in quick and rational decision-making at the click of the mouse button [4].
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This architecture shows how data is extracted from operational units and fed into the DHL’s data warehouse.
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[bookmark: _Toc225257882]Clarification of ETL System
DHL runs a complex and sophisticated logistics network across Europe and the UK, which generates huge volumes of data from customer portals, transportation, IoT devices, warehousing and corporate systems. Data from business units like the fleet, finance, transportation, and shipment are extracted, cleansed and loaded to the data warehouse for analysis, reporting, visualisation and decision-making [5].
The ETL enables fragmented data from different operation centres to be extracted, processed, or transformed into a meaningful, trusted, intelligible and actionable corporate resource and loaded for easy access and decision-making [5].
This ensures all activities are captured in real time and visible to all responsible authorities across the group, such as the supply chains, express and freight. Data extracted from various business centres is cleansed, enriched, standardised and aligned to DHL corporate objectives. Generate Key Performance Indicators (KPIs) across regions and operational centres, ensuring fair comparisons between them. Decision-making can be based on accurate data and regulatory compliance, such as the GDPR, applied to the entire corporate body [5].
Transformed data is loaded into the warehouse or data lake for near-real-time or real-time operations, enabling visibility into predictive capacity, risk, delays, and cost overruns, which can be mitigated. Reduced reporting efforts from local business centres and quicker decision-making based on reliable data. The issue of duplicate data will be eliminated, including shipment and data format [6].
The strategic benefits are that bottlenecks in the warehouse and transport can be easily identified, network reliability and delivery will be improved, and issues can be proactively resolved instead of being firefighting. Boost customers' experience with visibility and tracking, and issues can be resolved quickly. The system is scalable and allows for further integration of more regions or countries, and reduces reliance on legacy local solutions. The system ensures accountability, data quality, regulatory reporting and financial control [6].
I believe that the above processes and explanations will persuade the CEO to adopt the new system [6].





[bookmark: _Toc225257883]1.3: Data Marts for Management Decision-Making 
  
The data mart is a subset or specialised subject-oriented view of the data warehouse designed to serve the analytical and reporting needs of a business segment, such as sales and marketing, finance, or any other unit of the business. It is a decentralised data mesh structure which is related to a specific domain. The key focus is AI-focused analytics, AI-powered forecasting, IoT, supported with high-speed cloud, and sustainable and automated logistics [7].   
In this case, as a consultant assigned to investigate and educate the managing director, sales and marketing and the finance directors of DHL, on the use and benefits of data marts. Unlike data warehousing, which handles all historical data for an organisation, a data mart is tailored to serve a particular department or unit, such as finance, human resources, sales and marketing, location, or as required [7].
In this scenario, my job is to provide the directors with insight into the use and operation of the data mart and how they can leverage it within DHL. It will provide highly curated, simplified reports tailored to departmental consumption. Smaller in scope or scale and tailored to a particular unit or department, like sales and marketing. Sometimes structured in a dimensional model like a star schema for easy data analysis. The data mart depends on data from the central data warehouse and is built directly from traditional and external sources for a specific business segment. Easy understanding for non-technical staff, easy implementation and improved performance [7].
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The data mart architecture shows how data is extracted, transformed and loaded into the data warehouse and the data mart for operational units' operational consumption.
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[bookmark: _Toc225257885]1.4: Data Warehouse and OLTP Normalisation 
 

Normalised Online Transactions Processing (OLTP) structure and the dimensional models are a logical design of how data warehousing and data management are conducted by DHL. The difference between the models centres on flexibility and operational speed. OLTP is designed for real-time operations and transactions, such as scanning packages, shipping, and tracking, while dimensional models are used for analytics, such as analysing business performance across volumes, velocity, variety, variability, and veracity. This involves seasonal trends like tracking and shipping trends [8]. 
The DHL normalised OLTP system runs on apps that scan, sort, and a tracking portal, minimising data redundancy and maintaining data integrity. The structure is one that is highly normalised to the 3NF. Ensures that transactions are inserted, deleted and updated – example parcels are updated between source and delivery points. The tracking system operates separate tables for customer, driver, parcel, shipment, location and querying the tracking requires joining these tables [8].
The DHL UK and Europe Dimensional model organised logistics and supply chains data into a fact table and a dimension table. It is optimised for quick retrieval, analysis and reporting. It is based on the Kimbalian model, which is based on data denormalisation for users to use key performance indicators (KPIs), like shipping costs, delivery rates and turnovers to identify unit performance. The system transforms complex transactional data from different systems into one that supports business intelligence (BI) [8].
The Fact Tables store quantitative and numeric data of the operations, while the Dimension Table holds textual and descriptive attributes of the metrics. They often use a star schema to highlight common schemas [8].
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[bookmark: _Toc225257888]2.1: DHL’s Source System Identification   
 The sources of internal data are generated from streams of core operational data [9]. 
Internal sources are through operational systems, such as the Order Management System (OMS), which records customer orders, back orders, order status, cancellations, service level agreements (SLAs), order fulfilments, and timestamps. Data are extracted and loaded from the database, spreadsheets, or even from flat data files [9].
The WMS is responsible for matters relating to locations, inventory levels, pick-ups, packing, shipping, inbound and outbound docking activities, and Labour Productivity and LPW [9].
The TMS generates data for route/shipping planning, freight rate and carrier selections, tracking and delivery confirmations, transit performance and fuel usage [9].
The Financial Systems generate and maintain records of financial transactions, including billing, revenue data, all costs and supplier performance metrics [10].
The clients' or customers' portals generate data of customers, including profiles and transactions [10]. 
Other operational support systems include fleet and asset management systems and HR Systems [10].
Some external data sources include partners, competitors, and carriers, as well as air, sea, rail and road carriers. Custom and Trade Compliance Systems. Market and environmental data [10].  

[bookmark: _Toc225257889]2.2: Star Schema Design.  
The star schema is the core data model or technique used in DHL’s data warehousing, which organises huge amounts of logistics and supply chain data in a simple ‘hub-and-spoke’ arrangement to improve query quality, performance, and enhance analytics. It works by establishing the Fact Table at the centre and adding the dimension tables beside it to form a star schema that enables ‘slice-and-dice’ analysis [11].
The fact table is at the heart of DHL’s star schema of its data warehouse. It is transactional in nature and records in real time in the dimension tables. The fact table is a central table containing numerical measures of quantitative and actionable data, such as total shipping cost, shipment weight, delivery times, and quantity of items [11]. 
The dimension tables surrounding the fact table are of descriptive context. Dimension tables provide context or description of the origin or destination of the ship or cargo, like region, city and country, and that is dim_location. The exact time and date of picking up a parcel or cargo, transit and delivery are also contained in the dim_time. The dim_product will contain a description of the item, including stock-code, the nature of the product in case it is hazardous and material flags. The dim_customer contains information about the shipper and the recipient [11].
DHL’s dimension table uses a demoralised table in its data warehouse to speed up performance. If we look at the dim_location table, for example, we can expect to see city, region, and country in the same row, thereby avoiding the need to join several tables. This significantly improves development time and query performance. The dimension tables are directly connected to the fact table through the foreign keys, thereby requiring only one join to fetch the context. This reduces the need for complex SQL queries, making it easy to calculate metrics such as turnover of a business unit [11].
The data structure minimises joins, and the BI tools filter and aggregate DHL’s millions of shipping records in real time and quickly track them on the dashboard. The dimensions table structure simplifies reporting by making it easy for users to understand data models and be able to perform performance analysis of the required business segment or average delivery time per region. It is compatible with OLAP analytical tools to slice and dice data [11].

[bookmark: _Toc225257890]Master data tables for DHL’s Data Warehouse
These tables comprise the client and vehicles tables, made of dimensions and a fact table of DHL’s operations in the UK and Europe. It is a descriptive context used for analytical facts of operations. The tables appear in a star schema [12].

[bookmark: _Toc225257891]DHL Data Warehouse Master Data Schema
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[bookmark: _Toc225257892]DHL’s Metadata Service Information
This metadata service provides information on the dimensions and fact tables used to feed transactions into DHL’s data warehouse, enabling easy analysis of business locations, clients, revenue, and profitability based on any chosen performance criteria. Such data can be used to further optimise operations. This star schema is used for analytics, planning and performance comparison [12].
[bookmark: _Toc225257893]DHL’s Structure of metadata and aggregate data
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[bookmark: _Toc225257894]2.3: Data Marts Schema Identification  

The Data Mart is defined as a subset of the Data Warehouse that is designed for a specific business function or operation for faster and easier performance analysis and reporting for quick and informed business decisions [13].
The dimension table of the finance department should contain items like customer, location, product type, time and service for analysis. On the other hand, the fact table should contain cost, total cost, profit, profit margin, transactions, tax, and VAT. However, this is oversimplified, data mart should be able to generate sufficient reports for revenue by region, product and customer. It should be able to analyse and report expenses by cost centres such as transportation, labour, fuel, maintenance and customer duties [13]. 
The profitability metrics should show the gross and operating profits by business unit, route or location. In the same manner, it will generate a report of accounts receivable and accounts payable to enable the finance department to plan its payments and expenditures. Critical to budgeting and forecasting, efficiency and capacity utilisation [13].
The core operations of DHL are shipping operations. The fact table is Fact_Shipment and should contain shipping revenue, costs, weight, distance, transit/delivery time, delays, fuel, stops and on-time flag. There are also dim_customer for customerId, name, type, industry and location. Dim_Time for day/week/month/quarter and year.  Dim_Transport_mode with Mode_ID, mode – road/air/rail or sea and service type. Dim_Location with Location_Id, Country, Region, City, Post Code, and deport flag. Dim_Product_Service with Service_Code, Service type, and temperature flag. Dim_Facility with Facility_ID, hub name, type and region/country. Dim_Vehicle with Vehicle_Id, type, capacity, fuel type, and Dim_Driver with Driver_Id, region, and employment type [13].
The core of the data mart of the client services is to give insight into client support, service quality and performance. The Fact_Client_Service will hold the number of interactions, responses, and resolution times, escalations, SLA compliance flag, customer satisfaction score, refunds, complaints and net promoter score. Dim_Customer with CustomerId, name, location, and account type. Dim_Time – date – day/week/month/quarter and year. Business and holiday flag. Dim_Channel – Channel_Id, type eg, Social media, phone. Dim_Service_Type – service type like delivery, billing, tracking and custom issues. Categories like financial, operational or technical [13].
Dim_shipment with Shipment_Id, origin/destination. Type and status. Dim_Location – country, region and city. Dim_Agent – Agent_Id, team, location and experience level. Dim_Status – open, in progress, resolved, closed and priority [13].


 

[bookmark: _Toc225257895]2.4: ETL Plan Data Source  

In DHL, the ETL pipeline moves operational data from the system to the data warehouse. For example, the customer relationship management (CRM) system provides clients' data, such as Client_ID, Name, Industry, Contact and Region. This data is used to create the master data table and is transformed and cleansed to remove any duplicates, standardise names of clients, validate locations and region code and assign a surrogate key. This data is loaded to create the client’s dimension table (DIM_CLIENT). The DIM_Vehicle will go through the same process from the fleet management system, the transport management system, and the finance management system. From the data warehouse, the data can be translated to Data Marts and business intelligence [14].
The Metadata tables will form service dimensions tables (DIM_SERVICE). These are data extracted from service catalogues and operations systems, such as service codes, service names, delivery commitments and transport modes. This data is transformed, normalised, mapped into transport modes – air, sea, road, validated and loaded into Dim_Service [14].
These data from the dimension tables will then be extracted using the IDs like Client_Id, Vehicle_ID to create the Fact_Tables. The Fact_Monthly_Delivery_Performance is extracted from the Fact_Delivery Table [14].

[bookmark: _Toc225257896]2.5: Data Quality & Governance  
For a logistics organisation like DHL, data governance and data quality are critical to operations, ensuring security, reliability, accuracy, and compliance with GDPR and other regulations such as NIST. Aggregate data were necessary. These apply when considering ETL processes and warehouse operations [15].
They do this by ensuring that data is consistent with real-world events, regular audit, uniform data across the system, ensuring a single point of truth for the master data, completeness of data and availability for analysis, data must comply with privacy, ethical, professional concerns and other regulations, complete and access-controlled and monitored to achieve CIA [15].   



[bookmark: _Toc225257897]Conclusion and Summary

DHL UK and Europe operate a sophisticated and efficient data warehouse system. Though complex but can serve the operational needs of the organisation with a good customer experience, in that they can track their parcels or cargo at each point of delivery. The ETL system also allows historical data of trading or business units to be extracted, transformed, or cleansed and loaded to the data warehouse for analytics [16].
The data mart system enables not only the CEO to see at a glance each segment's performance, but also allows authorised directors and managers to access their performance at the click of the mouse. This information is available for easy and efficient decision-making and complies with regulatory requirements [16].
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