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     Assignment on Data Mining.

A strategic Data warehouse solution for DHL Supply chain and Advisory report for The Board of Executive of DHL UK & Ireland:
[bookmark: _Toc225451080]Task 1:
[bookmark: _Toc225451081]Strategies for data warehousing:
[bookmark: _Toc225451082]1.1 OLTP VS Data warehouse.
Currently DHL is using an online Transaction processing system (OLTP) including warehouse management system (WMS), Transaction Management system (TMS) and Order management system (OMS). These systems are used to manage the logistics activities of DHL, like shipment tracking, order processing, inventory management, and transport co-ordination. OLTP systems is capable of fast transaction processing and instantly correct information gathering [5].
For example, when a shipment reaches its distribution center, then the WMS instantly saves the shipment information, updates the stock and location of the shipment. Similarly, TMS tracks the vehicle movements and confirms the delivery which is operated in the whole European transport networks. These systems work separately but ensure active operations. In every system all the data is kept in a normalised condition so there is less chance of repetition and ensuring correct transactions.
Though the OLTP is good, but this system is not suitable for massive data management and historical data analysis. It may reduce work efficiency due to complex data query on multiple systems simultaneously and sometimes it is not realistic. Opposite of this a data warehouse has been designed for taking strategic decisions and analytical data processing. A data warehouse collects data from dissimilar sources and saves that data in a central database from where historical data can analysis easily [1].
For DHL Supply Chain if a data warehouse is implemented the management team will get a combined idea of all the logistic hubs like, Daventry, Heathrow, Rotterdam, Dusseldorf, and Lyon. Integrating the WMS, TMS and OMS financial data it will be possible to analysis the delivery performances, Warehouse efficiency, and client profitability.
So, OLTP system manages the daily operational activities and data warehouse helps the management to take strategic decisions that can improve disciplines of the supply chain efficiency [2].
[bookmark: _Toc225451083]1.2 Data warehouse architecture and ETL:
Data warehouse architecture collecting data from different systems provides a structural framework to create a platform for analysis. For DHL Supply Chain, this architecture will help to integrate the data of UK and European logistics activities and at the same time it will not disrupt the existing system’s activities.
Main sources of data are internal operational systems, for example order Management System (OMS), Warehouse Management System (WMS), Transportation Management System (TMS), Fleet Management System and Financial Accounting System. Besides this data can be collected from external systems like, Customs Clearence Platform, Carrier tracking system, and Environmental data collection systems.
To consolidate the data from different sources data warehouse uses ETL (Extract, Transform, Load) method [7].
Extraction Stage: In this stage data is collected from the system periodically so that it does not affect their operation. For example, shipment data from Daventry, information about warehouse use from Neurocentral and fleet data from Heathrow.
Transformation Stage: In this stage the collected data is processed to use like cleansing data and standardised data.
Example,
Currency conversion,
Integrating time format,
Updating duplicate shipment and
Calculate delay delivery and CO2 emission.
Loading Stage: Processed data is saved in data warehouse.
ETL is usually used in less busy times so that the logistic operation of DHL cannot be hampered. This architecture gives DHL the privilege to create a unified data platform that ensures consistent, accurate and accessible insight all over the organisation.
[bookmark: _Toc225451084]    Figure 1, DHL Data Warehouse Architecture:




[bookmark: _Toc225451085]1.3 Data Mart for management decision making:
Though the integrated data stays safe in the central data house but for decision making of different departments we need specialised analysis. For this reason, data mart is created by taking specific pieces of data from the data warehouse [2].
For DHL Supply Chain 3 main data mart can be used.
Operational Data Mart: This data mart is important for operational management. Shipment data, Warehouse information, and fleet management information is included here.
The following data will be analysis here.
Percentage of delivery time
Productivity of Warehouse
Efficiency of Transport route.
For example, analysis of delivery delay between Rotterdam and Düsseldorf will be possible.
[bookmark: _Toc225451086]Finance Data Mart:
Data Mart is particularly important for Finance Director. Revenue, operational cost, and benefit of contacts with customers will be possible to analyse.
For example,
Profit for every shipment
Analysis of fuel cost
Cost of warehouse management.
So, the pricing policy of DHL will be improved.
[bookmark: _Toc225451087]Sales & Marketing Data Mart:
This Mart will help the Sales & Marketing Department to analyse customer behaviour and market trends. Below topics can be analysed here
Demand for different industries
Order patterns of the customers.
Tendency to use DHL services.
For example, analysing the increase in demand for pharmaceutical logistics at Heathrow Logistics Park.
[bookmark: _Toc225451088]1.4 OLTP normalisation VS Dimensional Modelling:
OLTP database usually uses the normalised relational structure so that repetition of data is less and the accuracy of data stays the same. In DHL operational system, Shipment, Fleet, Customer and Warehouse related information are kept in the different tables [3].
On the other hand, in Data Warehouse Dimensional Modelling is used so that analysis can be easier. Among this Star Schema is the most popular [2].
By this model DHL will be able to analysis different departments easily.
For example,

[bookmark: _Toc225451089]Figure 2: DHL Star Schema:
[image: ]
 By this model DHL will be able to analysis different departments easily.
For example,
· Area based performance
· Customer based profit and
· Fuel efficiency of the vehicles.
· Area based performance.
· Customer based profit and
· Fuel efficiency of the vehicles.
[bookmark: _Toc225451090]Task 2 – Data Warehouse Design and implementation:
UK and Ireland division of DHL Supply Chain and their European operational network currently operating in a very vast, complex, and data-driven environment. The main operational Hub like; Daventry, Heathrow Logistics Park, Euro central, Düsseldorf, Rotterdam, and Lyon every day produce high amount of data of their everyday transaction and operational work. These data include shipment speed and condition, information about warehouse products and location, customer-based service level, income, and expenses, and even carbon emission report. Though this data is being recorded on its different operational systems but still this information is not organised. For this reason, DHL directors and senior management staff struggle to get the integrated and analytical capable picture of the data.
In this situation an integrated data warehouse is not only a technological platform but also a decision-making platform for DHL [6].
[bookmark: _Toc225451091]2.1 Source System Identification.
To implement the DHL data warehouse successfully, the most crucial step is to correctly identify the source of the data because the quality of the data warehouse and analytical capability depends on relevant and dependable data [4].
If the operational platform of DHL is analysed, it collects data from two main sources. They are.
(A) Internal source,
(1) Order Management System (OMS)
(2) Warehouse Management System (WMS)
(3) Transportation Management System (TMS)
(4) Fleet Management System
(5) Financial Accounting System.
[bookmark: _Toc225451092]1. Order management System (OMS)
OMS is a system that operates by taking clients orders, order verifications, fixing the delivery schedule and order tracking.
Client ID
Order ID
Order Date
Requested Delivery Date
Actual Delivery Data
Order Value
Order Status
If all this information is recorded in the OMS, the DHL management will be able to analysis the client-based order, pattern and percentage of timely delivery and capabilities of SLA target [6].
[bookmark: _Toc225451093]2. Warehouse management system (WMS):
WMS is a crucial point of DHL Warehousing. This information gathered from this system are.
SKU and Product categories.
Rack or Bin location.
Inventory level
Pick up time.
Packing time
In/Out date
Space Utilisation.

WMS data is especially important for DHL because by this the capacity of the warehouse storage, productivity, efficiency, and inventory turnover can be measured [8].
[bookmark: _Toc225451094]3. Transport Management System (TMS).
In DHL, TMS system is main system for planning transportation, Route selection, and delivery tracking. The following data are kept in this system.
Shipment data
Routes details
Mode of transport
Probable Transit time
Real transit time
Freight Expense
Confirmation of delivery.
This source will help DHL to analysis the route efficiency, cause of delay, Cost of transportation, Cost of transportation, Cost of transportation, efficacy between standard and express services and performances of international communication [9].
[bookmark: _Toc225451095]4. Fleet management system (FMS).
This system is also very crucial for DHL when it uses its own fleet. The data below can be found.
Vehicle ID
Tracking data of GPS
Fuel consumption
Mileage
Vehicle maintenance schedule
Completion of Delivery route.
This system is necessary when DHL wants to increase fuel efficiency, optimisation of route, reduce the cost of maintenance and implement the Green Logistics Strategy [8].
[bookmark: _Toc225451096]5. FAS (Financial Accounting System)
Data Warehouse’s strategic value depends on the integration of operational data and financial data. From the financial system of DHL below information can be collected.
Invoice Number
Revenue per shipment/order
[bookmark: _Toc225451097]Labour cost
Fuel cost
Warehouse operating cost
Margin of profitability
Contract price of the client.
This data will not only give power to Data Warehouse to analysis the operational system but also give the power to identify profitability, controlling cost, client-based earning, and service-based performances [6].
[bookmark: _Toc225451098](B) External sources,
Customs Clearance System
Third-party Carrier Tracking System
Environmental Monitoring System
[bookmark: _Toc225451099]1. CLS (Customs Clearance System):
As DHL logistics operate all over Europe that’s why custom clearance data is important.
Here may be:
Customs Declaration ID
Clearance Time
Duties and Taxes
Border Delay Duration
[bookmark: _Toc225451100]2. Third-party Carrier Tracking System:
In lot of cases DHL uses third party carrier and information from this system give DHL the End-to-End visibilities.
[bookmark: _Toc225451101]3. (EMS) Environmental Monitoring System:
For Green Logistics, DHL environmental data is mandatory. Data from this system the following data can be obtained.
Carbon Emissions by Route
Fuel Efficiency Benchmarks
Emission Reduction Targets
Using this information DHL not only observes the environmental performance rather than ESG reporting and sustainability-based client reporting improvement. Information collected from these sources is important for DHL logistics analysis [10].
[bookmark: _Toc225451102]2.2 Star Schema Design:
[image: ]
For the design of the DHL Supply Chain, a star schema is a perfect and effective way because schema is suitable for analytical work. It is amazingly easy, fast and management friendly. It is formed in such a way where business incident is kept in central fact table surrounding this there is more than one dimension Table, which supplies the descriptive information about the related fact [2].
According to the nature of DHL’s operational system a single Fact Table will not be enough; rather a multi-fact star schema design will be more appropriate. Because the analytical demand of DHL is not only dependant on the shipment, Warehouse activities, fleet performance, client services and with financial activities. Here 3 Fact tables are proposed.
1. Fact Shipment
2. Fact Warehouse Operations
3. Fact Fleet Performance
1. Fact Shipment Table:
It is the most important table of DHL Data Warehouse. Every shipment will be recorded here as a business incident. Recorded matrixes will help the management to analysis the shipment, based on the performance.
Probable fields are:
Shipment key
Shipment ID
Client Key
Origin Location Key
Destination Location Key
Time key
Service type key.
Actual Transit Time
Transit Delay
Freight cost
Revenue
Carbon Emission
Delivery Status.
Using these Fact Table DHL will get the answers about premium shipment profitability and carbon emission by area.
[bookmark: _Toc225451103]2 Fact Warehouse Operations Table:
Warehouse activities are the main part of DHL business. For this reason, Warehouse based productivities, storage efficiency, internal transfer and return processing there should have a separate table.
Possible Metrix:
Warehouse Operation Key
SKU Key
Warehouse Location Key
Time Key
Inbound Quantity
Outbound Quantity
Pick Time
Pack Time
Storage Duration
Utilised Space.
By this table DHL can identify which storage got more bottleneck, what percentage storage capability is being wasted and where automation investment will be logical.
[bookmark: _Toc225451104]3. Fact Fleet Performance Table:
To measure the DHL fleet operation’s efficiency and for sustainability strategy Fleet operation Table is important. Possible fields are.
Vehicle Key
Route Key
Time Key
Mileage
Fuel Consumption
Route Completion Time
Maintenance Cost
CO2 Emission

By these DHL can analysis which types of vehicles are using more fuel and which root needs route optimisation.
The efficacy of star schema depends on the quality of some dimensional Tables.
Sucha as.
Client Dimension
Location Dimension
Time Dimension
Service type Dimension.
[bookmark: _Toc225451105]Aggregate Table and Summary Structures:
Besides the Fact Table and Dimension Table there will have to be another table to speed up the Executive Reporting and that is Aggregate Table [7].
Logic behind Star Schema.
For the following reason Star Schema is suitable for DHL,
It is easier to understand for Non-Technical Management.
Query performance is faster here.
It works better with dashboard and BI Tool.

So that for the multidimensional organisation like DHL Star Schema based data warehouse creates a powerful base for analysis.
[bookmark: _Toc225451106]2.3 Data Mart and Schema:
Based on the Central Data warehouse to provide analytical information to different departments of DHL need to create a Data Mart. Data mart is mainly a subject-oriented subset of Data Warehouse which is created for specific department and business activities [2]. For DHL at least three main data Mart is important: -
Operations Data Mart, Finance Data Mart, and Client services Data Mart.
[bookmark: _Toc225451107]1. Operations Data Mart
This Data Mart will be designed for Managing Director, Head of Operations, Warehouse Management and Transport Planning Teams.
Main Data Items:
Shipment volume by hub
On-time delivery rate
Warehouse pick/pack productivity
Fleet utilisation
Route delay statistics
Probable Schema:
In this Data Mart there will be selective matrixes from Fact shipment, Fact Warehouse and Fact Fleet performance and it will be related with Location, Time, Vehicle, Service type, and SKU Dimension.
[bookmark: _Toc225451108]2. Finance Data Mart:
Finance Director, Commercial Controllers and for Profitability analysis this Data Mart is important.
Main Data fields:
Revenue per shipment
Cost per route
Labour cost by warehouse
Fuel cost by vehicle / region.
Client contract profitability
[bookmark: _Toc225451109]Probable Schema
In the Finance Data Mart Fact Shipment revenue and cost measures, Fact Warehouse Operations labour-related cost allocation and Financial System invoicing data will be attached as a Dimension Client, Time, Service Type, Location and Contract Type.
With the help of this DHL can improve pricing model and unprofitable operations identification [6].
[bookmark: _Toc225451110]3. Client Services Data Mart
Main Data fields:
SLA compliance
Delivery success rate
Client complaints / service exceptions
Order trend by client.
Account growth opportunities.
[bookmark: _Toc225451111]Predictable Schema
In this Data Mart- Client Dimension, Service Type Dimension, Time Dimension, Order Data and Shipment Data will stay together. in its customer interaction logs or exceptional data can be added.
As a result, DHL client retention and cross-selling strategy can be improved more. These three Data Marts will fulfil the effective demands of DHL by taking the data from the same Data Warehouse.
[bookmark: _Toc225451112]2.4 ETL Plan
The center point DHL-Data Warehouse effectiveness and reliability is a well-planned ETL (Extract, Transform, Load) planning [7].
Extract Phase:
In this phase OMS, WMS, TMS, Fleet Management System, Financial System and from External Platform data will be collected. Extraction ideally will be done in staging area so that source system operational performance cannot be damaged.
Transform Phase
In Transformation face the following task will be done:
Duplicate record removal
Missing value handling
Currency conversion
Date/time format harmonisation.
Derived metric calculation, such as transit delay and carbon emission.
Load Phase
load on the Fact Table. Slowly Changing Dimensions, especially Client, Vehicle and for Location appropriate tech nicks need to be used so that historical analysis stays exist [Clear and converted data first will be put on the Dimension Table and later it will 4]. ETL jobs should run in off-peak period and logging and audit trail need to keep.
[bookmark: _Toc225451113]2.5 Data Quality and Governance
DHL Data Warehouse will be effective when its data is 100% correct, fully related, UpToDate and safe. So that Data Quality and Governance should be kept as a central part of warehouse initiative.
Data Quality Considerations:
Uniqueness of Shipment ID, Client ID, Vehicle ID should be ensured.
Missing delivery time or incorrect route code need to be identified.
Cross-country data entry standardisation needed.
KPI calculation logic needs to be same in all locations.
Governance Considerations:
For Sensitive client and financial data role-based access control needed.
According to GDPR personal data needs to be managed.
Specify the Data ownership.
Audit trail and data lineage need to be saved.
An international logistics organisation like DHL strong governance framework will not only ensure compliance but also at the management level will increase the trust on warehouse [10].
[bookmark: _Toc225451114]Conclusion:
The proposed Data Warehouse Design is a valuable solution for the DHL supply Chain of UK and Ireland are a strategic, scalable, and very profitable for the business. Wright source system identification, well-structured multi-fact star schema, department-specific data marts, disciplined ETL planning and strong data governance together can be able to transform DHL from fragmented operational data to integrated business intelligence.
If this Data Warehouse is implemented then DHL will not only increase the shipment visibility and warehouse efficiency at the same time it will improve client profitability, SLA performance, route optimisation, sustainability monitoring, and executive decision-making.
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