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[bookmark: _Toc241662033]1.Introduction
Tannan (2020) defines demand forecasting as the process of estimating the quantity of a product or service that consumers will purchase, supporting decision-making related to production planning and inventory control, capacity management and resource allocation. Accurate forecasts enable organisations to align customer demand with operational capacity by minimising costs associated with excess stock and shortages. Forecasting accuracy is widely considered a key variable in the level of supply chain performance and overall organisation competitiveness.

Gardner (2006) explains that Holt-Winters Exponential smoothing is a forecasting technique incorporating seasonal and trend components within the forecasting process. It allows models to capture recurring patterns in demand data enabling forecasts to be generated based on trends and seasonality (Gardner, 2006). Contrastingly, Artificial Neural Networks (ANNs) are AI models inspired by functioning in human brains. They can model more complex, non-linear relationships making them suitable for higher demand forecasting accuracy (Qamar and Zardari, 2023). Comparing the two techniques provides a valuable insight into the trade-off between model simplicity, computational complexity and predictive performance.

This report aims to evaluate and compare Holt Winters Exponential Smoothing and ANN models using historical supply-chain based demand data. The study will analyse demand patterns, develop forecasting models in MATLAB and evaluating their performance using accuracy metrics. Furthermore, this study will help determine whether increased complexity in AI forecasting models justifies the forecasting accuracy compared to traditional forecasting techniques.






[bookmark: _Toc241662034]2.Dataset Analysis and Problem Definition
The dataset contains historical demand variations so that Holt-Winters Exponential smoothing and Artificial Neural Network models performance can be assessed. Understanding the characteristics of a dataset such as trends seasonality and other variations is crucial in the influence of forecasting accuracy.
Table 1 shows historical demand over the period analysed. The dataset has periods of fluctuation indicating variations in customer demand. The ability to understand and analyse this data is essential in supply chains it impacts planning, scheduling and capacity utilisation within the supply chain.
[bookmark: _Toc241662035]Table 2.1: Descriptive metrics of Historical Demand Data


	Statistic
	Value

	Mean
	15475.00

	Std Dev
	2855.03

	Max
	22508.00

	Min
	7849.00



Table 2.1 presents some statistics on the historical demand dataset analysed. The average demand was 15475 units whereas the standard deviation was shown to be 2855.03 units indicating the level of variability. The large range of 14659 units between the max and min values suggests inconsistent demand patterns, making forecasting future demand more difficult.


Essential for inventory planning, production scheduling and capacity management, demand forecasting should be accurate. However, variation in forecasting can create challenges for these forecasting methods, particularly when demand is showing non-linear behaviour.
Holt-Winters method may be advantageous when it comes to simplicity, however, the results highlight ANN stronger predictive performance for this dataset. In supply chain, improved forecasting can reduce inventory storage costs, reduce safety stock requirements and improve customer service. From this study, we will determine whether the additional complexity associated with ANN is justifiable by its improved forecasting accuracy in comparison to the Holt-Winters approach.













[bookmark: _Toc241662036]3.Model Development
Prior to the model development, the historical weekly demand dataset was provided consisting of week, week ending and demand values, for use in both Holt-Winters and Artificial Neural Networking (ANN) forecasting. Both models were trained using this historical demand data enabling forecasts to be generated based on seasonal variations and other identified trends. Model validation was then performed through the comparison of metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE) and Mean Absolute Percentage Error (MAPE).
[bookmark: _Toc241662037]Holt-Winters
Holt-Winters exponential smoothing was selected for the traditional forecasting method due to its ability to generate accurate forecasts without requiring complex model structures, whilst effectively modelling trend and seasonal variations (Fried et al.,2009). The model was implemented in MATLAB using a historical dataset to forecast enabling the ANN model to be evaluated.
Holt-Winters is commonly implemented within supply chain due to its simplicity. However, the method assumes that the historical patterns will occur in the future Consequently, forecasting accuracy can decrease especially when demand patterns change unexpectedly.
[bookmark: _Toc241662038]Artificial Neural Network (ANN)
An Artificial Neural Network was also developed in MATLAB to evaluate the effectiveness of an AI-based forecasting approach. Historical demand data was also used to identify relationships between previous demand observations and the future demand values (Maier et al., 2023).  This makes ANN particularly suitable for forecasting application, especially when capturing underlying relationships within the data.
ANN models are a complex forecasting method which can learn relationships directly from historical data, enabling the modelling of complex and non-linear patterned data. However, ANN forecasting requires significantly greater computational complexity compared to Holt-Winters. However, the complexity has not impacted its popularity in supply chain where it has been widely implemented for its strong adaptability to changing demand and improving forecasting accuracy.













[bookmark: _Toc241662039]4. Forecasting Performance Evaluation
The forecasting performance has been assessed using 4 different error metrics: Mean Absolute error (MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE) and Mean Absolute Percentage Error (MAPE). MAE measures the average difference between predicted and actual values whereas MSE and RMSE focus on larger errors. MAPE expresses accuracy as a percentage which enables comparison between the methods. Together, these will provide an effective assessment of the forecasting performance.
[bookmark: _Toc241662040]Figure 4.1: Graphical comparison of actual demand and ANN forecasted demand
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Figure 4.1 highlights the relationship between actual demand values and the values predicted by ANN. The close alignment between the two demonstrates its ability to capture demand patterns and fluctuations on the dataset. Several significant demand spikes can be observed throughout the forecasted horizon.  Overall, ANN’s predictions do follow the general pattern whereas behaviour does worsen towards the end.




[bookmark: _Toc241662041]Figure 4.2: Comparison of actual demand and Holt-Winters forecasted demand.
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[bookmark: _Toc241662042]Table 4.1: comparison of forecasting accuracy for Holt-Winters and ANN models

	Metric
	Value (Holt-Winters)
	Value (ANN)

	MAE
	4749.2
	322.9

	MSE
	30710833.5
	177279.9

	RMSE
	5541.7
	421

	MAPE
	25.61
	1.80%



[bookmark: _Toc241662043]Figure 4.3: Percentage improvement in forecast accuracy achieved by ANN compared to Holt-Winters

Table 4.1 and Figure 4.3 Shows that the ANN model had a far stronger forecasting performance than Holt-Winters across all metrics. The most significant difference is seen in the MAPE results. ANN achieved 1.80% whereas Holt-Winters achieved 25.61%, indicating the accuracy of ANN’s forecasts being considerably closer to actual demand.
An MAE of 322.9 for ANN compared to 4749.2 for Holt-Winters indicates that there are lower average forecast errors suggesting forecast improvement of approximately 93.2%. Similarly, with RMSE, ANN’s value of 421 compared to 5541.7 suggesting forecast improvement of 92.4%. This comparison highlights that ANN was far more effective at reducing large forecasting errors.
Chatterjee et al. (2000), suggests that ANN forecasting model is superior to the rest of the forecasting models when working with complex demand. This conclusion is further supported by figure 4.2 where the red dashed line shows the difference between the actual and predicted data, highlighting its inaccuracy compared to ANN forecasting method The results demonstrated in table 4.1. While the Holt-Winters model has its advantages with simplicity, ANN provides better predictive performance.

[bookmark: _Toc241662044]5. Critical Analysis and Supply Chain implications
The results presented in section 4 demonstrate that the ANN model outperformed the Holt-Winters model on each metric highlighting a much greater forecasting accuracy. With far lower MAE, MSE, MAPE and RMSE values, it suggests that ANN forecasting method is far more effective at capturing patterns with this dataset. These findings support Yolcu (2013), who concluded that the ANN with linear and nonlinear time series patterns can more accurately forecast the dataset than with traditional forecasting methods. The significance of the improvement demonstrated in this study suggests that the demand data contains complex relationships, not fully captured by the Holt-Winters model. ANN has the ability to learn more from complex datasets , enabling effective adaptation to fluctuations and irregular demand patterns (Almeida, 2002).
Despite its benefits, ANN forecasting requires greater computational resources, model training and parameters to function effectively. On the other hand, Holt -Winters is simple and easy to implement in business. This makes Holt-Winters attractive for organisations looking for a quick forecast with limited analytical expertise needed, it makes it attractive. However, the simplicity of Holt-Winters has been outweighed by its forecasting accuracy within this study.
In supply chain management, accurate forecasting directly improves inventory management, capacity utilisation and production planning. The lower forecasting errors achieved by the ANN model enable organisations for improvements like reduced safety stocks which not only aid financially with storage costs but also maintain product availability. Furthermore, improved forecasting can assist with reducing overproduction or stock shortages as you can plan purchase orders and manual orders far better, reducing RMSE by 92.4% and MAE by 93.2% compared to Holt-Winters supporting the statement.
Despite Holt-Winters’ advantageous simplicity and ease of implementation, the ANN model delivered much greater value for the dataset analysed. The significant improvement in forecasting accuracy suggests that ANN’s complexity is justified by the financial benefits it will have across the supply chain.
Although ANN had far greater forecasting accuracy, it came with the cost of increased model complexity and computational requirements. Holt- Winters is far easier to implement and interpret due to its system simplicity.  ANN delivered a far greater forecast accuracy with greater complexity. ANN is preferable when accuracy is the main objective whereas Holt-Winters is preferable where the goal is simplicity.
However, using only one dataset has limited the study. The performance of each forecasting method depends on the complexity of data which varies in each industry. Future studies could include multiple datasets across different industries to reduce chances of error and assess performance in different environments.













[bookmark: _Toc241662045]6. Conclusion and Recommendation
Overall, the study evaluated Holt Winters Exponential Smoothing and Artificial Neural Network models’ ability to forecast historical demand datasets. The results highlight the consistent outperformance of the ANN over Holt-Winters by achieving significantly lower MAE, MSE, RMSE and MAPE values. These results suggest that ANN was more effective at capturing the underlying demand patterns within the complex dataset used.
Whilst Holt-Winters’ advantageous ease of implementation and simplicity offers some benefits; its forecasting accuracy was proven to be considerably lower than that of the ANN model. Overall, its benefits relating to complexity are outweighed by the improvements in predictive performance achieved using ANN.
Supply chain departments often deal with very complex datasets, particularly regarding inventory control, production planning and capacity. As per the results indicating that the complexity of ANN is being justified by the operational and financial benefits across the supply chain. Consequently, ANN is the most suitable forecasting approach for use in Supply Chain.
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I confirm the use of Artificial Intelligence for the preparation of this assignment. AI was used during the structuring of the assignment. I can confirm that the rest of the work is my own
AI tool used:
Microsoft Copilot
Purpose:
· Structuring assignment
I understand that the incorrect use of AI within my assignments may hinder my overall grade. I have provided reference to all information provided from external sources.

Benjamin McCoy-Hontebeyrie
30/09/26
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