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Introduction
In this report it will critically discus the roles of various different types of models and how those different models help create solutions to logistic management problems. In this report it will state that there are 3 different forms of methodologies for modelling. The three accepted forms of methodologies include, Heuristic, Analytical and simulation and these three forms of methodologies will be mentioned along with their uses and advantages to help modelling in logistics. Also, in this report there will be examples of modelling in supply chains such as the importance of warehouses. Furthermore,  the use and methods of probability models will be discussed to show how much of a key role they play in the function of successful logistics. Overall, once all of the above has been discussed it should be evident if all the various types of modelling and methodologies actually prove beneficial or not to the world of logistics.
Different types of methods in modelling 
As stated in the introduction there are three common methodologies that are accepted for modelling. These three methodologies include, Heuristic, Analytical and simulation. The differences between these three methodologies include:
Heuristic Model
Firstly, Heuristic models can store large problem definitions however, they do not provide an optimum solution. The use of a heuristic approach can be beneficial as it can reduce a problem to a manageable size and search automatically through many alternatives in an endeavor to find a better solution.  To reduce the number of location alternatives, the heuristic program must be known to the decision maker, and they must incorporate the programs site characteristics to be optimal. An example of an excellent use of a heuristic model is shown when a tire company in Brazil with multiple products in a four-layer, multi-product has a Supply Chain Network Design problem (SCND). There have been several techniques developed to deal with this problem, the main focus based on heuristics. However, they have serious limitations when it comes to the number of warehouses, products, and consumer zones they can handle. As a result, their practical application to the specific addressed real-world issue is limited, as it involves hundreds of elements in these dimensions. Heuristic methods can solve large-scale problems in a reasonable time by combining a multi-start mechanism with a rounding strategy, which solves the models generated by the multi-start method. In this way, the solution search is ensured to be diverse while preventing stagnation in a local optimum. The heuristic method using random-generated instances is then tested, with different sizes in terms of suppliers, factories, and warehouses, products, and customer zones. The results collected appear that the new solution methodology is competitive unlike the previous advanced approaches, with the benefit of answering larger instances more efficiently and effectively. After these instances have been solved more efficiently and effectively the heuristic model is then used on the company who aim to restructure its supply chain due to the proposal of a new factory. The planned approach of the heuristic model shows certainty to answer this practical application which includes a remarkable amount of warehouses, products and customers. (da Silveira Farias et al., 2017)



Analytical Modelling
The second type of methodology in modelling is called analytical modelling or sometimes known as mathematical models. This type of modelling represents problems in the real world through a system of mathematical equations and expressions based on crucial assumptions, estimates or statistical analyses. Leaders of top businesses around the world ae coming face to face with various obstacles which include cost, tax laws, material availability, skills, and new market entry and others have led organisations to completely re design and reconstruct their supply chains constantly. The difficulty to manage and control those supply chains which become globalized become more difficult,  it will also result in more incompetent existing experience and intuition. Thus, to achieve that inadequacy it is imperative to have the use of mathematical models. The use Mathematical models to optimise supply chain is on the increase due to the fact it lowers costs and creates a greater capability. Over the whole of the supply chain management mathematical modelling is not only designed to only be used on a specific level. Mathematical modelling can be used at any level such as strategic, tactical, or operational. When using mathematical modelling at any level it is crucial that factors such as transportation routes, distribution networks or warehouse operations are considered. Problems associated with a supply chain that are approached by mathematical modelling usually include” linear programming, mixed-integer/integer linear programming, nonlinear programming, multi objective programming, fuzzy mathematical programming, stochastic programming, heuristics algorithms, and metaheuristics and hybrid models.”(Lee, Golinska-Dawson and Wu, 2016)  When it comes to supply chain quality management relationships are crucial in order to be successful so it Is important to use strategies to increase relations with the buyer suppliers. With the use of mathematical modelling and the relationship being very good there is a decrease in traceability levels which then results in an increase in shareholders losses while decreasing the operation cost. This use of modelling will benefit businesses greatly as it will help management to optimally set the production batch sizes in order to decrease the product recall impact. 
Simulation Model
The third and final modelling methodology that this report will discuss is the methodology of simulation. Simulation and modelling are concepts that can be regarded as very similar. Modelling can be a universal representation of a real word processor system. Whereas simulation is the imitation of the real word processor system over time. Simulation involves constructing the model and testing with it in order to establish insight into how the system acts based on a definite set of inputs and help in decision making processes. Simulation modelling plays a huge part in the estimation of performance measurements or evaluations of the systems behaviour regarding specific set of inputs. Moreover, simulation modelling uses experiments to reproduce and test various decisions in a well-controlled manner. When an issue is seen as a mathematical representation it is also called simulation modelling. The use of simulation modelling will answer alternative scenarios, and also solutions compared for decision making, drawing insights, testing hypothesis, and making inferences. Supply Chain Management needs support and assistance from various types of models however, here’s why simulation modelling can be so beneficial to supply chain management. Firstly, if a company constructs a simulation facility it can give them an understanding and analysis of the Supply chain management. Secondly, it obtains supply chain dynamics and variations and also displays systems behaviour over a period of time. Moreover, it grants evaluation of proposed strategies without implementation. Also, it can allow what-if analysis to be implemented and finally it can give an insight into the priority of variables that can be obtained. Simulation modelling contains four different types of simulations. Firstly, there is Stochastic simulation which is means there is at least one random input variable, secondly there is Deterministic simulation which  means there are no random variables, thirdly, static simulation is when it does not include the passage of time, and finally, there is Dynamic simulation which involves a discrete event and continuous event. Discrete event involves state changes that only appear at discrete points in time, which is set off by events, and continuous occurs when state variables change constantly with respect to time. Simulation is only beneficial when you know why simulation is good for supply chain management, knowing what type of simulation will be used but also most importantly when to simulate. It is vital that a company or business knows when to simulate as simulation models do not automatically provide optimal solutions. Also, it is important to know when to simulate as they allow experimentation with various input values to see the effects on outputs and performance metrics. For simulation to be beneficial for a company, the only way is when firstly, an operational decision is being discussed. Secondly, when analysing the process is seen to be well defined and repetitive. Thirdly, when events and activities are interdependent and variable. Moreover, when the cost impact of the determination is larger than the cost of actually doing the simulation. Finally, when the cost to experiment on the actual system is larger than the cost of simulation.

Warehouses Modelling & Warehouse simulation
Software tools can be used to demonstrate, simulate, and model designs. Real time modelling allows clients’ an overview of the proposed operation in the concept design phase enabling the ability to confirm the efficiencies, capacities and improve the resilience of proposed systems.
Simulations use real-world data to forecast possible outcomes and scenarios. It can aid in concept development and planning for: –
· Improve lead times
· Reduce excess inventory
· Make the most efficient use of available resources
· Address warehousing issues
· Investigate productivity
· Reduce inventory costs
As a result of underperformance in areas of the automated materials handling system, the simulation and modelling research was commissioned.
Underperformance was manifested for a number of reasons including:
· Late deliveries into customer RDCs
· Orders being delayed
· Incomplete orders being delivered
Late deliveries of raw materials and packaging to Production were also a problem, causing production delays and shortages, which had a negative impact on the efficiency and timeliness of finished goods warehousing order picking and loading operations.
As output volumes climbed and the Warehouse began to operate 24 hours a day, seven days a week, it became more difficult and time-consuming to recover from failures as they occurred, as well as to build in the resilience to deal with future issues.
One of the most significant aspects of this technique and modelling was to provide a clear picture of how the system worked. However, due to a lack of detailed information on the PLC and control logic, more emphasis was focused on observation and, eventually, the models understanding.
Observation, workshops with the client, and reading operational documents were used to develop an understanding of the operational and management systems. Timing system activities, tracking product pallets, and noting bottlenecks were among the observation activities that allowed them to build an "as is" (Logistics planning consultants, 2022) model.
After identifying and simulating the problem regions, the simulation model was used to change characteristics such as decision points and the logic used to determine where pallets should be transported in various situations.
Although these changes resulted in gains, bottlenecks remained a concern. The layout was then modified by adding by-passes, moving profile gauges, and adjusting speed settings.
The effects of these adjustments were then recorded, and all of the changes to the logic or physical architecture were modelled separately so that the benefits of each could be realised. These findings were subsequently forwarded to the equipment providers for change.
As a result, the system was tweaked to work properly and eliminate the bottlenecks that were preventing raw materials and completed goods from getting to the appropriate place at the right time.
A corrugated packaging plant is depicted in this model. They usually get blanks from a work in process bank located between a corrugator and the converting machines that die cut, print, and possibly fold and glue the finished packages. The finished product stacks are then transferred to a finished goods section, where they are placed on a pallet, then strapped, and occasionally wrapped, depending on customer specifications.
The stacks from the converters were collected and transported to the finished goods area by an automatic car at this plant. Conveyors were used to model this transfer in this concept.
The issue with using cars is that if they are overloaded, completed stacks may have to wait at the car pickup location, forcing the converter to stop output. This is referred to as blockage, and it can drastically lower the efficiency of converters, particularly those with a high output.
Conveyors have an advantage over cars in that, in addition to carrying stacks, they also provide buffer storage, which can lessen the amount of obstruction on the converters.
Another requirement was that converter stacks be released in pairs and kept in pairs throughout the system. This was done so that forklifts transporting palletized stacks into the warehouse could stack the pair as conveniently as possible, increasing forklift truck utilisation.




Inventory models
The study of inventory models is driven by two fundamental questions: 
Firstly, How much should be ordered each time? 
Secondly, When should the reordering occur? 
The main goal regarding inventory modelling is to reduce overall variable cost over a set period (assumed to be annual in the following review).
There are four different types of models associated within inventory modelling and they include 
Economic Order Quantity (EOQ) Model (is the ideal order quantity a company should purchase to minimize inventory costs such as holding costs, shortage costs, and order costs. This production-scheduling model was developed in 1913 by Ford W. Harris (Fernando, 2022) and has been refined over time.)
Economic Production Lot Size Model (This model assumes a constant production rate that is predetermined and inflexible, and perfect quality. Recent models have removed the assumption of perfect quality while maintaining the inflexible production rate assumption) (Khouja and Mehrez, 1994)
Inventory Model with Planned Shortages (INVENTORY MODEL WITH PLANNED SHORTAGES A shortage, or stock out, is a demand that cannot be supplied. In many situations, shortages are undesirable and should be avoided) (engrfaisal222, 2016)
Quantity Discounts for the EOQ Model (This type of model considers quantity discounts. Quantity discounts are price reductions designed to induce large orders.)(allBusiness, no date)
When a company is managing inventory costs or any type of cost that could potentially lose the company money. Inventory models are great ways to find solutions to reduce costs. However, there are some costs that need to be addressed to demonstrate how difficult it is to manage these costs.  Firstly, Ordering cost, This type of cost involves salaries and expenses of processing an order, regardless of the order quantity. Secondly there are holding costs which  usually involves a percentage of the value of the item assessed for keeping an item in inventory (including cost of capital, insurance, security costs, taxes, warehouse overhead, and other related variable expenses) Moreover there are backorder costs which are associated with being out of stock when an item is demanded (including lost goodwill) Next a simple type which is Purchase cost  which is just the actual price of the items and finally there are so many more Other costs to consider. The most basic inventory models assume that demand and the other problem parameters are deterministic and constant.





Conclusion
To conclude this report has demonstrated what it was set out do by explaining in detail and with examples of different types of modelling that can be used for logistic management problems such as the use of the Heuristic model, Analytical model and also the simulation model. Also, this report has mentioned the importance of Warehouses Modelling & Warehouse simulation and the advantages that come along with the use of this type of model such as Improved lead times, Reduced excess inventory, Making the most efficient use of available resources, Addressing warehousing issues, Investigating productivity, and Reducing inventory costs. This report has also gone into detail on the crucialness of the inventory models and what different types of models within inventory model to use where and when. In my opinion in conclusion, this report has shown  detailed information about various types and roles of models and what makes then beneficial for any company.
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