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Introduction {3}
Business process modelling is used to both analyse and improve efficiency and productivity. Business process modelling has strong links to systems engineering. The main backbone for Business process modelling, is analysing, improvising and automating various inputs to allow the systems controller to organise and control the businesses assets. The modelling system also allows a more connected and controlled supply chain throughout.
Best described in an article by the balance small company.com,“The use of modelling techniques is important to companies who are deciding upon their new logistics network. The various modelling techniques can allow companies to look at a comparison of the functioning, cost efficiency, and customer service efficiency of the various logistics networks that have been proposed.” (Murray, 2018). 
This report will cover various modelling techniques such as the heuristic model, Supply-chain operations reference (SCOR), the optimization model and the simulation model and will analyse each model and explain the theory, of which the model is based upon.
This report will also cover different variables that have a direct correlation to the models and how changing these variables will affect the overall model output. 
Why are models popular within industry?
Models are popular because they can provide a reliable means of testing scenarios. They are normally quick to conduct and can be further implemented into a real-life situation or tasks. Models are reasonably expensive to conduct and dramatically reduce potential damage or loss, compared to a real-life scenario or testing.












Heuristic systematic model {4}
Heuristic systematic model is a widely known model created by Shelly Chaiken. Shelly Chaiken best describes heuristic systematic modelling in the abstract of her book. “The heuristic-systematic model proposes two distinct modes of thinking about information. Systematic processing involves attempts to thoroughly understand any available information through careful attention, deep thinking, and intensive reasoning, whereas heuristic processing involves focusing on salient and easily comprehended cues that activate well-learned judgmental shortcuts. Heuristic processing is a more efficient and relatively automatic mode of processing, but more often than not confers less judgmental confidence.” (Chaiken & Ledgerwood, 2012)
Heuristic systematic models (often referred to as HSM) are able to able to contain vast amounts of information but cannot provide an optimum solution for the information gathered. Heuristic models are often used to condense vast amounts of information to a more appropriately sized amount. Although Heuristic systematic models are helpful in many supply chain situations, they are often bias to certain subjectivity.

Supply chain operations reference (SCOR) {5}
The Supply chain operation reference model was improved by the supply chain council and has been recognised as the “most promising model for supply chain strategic decision making” (Samuel H. Huan, Sunil K. Sheoran, Ge Wang, 2004 )
In figure 1.1, the diagram shows how the Supply chain model is broken into various segments throughout the various stages.
[image: See the source image]






Figure 1.1- Supply Chain operations model diagram. (-, 2018)

The Supply chain operation model focuses on five main areas of the supply chain these stages are; Planning, Sourcing, Making, Deliver and Return. 
-Planning 
Supply and demand planning are a key stage within the supply chain, this will ensure that the other stages of the supply chain are successful. At the planning stage rules and regulations are often assessed to ensure that products or services comply with rules and regulations.  
-Sourcing
This step within the SCOR model ensures the correct infrastructure is in place to both store the raw material as well as make the product. At this stage previous planning can also ensure that the supplier network, agreement and performance is implemented. Payment of product is also introduced at this stage.
-Making
This step is the production stage of the supply chain. Various information is gathered and analysed to ensure that the product is to a set or required standard. This stage also considers the packaging.
-Delivery 
Management at the delivery stage includes warehouse operation management (including inventory management and the overall product life cycle (Introduction, Growth, Maturity and Decline).) This stage of the Supply chain operation reference model also covers the information needed for importing and exporting.  
-Returning 
Companies have to ensure that they are providing a responsible returns policy. The company must adhere to the rules and regulations set by the industry.
(information obtained from (APICS, 2018))
Supply chain operation refence can be applied to many types of organisation, for example SCOR would be used within a motorsport environment to ensure maximum efficiency of staff and vehicles, whilst also covering all contributing externalities and abnormal factors to alleviate potential damages that could compromise the team’s overall performance.    
Outside of motorsport SCOR can often be used to mitigate occurring problems and ensure a smooth transition between supply chain stages. This can help to reduce overall wastage thus increasing profit margins for the company. 


Optimization model {6}
Optimization models use precise mathematical and non-mathematical algorithms, including a minimum and maximum. According to extremeoptimization.com “Optimization problems can be classified in terms of the nature of the objective function and the nature of the constraints. Special forms of the objective function and the constraints give rise to specialized algorithms that are more efficient.” (Extreme Optimization , 2018) This article further goes on to explain how there are four types of optimization model these are; Unconstrained optimization, linear program optimization, quadratic program optimization and nonlinear program optimization.
According to the book Multi-Level Decision Making “Many real-world decision problems can be modelled by an optimization framework. To model a decision problem as an optimization model, we need, in principle, three sets of basic variables: decision variables, result variables and uncontrollable variables (or parameters).” (Guangquan Zhang, 2015) These variables can also be linked back to the previous optimization programs previously stated.

Decision variables {7}
Decision variables are alternative courses of action and are often determined by the other variables. An example of a decision variable is the number of people working in a certain section of a team, e.g. number of people working in a tyre department at a race event within a certain area.

Result variables {8}
Result variables are often achieved after every other variable has been completed. A prime example of a result variable is profit (total revenue- total costs =profit). Result variables are vastly determined by the decision variables but can also be determined by the overall operation and correlation between the variables. 

Uncontrollable Variables (or parameters) {9}
Uncontrollable variables control the overall final output, for example, in logistics, rules and regulations are often put in place to ensure staff and public safety, one of which being driver’s hours along with MAM weight carried. These uncontrollable variables can often compromise the final product or service and can increase or decrease overall costs. 



Optimization programming {10}
There are many types of optimization programming such as linear programming. This can only be used if all constraints are linear. “Linear programming is heavily used in various management activities, either to maximize the profit or minimize the cost. It is also the key technique of other optimization problems.” (Extreme Optimization , 2018)
Linear programming uses an algorithmic mean to find the superlative structure to ensure a maximum outcome such as profit or productivity. 
Non linear programming is best described as “The process of solving a problem of equalities and inequalities, collectively termed constraints, over a set of unknown real variables, along with an objective function to be maximized or minimized, where some of the constraints or the objective function are non-linear.” (Extreme Optimization , 2018)

Discrete models {11}
Discrete models are used when data is discrete rather than continuous. Some examples of discrete models could be total yield or survey and questionnaire results, where a continuous pattern is not always present. A prime example of this within motorsport could be seen at a race track with the number of spectators. The number of spectators is discrete as the number attending can change throughout the day or within a certain period of time. Another example of this can be seen within the logistics industry, the example could be the number of parcels leaving a distribution centre over time and this data gathered would often be different from previous or forthcoming data. 

Simulation models {12}
The definition of a simulation model is best described in Keebler’s Global logistics, as a “mathematical representation of a problem, with solving alternatives for various scenarios, and solutions compared for decision making, drawing insights, testing hypotheses, and making inferences”- (Keebler, J.S. , 2006)
Simulation models show a systems behaviour over a period, it allows companies to generate a proposed example of a system and they can then decide whether to implement this system or not. There are 3 main types of simulation model these are; the Monte Carlo simulation model, the operational gaming model and the system simulation model. 
-The Monte Carlo simulation model is a technique used to understand various risks, such as financial forecasting, project management changes and other uncertainties. Best described by RISKAMP (Monte-Carlo Management software system) “In a Monte Carlo simulation, a random value is selected for each of the tasks, based on the range of estimates. The model is calculated based on this random value. The result of the model is recorded, and the process is repeated. A typical Monte Carlo simulation calculates the model hundreds or thousands of times, each time using different randomly-selected values. When the simulation is complete, we have a large number of results from the model, each based on random input values. These results are used to describe the likelihood, or probability, of reaching various results in the model.” ( Risk AMP, 2018)

- The operational Gaming model theory considers human behavior and strategic settings. In theory the Equilibrium of data sets between two or more participants. It uses the best and most efficient way of solving problems. The Operational Gaming model uses a range of solution concepts as not every situation is linear. These solution concepts are;
1. Dominant strategy equilibrium 
2. Nash Equilibrium		
3. Subgame Perfect Nash Equilibrium 
4. Bayesian Equilibrium 
5. Weak Perfect Bayesian Equilibrium 


The most used strategy within the operational gaming model is the dominant strategy equilibrium. In simplistic terms, this is the strategy that is the most common or frequent in comparison to others. This can be related back to both logistics and motorsport strategy. For example, on a motorsport vehicle you strategically select tires for a race, one would almost compare themselves to their counterpart’s strategy to ensure competitiveness.
-Best described in the Managing supply chains a logistics approach book by Billy C. Langley, the system simulation model  is “the process of designing a model of a real system and conducting experiments with it for the purpose of understanding system behavior or evaluating various strategies within the limits imposed by a set of criteria governing system operation.” (Langley, et al., 2012)
The system simulation model uses computers to imitate the real-life scenario that the model would be conducting. System simulation modelling can be used in many industries. Systems simulation can often be seen in the aerospace and the motorsport industry. Systems modelling is used to train drivers or pilots to ensure they know how to operate the vehicle in a real-life situation, vastly reducing risk of failure or damage. Simulation models are often cheaper to run than real life scenarios. 
Simulation modelling can also be used in logistics, for example in a warehouse, simulation can be used to assess potential hazards and safety concerns etc… Simulation can also be used to design floor and storage plans to ensure maximum efficiency, whilst also taking into account all other depending variables. Using simulation modelling in logistics, allows for companies to improve or expand there already existing model without testing in a real-world scenario. 


Conclusion {13}
In conclusion, this text has covered various types of models and how they can be applied to real life situations within both the motorsport and logistics industry and provided given examples. This report has also de-constructed each model and has explained how the model operates through various algorithmic equations as seen in the optimization model to the segmentation breakdown of the supply chain operations reference model (SCOR).
When conducting various research to form this report, there was a prominent trait that occurred when implementing models. This trait was that companies would use models to implement a ‘what if’ strategy. A prime example of a ‘what if’ strategy, was previously justified in the system simulation segment of this report. {12} Logistics companies would often ask themselves what if ‘x’ was changed to increase space or what if ‘y’ was changed to reduce overall waste. These questions could also be implemented into a motorsport-based environment whether that be on track or in the factory and have the same overall effect. With the use of modelling, questions can be answered with little monetary and time costs wasted.
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