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Abstract

This paper will show the uses modelling has within the Logistic environment, both as part of supply chains and as part of transportation models, while providing examples. Most of these examples will be derived from the software model AnyLogic, although other software like ARENA are given mention, as well as systems that are theoretically can be used in such regards. 
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1. [bookmark: _Toc65587558]Introduction

Modelling as a tool to improve logistics operation has been around for years, with Borshchev et al. (2002) using AnyLogic in 2002 to simulate discrete and continuous behaviours. An even older source discusses the use of modelling in their time, and makes predictions of the future of modelling (Bowersox and Closs, 1989), having projected that modelling software will become more refined, allowing for a more detailed look into the supply chain. This has been achieved, by amongst other things the AnyLogic software (Baggio, 2015; Grigoryev, 2018).
There are two major modelling techniques, called the Discrete Event Simulation (DES) and System Dynamic (SD), which have emerged simultaneously, though independently over the years (Tako and Robinson, 2012). Tako and Robinson (2012) state that the generally accepted belief is that SD is better when used for strategic level of simulation, while DES was better for tactical level simulation. These can be referred from the names of the techniques, with SD referring to the whole system, while DES explicitly for discrete events, meaning micro level. 
There is an academic debate on which of these methods are better, though the preference for either system is possibly derived from personal experience. This can be derived from the differences of the writings of Persson and Araldi (2009), who uses DES modelling in his example, describing it as simple to use, compared to Rushton et al. (2017), who talks about the usage of “rough-cut modelling” for large scale logistics being better, a feature of SD modelling. Modelling was also used to see how PT can affect the spread of diseases, which is more relevant now then ever (Ohkusa and Sugawara, 2007). 
There is another system discussed by Grigoryev (2018), a system they call “agent based” (AB), which a system supported by AnyLogic, which they claim is an alternate middle ground between the two systems. The idea of the AB system is recent, emerging as a theory roughly 15 years ago, with the development of stronger and more capable softwares and hardwares. It is described as a more demanding method than either SD or DES.
This paper will deal with primarily AnyLogics, as the software is familiar to the author, and is overall and easy to use, and clear modelling software that has the capability required to complete a range of tasks, with enough features that it often does not require, or requires only a minimal amount of outside help (AnyLogic, 2012; Baggio, 2015; Magilton, 2017). 
There have further been identified in literature 3 main methodologies for modelling: simulation, Heuristic; Simulation and; Analytical, also called mathematical (Bowersox and Closs, 1989; Rushton et al., 2017). These methods define what perimeters have are being utilized in setting up the model, each method with their own advantage. 
Furthermore, there is a growing debate amongst academics on the topic of gamification, a term with no defined meaning, though commonly understood to mean the introduction of game elements to learning (Haahtela et al., 2015). As part of this paper, this concept will gain a mention in the form of a game, Cities: Skylines, an interactive, modern take on a city builder (Paradox Games, 2021), a simulation type game with a logistical management element involved. 

2. [bookmark: _Toc65587559]Modelling Concepts
2.1. [bookmark: _Toc65587560]Methods

As mentioned in the introduction, there are a 3 generally accepted methodologies for modelling: Heuristic, Analytical and Simulation (Bowersox and Closs, 1989; Rushton et al., 2017). The methodological differences are: 

· Heuristic: This method has been described by both Bowersox and Closs (1989) and Rushton et al. (2017) as a “rule of thumb” method. Using this method, the one making the model uses previous knowledge in the field, and experience to assign values and create the situation. If a model that is being used is based on a real life situation, with pre-existing conditions, the use of this method is also justified to figure out managerial decisions that could improve productivity (Bowersox and Closs, 1989).
· Mathematical: This method uses the optimal numbers in an attempt to calculate the best location for warehouses, or best option for partners (Rushton et al., 2017). This method, also called Analytical, aims to find the best option, instead of the most optimal (Bowersox and Closs, 1989). The use of this method is the best when considering the hypothetical best solution to a problem. 
· Simulation: The simulation is not an optimization tool like the Heuristic method, not a perfect solution like the mathematical, but rather a response generator that shows how components of the system would react to a situation (Rushton et al., 2017). Unlike the other two, this system can have high levels of uncertainty (Bowersox and Closs, 1989), making it ideal to “simulate” how a system would react to changes.

[image: The famous Wiener Riesenrad ferris wheel can be seen at the entrance to the Prater amusement park, Vienna.]These methods can be utilized in many different ways. Systems like AnyLogic are able to use any of these, with an example of a heuristic method used by Baggio (2015) when presenting how AnyLogic can be used to optimize for supply chains, while the official AnyLogic YouTube channel have advertised the simulation capabilities of the software in 2012 (AnyLogic, 2012). These capibilites were later tested and proven by Magilton (2017), who used the simulation software during his webinar to create a warehouse that simulated arrivals, and even traffic congestion.
There is also a growing academic debate on the use of games for simulating purposes as many games are based on powerful game engines, capably of high levels of virtual simulation (Olszewski et al., 2020). For an example, the city on Figure 1 is simulated in the game Cities: Skylines. (Guardian, 2015)Figure 1. Vienna in Cities: Skylines (Guardian, 2015)
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3.1. [bookmark: _Toc65587562]Optimization

[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (33).png]Using modelling to find the optimal solution can be a cheap way to re-organise supply chains, one that does not disrupt the existing system until a solution is found (Grigoryev, 2018; Magilton, 2017). This is advantageous for companies who do not want to upend their operations on a risky endeavour without information. Modelling an optimization strategy can show where it falls short, and where the system may succeed. Figure 2. Screenshot of Baggio’s model in action (Baggio, 2015)

An example of this is the aircraft part distribution optimization created by Baggio (2015) in the AnyLogic software. This system is made as a tutorial showing others how the software can be used for such purposes, and uses a GIS map as a base to create the system. The map is showing the greater Chicago area, and during the tutorial 8 airports as delivery locations, and a town called Elgin as the production plant. The goals of the experiment is to optimise the number of trucks needed to fulfil all orders from the airports on time. 
Optimising in such a way is important, because the real life system can be very delicate and susceptible to breaking under sudden, regular changes. If one such model can prove – or give a strong indication – of a solution that works, then the heads of the company making the change can be certain that their new method will work, and they can make a singular change without needing to go through dozens of methods before finding the right one.

3.2. [bookmark: _Toc65587563]Warehouse 

[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (35).png]The location of warehouses is an important decision in the sustaining and creation of a supply chain (Richards, 2018), and is possibly the most important decision one will have to make. A warehouse, or a distribution centre (DC), is a large investment and is not mobile. Making the choice of where to build one – if the option exists – or select out of the possible options will impact the company for years (Richards, 2018). Figure 3. Warehouse and manufacture locations on a GIS map (Magilton, 2017)

When selecting warehouse location, sever factors are in play, from road connectivity to availability of workforce (Richards, 2018). The distance of the warehouse from major consumer centres and/or production facilities is important to know, and it can be a deciding factor selecting the location. Figure 3 shows the location of warehouses in Germany, made in Anylogics by Magilton (2017), showing the supply chain movement between warehouses and other agents. While the purpose of the model is not to show the location selection of warehouse, the system can easily be re-programed to show each warehouse on the map as potential locations, and an efficiency counter can be programed in to monitor the performance of each warehouse. This would allow a company manager to make an informed decision to where to establish the next warehouse. 
[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (36).png]Road connectivity is another important one, and one that can be modelled using AnyLogic, as proven in the Webinar of Magilton (2017). He created a system that utilizes a GIS map, with a warehouse in the centre, with road mapping tools providing the connectivity. His model shows where the congestion points are, as shown on Figure 4, and using his model, the company in charge of the warehouse was able to improve on their activities, by shortening the waiting time at the entrance of the warehouse for trucks. Figure 4. Congestion map by Magilton (2017)

Warehouses can also use modelling to improve space efficiency and understand worker behaviour using modelling, which was the main topic of Magilton's (2017) Webinar. He used the AnyLogic system to model the inside of a warehouse, and show how it was working. Figure 4 is a screenshot of his webinar, where not only the roads around the warehouse are modelled, but upon zooming into the warehouse, the operations of the warehouse were also simulated, and how the traffic affected the warehouse’s operations. 

3.3. [bookmark: _Toc65587564]Supply demand prediction 

[image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (39).png]Demand prediction is an important aspect of modelling, with early sources, like Petrovic et al. (1998) proposing early fuzzy number methods to sort out the demand variability of supply chains, and how it affects supply chains. The system they propose is a fuzzy system in a mathematical method model that would interact with up and down the supply chain. 
A similar system is created by Grigoryev (2018) when trying to teach the use of the AnyLogic system in their book on the system. What they propose is a simulation of the effect of marketing and how that will affect demand. The system considers the duration of time people will need to wait for their products to arrive, and word of mouth spread of news. The system they create for educational purposes shows a simplified example of how this can be implemented into supply chains. On Figure 5 can be seen the results of the model after use. Figure 5. Marketing effect on people (Grigoryev, 2018)

The use of supply chains for these sort of purposes is important to enable effective inventory management, and production management. If the production requirements are too high, there will be waste products produced, while if the demand of too high, then production might need to be expanded to meet demand. 

4. [bookmark: _Toc65587565]Modelling in Transportation
4.1. [bookmark: _Toc65587566]Public transportation planning

Public transportation is a complex art, involving such small things as signal priority planning (Altun and Furth, 2009) and competitors that one would not necessarily consider at first, such as micro mobility options in the form of bike share systems (Campbell and Brakewood, 2017), and recently electric scooters (Hull, 2020). 
City planning is also closely tied to PT, especially within city and town limits, as the construction of bus and cycle lines can help in encouraging such transport methods (Foreman and Kendler, 2018a). City planning is a complicated area of study, and involves a lot of factors, many of which can influence how a city infrastructure can handle PT. An example of bad foresight by city planners comes from London, when they scrapped the city’s expansive tram network, thinking that it will not be relevant again (Foreman and Kendler, 2018b). 
[image: C:\Users\Bence\OneDrive\Pictures\Saved Pictures\1920.jpg][image: C:\Users\Bence\OneDrive\Pictures\Screenshots\Screenshot (34).png]Figure 6. WinterSim 2016 studies (Magilton, 2017)
Figure 7. The city of Manhattan re-created in Cities: Skylines (Guardian, 2015)

While simulation programs like AnyLogics have GIS capibilities (Baggio, 2015; Magilton, 2017), and systems like ARENA have been used to simulate T-junctions without signal lights successfully (Kamrani et al., 2014). These programs however are hard to use for those untrained in them and hard to get into, using complicated terminology. And while the two systems had a combined 53% market share in WinterSim case study publishes  in 2016, as seen on Figure 6, there is a theoretical alternative that can be used in the form of the game software Cities: Skylines. 
Cities: Skylines is a game released by Paradox Interactive, and is a simplified view on a city planner game, where one takes control of the planning process for the entire town, acting as a major and a one man development committee (Haahtela et al., 2015). The game has been considered for the use of teaching city planning to university students by the Aalto university, planning to replace their existing system. The paper by Haahtela et al. (2015) explores this, and finds that the game system, while detailed and strong, without modifications (Guardian, 2015)and updates in not yet sufficient for city design. However, he does site the strong transportation and agent based model for each individual citizen as strong points for the game. 
These systems are indeed strong, and with the right tools could be implemented and modified to simulate PT options. While there are no micro-mobility options in the base game, there are plenty of “fan-made” content available, which is content created by the players to enrich their own experience. The range of PT services that can be implement is also expansive (Paradox Wiki, 2021), with buses, trams, trains and even blimps. 

5. [bookmark: _Toc65587567]Conclusion

In conclusion, there are plenty of uses for modelling within the Logistics sector, and this paper is by no means able to show all of the uses, due to word count limitations. Modelling in logistics is already a well-established method for dealing with real life problems in a virtual space where the experimenting with existing systems does not pose any threats. 
Limitations on what can be modelled is dependent largely on the software used, the hardware that runs the system, and the skill of the one modelling, as can be seen from the examples above. These show definitely that the current levels of modelling software are almost unlimited in what they can be used for, leaving external limitations as the major point of limits. 
There are also new software emerging in the form of video games, many of which are still in their infancy, though are increasingly catching up to the capabilities of dedicated systems, and in some regards, like graphics and simulation quality are already beating most of the modelling systems. In the technicalities however, many of these games still fall short in becoming anything more than an academic “what-if”. 
Overall, modelling has established itself as a part of supply chain planning and operational management tool that allows one with sufficient skill and know-how to simulate and re-create any situation that they find themselves in, and to use these models to make informed decisions. 
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