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Abstract 

	Statistics is the gathering and analysis of data. Optimization must happen with a goal and through data analysis decisions to achieve these goals can be made in an informed way. The report examines what data is used in the logistics industry and how it can be used to optimise logistics operations. 


1. Introduction

	Statistics is defined by the Oxford lexicon as: “The practice or science of collecting and analysing numerical data in large quantities especially for the purpose of inferring proportions in a whole from those in a representative sample”(Lexico, 2020). 
	Statistics can be used to find the reason behind a re-occurring event, or find differences between two, seemingly similar set of research values. Analytical tests, like the student T-test developed by William Seasaly Gosset (Andersen, 2016), can find the difference, if there is any, between two gathered sets of data. These can be used to determine the location of warehouses (AlphaOpt, 2017; Singh et al., 2018), or the turnover of a warehouse (Mangan et al., 2008), and as such the safety stock one must keep. 
	Optimization is described by AlphaOpt (2017) as “… optimization is choosing inputs that will result in the best possible output or making things the best they can be.” By this definition, the following paper will try and understand how statistics can help optimize processes of logistic operations, with an emphasis on warehousing and warehouse management. 

2. Warehousing perspective

	Warehouses are complicated systems, where many small factors may effect the efficiency of the operations taken place within. These can be managed by warehouse management systems (Richards, 2018), but that raw data can be collected and utilized to make analytical calculations on how efficient, how fast, how effective, etc, a warehouse is. 

2.1. Space utilization 

	Richards (2018) gives a calculation to find the effective space in a warehouse. The formula is: 

	Space = (Roundup (number of loads * Hours to load) / Time of shift) * (number of pallets * Space per pallet) 

	This formula gives us a few variables to play around. For example, we can increase or decrease the length of the shifts the warehouse workers do per day and see how that affects the overall space capacity. If we warry the shift lengths and measure the efficiency of the warehouse while running on long and short hours, we can run a t-test to see if there is a difference made in how efficiently we utilised the space in the warehouse. 
	Mangan et al. (2008) also provides a calculation for measuring capacity utilization. His calculation is:

	Space utilization = Actual output/design output. 

	This is a simple formula but is easy to work with. Using this formula we can see how efficient we are in space utilization using different layouts, different managers, or any other factor. Sometimes there is a need to run a chi test to see that the variable tested is the one affecting the results, but if the results are positive, the result can help optimize the space utilized.  

2.2. Efficiency

	The efficiency calculation is given by Mangan et al. (2008) shows the capacity efficiency. The difference as described by Mangan is in the calculation:

	Capacity efficiency = Actual output/effective capacity

	The efficiency of the warehouse, according to Mangan, is how effectively it does turnover compared to the capacity the warehouse has. Here there are many variables that can affect the efficiency. Layout and route planning, tools and equipment and the loading and unloading processes can all affect the actual output. 
	Taking data on high and low-performance days, or if running multiple warehouses effective units against ineffective ones, then doing a chi test to analyse which variables are responsible for the low and high performances can point out what to improve. 
	One example of this is the Munters company. They had an issue where their workers where wasting too many of their hours manually scanning low bins in their warehouse (Richards, 2018).  This was solved by an automated system, which improved their efficiency. Such a step was most reasonably taken after an analysis of the various factors that could’ve limited their efficiency. 

2.3. Location

	The location of a warehouse is based on many factors, which can be turned into data. Proximity to workforce, good communication and open space all contribute to the decision of placement(Richards, 2018; Singh et al., 2018). All of this is data that can be turned into information. 
	Singh et al (2018) also promotes fuzzy number calculations as a good method of determining where to place a warehouse. This process weights data and gives a result which can be used to infer information and create a prediction of the operational capabilities of the warehouse. 
	Data processed through fuzzy number formula can be used to optimize the warehouse for the task it is required for. It allows the company to make the best possible decision regarding the placement of the block and makes it easier to make predictions. 

2.4. Turnover and stock management

	Inventory is held as a safety stock in many cases, and is aimed to be minimized (Mangan et al., 2008). This is done by assessing sales data and ordering in enough to satisfy demand. Mangan et al (2008) also gives a calculation for the turnover.

	Turnover = Cost of all goods sold in year/ Value of avg. inventory held throughout the year

	The reason for minimization of inventory is costs. As Singh et al. (2018) states, 24% of logistics costs in the EU are connected to warehousing, and a further 13% to inventory. These are statistics that show that stocking and storing costs significant amounts of money, and one who examines this data might want to find ways to decrease these costs. This form of optimization increases profit margins and allows greater investment into the company’s other operations.  
	
2.5. Other warehousing related data

	Data in warehousing is more than just data on turnover and capacity, though those are the most critical data on the basic capabilities of a warehouse. For successful operation of a warehouse it is also important to know what goods are being delivered, when they are being delivered, are the deliveries is late/early, where they will arrive, etc. (Richards, 2018). 
	A good example of this is cross-docking operations. The literature on the subject (Mangan et al., 2008; Richards, 2018; Van Belle et al., 2012) agree that cross-docking is difficult to execute because of the hardship of coordinating that many moving parts. Here data can help. A driver reporting their distance and arrival time to a cross-dock facility can help to give a time frame in which staff have to be ready. 
	Cross-docking helps to shorten the time stock stays in the warehouse, and consequently, minimize the costs. This optimises profit margins, and can help to optimize just in time deliveries. It can also help to speed up deliveries of an online retailer, optimizing their delivery times. 
	Other simple data required is what to ship in or out. A supplier of cars will need engines to be shipped to them from a warehouse or from the supplier, and they need to request a quantity. Without this critical information, supply chains cannot be maintained.  

3. Transport perspective 

	When thinking of transportation, the first data that comes to mind is the destination and the point of origin. Both of these critical data are necessary to begin operations. There is no point in planning unless these are known. Minimizing the travel distance, shortening travel time and increasing route efficiency is the methods of optimization that are the most relevant in this field (McKinnon et al., 2015).

3.1. Route planning 

	Route planning is an issue faced by many transportation companies (McKinnon et al., 2015). The Vehicle Routing and Scheduling Problem (VRSP) is based on finding the shortest distance one vehicle has to travel from depot to costumers while fulfilling all obligations. For this there are aiding programs to make this easier, there are still large sets of data that need to be collected to run the program. 
	For effective planning a company needs to know how many drivers and vehicles they have, how much each vehicle can transport, where do they need to make deliveries/need to take on stock, how long is the distance between two delivery points, etc. To complicate matters, en-route problems, like congestion and accidents, might add to the time it takes to complete a route. 
	A further complication is time windows (McKinnon et al., 2015). Certain deliveries must be made within a time limit, which further complicates route planning, because the shortest route might not be the one that minimizes travel time and cost. 
	DELMIA (2014) also points out that the efficiency of a planned route is dependent on many factors. They point out that sometimes drive-bys are inefficient in truck space utilization, and that some routes that have low route efficiency may still be important. 
	Optimizing a route has to be judged on a case by case basis. A route that is always the same, with the same path and the same stops, like a train, will be easier to optimize. Japanese bullet train services have a strict time constrains on what needs to be done while the train is stopped at a major train station (Wonderful Engineering, 2015). In the meantime, Amazon might have a harder time, having different destination to deliver each day. 

3.2. Giving data to costumer

	One of the threats of online ordering is the uncertainty of the ordered goods arriving. The Telegraph’s top five risks when shopping online (Pickup, 2017) includes counterfeit products as its number 5 pick. 
	One way of combating fears of counterfeit is giving information to customer that their order was received, and it is being shipped. Amazon and Dominos both have systems in place to show a costumer that their order is processed and on its way. These reassure the costumers that their order has been received and that they get what they ordered.  
	

3.3. Load efficiency

	Load efficiency refers to the capacity of the vehicle being utilized for each trip. It is commonly accepted that a truck leaving at 100% capacity is the most efficient (DELMIA, 2014), though that is not always the case, if the route planned includes another pickup location along the way. However, there are people who believe higher load proficiency is better (McKinnon et al., 2015), because it maximises the tonnage transported for fuel consumed, and because it is more environmentally friendly than lower efficiency routes.  
 

4. Conclusion

	Data in logistics is used everywhere and is critical to daily operations. Critical data like destination and what is being transported, where the load must leave from and how much is being transported, what needs to be stored and for how long, and many other critical data must be available for an operation to work. 
[bookmark: _GoBack]	To optimize these operations one must be able to gather data beyond critical data and analyse the results of their results and draw information from the data. Optimization can only take place if the data gathered tells the right tale, and shows what is wrong with the current system. It is also required to know what you want to optimize in a system. A non-profit organisation might want to focus on the optimization of service, while a for-profit organisation might want to optimize profit margins. 
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