The automotive industry stands as one of the most important industries in the U.S. and worldwide. As the sales of automobiles continue to increase, the demand for automobile shipping services experiences a corresponding upswing. Apart from the transportation of finished vehicles from auto manufacturers to dealerships, preowned automobile shipping has a larger presence in the automobile shipping industry, as the pre-owned car sales are almost three times as large as the new car sales. The shipping of preowned automobiles emerges in many contexts, such as individuals relocating to geographically distant locations, online car selling and home delivery, and transporting used automobiles to developing countries. 

Despite the significance of automobile shipping, a significant gap exists between academic research and industry practice in automobile shipping. Scholarly research only began incorporating automobile shipping optimization models in the 1990s, despite the industry's mass production dating back to the early 1900s. Highway-based automobile shipping involves various intertwined decisions, including partitioning, loading, routing, and reloading. A detailed survey of related literature reveals notable research gaps, particularly the lack of efficient algorithms for optimizing loading decisions. Some studies focused on optimizing loading decisions for given routes. None have presented an integrated model for precise routing and loading plans. Existing research prioritized routing optimization, potentially yielding suboptimal solutions without considering loading quality. There is a critical need to simultaneously address loading and routing decisions in solving the automobile shipping problem, bridging a notable literature gap. Consequently, the specific research objectives are described as follows: (a) the development of an efficient algorithm for optimizing loading decisions, and (b) the proposal of an integrated optimization method to address both auto-carrier loading and routing decisions concurrently.

To achieve the first objective of this research, we investigate the impact of the degree of allowance in reloading on both solution time and overall cost efficiency in automobile shipping operations. A solution approach is developed based on a space-state network to optimize the loading decisions under various reloading policies while considering predefined auto-carrier routes. The outcomes of benchmark analysis demonstrate that the two proposed loading policies offer a favorable balance between cost efficiency and computational time. 

Next, an integrated optimization model is proposed that concurrently addresses routing and loading decisions, taking into consideration their interrelations. The methodology employed for solving this problem involves the utilization of a column generation-based heuristic. An essential aspect of this approach is the simultaneous evaluation of loading costs for each route, which directly influences the column generation process, thus accounting for the intricate relationship between loading and routing decisions. Furthermore, this study includes a series of comprehensive computational experiments aimed at comparing sequential and integrated optimization approaches to loading and routing optimization. The computational experiments yield compelling evidence that the proposed integrated loading and routing optimization approach consistently delivers superior outcomes within manageable computation time, particularly when addressing large problem instances.

The developed integrated optimization method can be adapted for solving other optimization problems, especially those involving making sequential decisions.
