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Summary:

The objective of the inventory management problem is to manage the given fleet of cars in order to satisfy requests to use the cars, while minimizing the cost of satisfying these requests.

Solution:

We analyzed different mathematical formulations in search for a solution. We investigated integer-programming formulations. We found that these formulations are too difficult to solve, generally solved by LP relaxation and column generation techniques embedded in branch-and-bound procedures. These types of solutions require using a programming language with an optimization library. Yet they are not so complicated as the inventory management problem. So we decided to develop a heuristic.

Algorithm:

i) There are three main heuristics in the algorithm.

ii) Allocation Heuristic

iii) Rent Decision Search Heuristic

iv) Buy Decision Search Heuristic

The orders are sorted according to their starting times and stored in a doubly linked list. We separated orders that require more than one car, say x, as x distinct orders each requiring a car. All orders are satisfied by subcontracting at the start time.

Parameters:

Search window size: specifies the number of orders that will be included in the search space for a rent decision. This parameter effects the run time and the solution. It controls the tradeoff between run time and result. But it has no effect after a threshold value (generally 5).

Search type: specifies the type of orders in the search set. If it is a, all the orders between the first order and last order of a car type determining the search set will be included. If it is r, only the orders of the same car type will be included in the search set.

Substitution allowance: specifies whether substitution will be performed. In some instances with substitution, the heuristic performs better without substitution. So the user controls substitution. If it is a, substitution is allowed else substitution is not allowed.

Buy search type: specifies which heuristic to use in the buy search heuristic; rent decision or allocation heuristic. If it is r, rent decision heuristic is used else allocation heuristic is used.

i) Allocation Heuristic

1. This is the base heuristic that satisfies all the constraints.  The search heuristics use this heuristic to generate new solution sets.  It is like a simulation approach events happening at the start times of orders. The steps are as follows:

2. Start from the first order in the list.

3. Find the set of available cars. This set also covers the substitute cars.

4. Find the set of cars that can be allocated to the order from the set in 2. That is the cars that do not need maintenance and can be maintained before the start time of the order.

5. Find the set of cars with minimum cost of allocation to the order. If maintenance is required, the maintenance cost is also included in cost calculations.

6. Allocate one of the cars with minimum cost with the smallest left time of usage and with the minimum item_id. There are two alternatives:

5.a. If maintenance is required, the car is sent to maintenance starting from the end time of the last order which it satisfied, then allocate it to the order. Update its available time as the end time of the order, store the incurred cost.

7. 5.b. Else allocate the car to the order, update its available time as the end time of the order. Store the incurred cost.

8. Go to next order and repeat from step 2 until all the orders are traced.

ii) Rent Decision Search Heuristic

1. This heuristic searches to find the best rent order from a set of orders preceding an initially rent order which can be a less costly order or an order causing maintenance non-availability.

2. Use the allocation algorithm to allocate cars to orders, set the solution to best solution.

3. Find the first rent order in best solution.

4. Form an order set:

5. Include the orders according to the search type parameter and search window size parameter. The last order of the set is the current order. The first is the last order not overlapping with the current order that has the same type of car if the search window size parameter is 1. If the search window size parameter is 2, the last order is the previous order of the same car type before the former last order. The set is composed of the orders in between. If search type parameter is a, then orders of all car types in between are included else only orders of the same car type are included.

6. Form a new solution by making only one element of the order set to be subcontracted at a time with allocation heuristic.

7. 5.a. If the resulting solution’s total cost is better than best solution’s, set resulting solution as best solution. Add the order number of the element to the set that forces allocation heuristic to make the elements of the set to be subcontracted.

8. 5.b. Else keep best solution.

9. Repeat from step 4 with any of the other elements of the order set until all elements are tried.

10. Go to the next rent order of the best solution, repeat from step 3 until the order sets for all rents are covered in the dynamically changing best solution.

The instances without purchase are solved using rent decision heuristic.

1. Buy Decision Search Heuristic

2. Use the allocation algorithm to allocate cars to orders, set the solution to best solution.

3. Go to first rent order.

4. Buy a new car that can be a substitute to the car type of the current order that has highest rtype_id if the maximum number of cars that can be bought is not violated.

5. Solve the entire problem with the new car available at the start time of the rent order using allocation heuristic if buy search type parameter is a else using rent decision heuristic.

6. 5.a. If the resulting solution’s total cost is better than best solution’s, set resulting solution as best solution. 

     5.b. Else keep best solution. Readjust inventory data.

6. Go to next rent order in the best solution. Repeat from step 3 until all rent orders are traced.

Results:
The algorithm is coded using Borland C++ 5.0. The code is compiled with 32-bit compiler as Win32 application under Windows 95. 

We solve the instances using a  PC AMD K6 200 Mhz with 32 Mbytes of Memory.  

The results are as follows:
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