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Abstract

In the logistical operation of transporting goods from a supply point (e.g., a distributor) to geographically dispersed customers, the most efficient approach for preventing delivery stockouts resulting from random demand fluctuations is route reoptimization.  As its name suggests, it requires the router/dispatcher to redesign the routes each day to determine the optimal delivery pattern for each day.  The inevitable day-to-day changes in delivery routes mean no assurance of consistency; neither in a customer’s delivery receipt times nor in the assignments given to the drivers of delivery vehicles.  Although these customer service and operational manifestations of system nervousness are known to be likely, their severity remains unknown.  Using computational experiments, this study obtains some preliminary estimates of the severity of system nervousness in routing/dispatch operations that use reoptimization.

INTRODUCTION


Though it is often discussed in the context of materials planning operations in both manufacturing and distribution, the problem of system nervousness can be more broadly conceptualized.  Specifically, instead of being merely a materials requirements planning (MRP) problem or a distribution requirements planning (DRP) problem, system nervousness reflects the more general concern that unanticipated fluctuations in customers’ demands can cause unwanted perturbations in the operations that are put in place to meet those demands.  Vehicle routing and dispatch operations is one area to which the problem of system nervousness applies.  This paper presents the results of some preliminary work aimed at understanding the nature of system nervousness in those operations.  The organization of the presentation is as follows.  The next section presents background information on the fundamentals of vehicle routing operations and illustrates how to system nervousness might arise in those operations.  The selected means of quantifying the phenomenon as well as the key elements of the research methodology are then explained.  This is followed by the results, and then the conclusions, which include a discussion of further research.

SYSTEM NERVOUSNESS AND VEHICLE ROUTING


Vehicle routing and dispatch operations are necessary in situations where one or more supplier echelons in a logistics network (e.g., wholesalers) have geographically dispersed customers (e.g., retailers).  A key objective in such operations is to find a set of delivery routes that minimizes total transportation costs, subject to satisfying each customer’s demand.  In the case of one supply point (a central depot) this objective can be pursued by formulating and solving the classical vehicle routing problem (VRP).  If the demands fluctuate randomly from day to day, then to minimize the total expected daily transportation cost and to prevent unexpected delivery shortages, the VRP must be formulated and solved each day; i.e., route reoptimization.  However, the attainment of these benefits of route reoptimization subjects the process of planning and operating the delivery routes to the risk of becoming unstable.  In particular, because the delivery routes are likely to change each day, each delivery vehicle driver might have to be given a different set of instructions every day.  The consequence is a loss of delivery efficiency that might otherwise be gained if each driver followed the same route each day.  In other words, unless drivers can easily become familiar with the routes they are required to serve, their confidence and delivery timeliness are likely to be adversely affected.  This line of reasoning concerning instability in vehicle routing operations is well established in the extant literature on vehicle routing/dispatch with stochastic customer demands; e.g., Bertsimas (1992),  Waters (1989).  Despite this, the literature is yet to produce results to quantify the severity of the instability.  The exploratory work reported in this paper is a step in filling that gap.

MEASURING SYSTEM NERVOUSNESS IN VEHICLE ROUTING OPERATIONS


The research modeled system nervousness from the perspective of the vehicle drivers.  Two metrics were used.  Both metrics were intended to depict the extent to which a driver’s assignments fluctuated each day.  One metric sought to depict the extent to which a driver would have to deviate from the centroid of his/her typical delivery route.  The basis for this is that such deviations indicate driving assignment fluctuations that include, inter alia, the inclusion of infrequently visited areas in the driver’s routes.  The specific measure was the standard deviation of the radial angle (, in degrees) formed by the path connecting the depot to the route’s centroid.  The coefficient of variation of the travel distance covered by each route was the second metric and was chosen as a complementary metric to reflect the fact that it is possible to have angular deviations in the routes without material deviations in the driver’s volume of work.


The scope of the experiment involved a square geographic area (100 x 100) in which a central depot serves 1000 customers with a fleet of identically capacitated vehicles.  A vehicle’s capacity (Q) was measured as the maximum number of customers that the vehicle can serve on a single delivery trip.  Each customer’s demand followed a Bernoulli process with probability p of demand being 1 unit, and 1 - p of being zero.  The experimental values of p were 0.1, 0.3, 0.5, 0.7, 0.9, and 0.95.  Experimental values for the capacity of each delivery vehicle were 1, 5, 10, and 20 customers.  The experiment involved simulating 200 days of demand (according to the Bernoulli distribution) for each of the 20 combinations of p and Q, then using the Clark-Wright heuristic to reoptimize the routes each day.  Table 1 shows the resulting values of the two metrics.

Table 1

Standard Deviation of Radial Angles, and Coefficient of Variation in Travel Distances

Q       p
0.1
0.3
0.5
0.7
0.9
0.95

1
22.40, 0.400
20.50, 0.395
15.90, 0.352
12.10, 0.269
8.280, 0.147
4.710, 0.126

5
2.560, 0.064
2.550, 0.066
2.380, 0.062
1.910, 0.050
1.210, 0.032
0.930, 0.026

10
0.890, 0.033
0.860, 0.032
0.810, 0.030
0.680, 0.026
0.390, 0.018
0.280, 0.013

20
0.300, 0.025
0.290, 0.023
0.260, 0.021
0.210, 0.017
0.130, 0.011
0.090, 0.08

RESULTS


The most intuitive insight from the results summarized in Table 1 is that the degree of instability decreases with increases in the expected proportion of customers that place a demand each day.  This is predictable because the variability of demand relative to the expected level of demand increases as p decreases.  One will notice, for example, that at (p, Q) = (0.1, 5) the standard deviation of the radial angle was 22.380 while at (p, Q) = (0.95, 5) the corresponding value was 4.710.  The second insight is that the level of variability varies inversely with the vehicle capacity.  The explanation for this is as follows.  Since a large number of customers on each driver’s route increases the likelihood that the day to day spatial distributions of customers in the area typically served by the driver will be similar then that driver’s routes are likely to be similar from day to day.  This second insight is particularly important in clarifying the potential implications of these preliminary results for the management of vehicle routing operations in certain settings.  For example, in grocery distribution, it is common for the number of customers assigned to a delivery vehicle to fall within the range 5 to 15 customers; see, for example, Carter et al. (1996).  The tables suggest that the extent of day to day variability from the drivers’ perspective is not particularly high.  As such, grocery distribution seems to be an area where problems of system nervousness in vehicle routing might be small enough to permit the use of route reoptimization.

CONCLUSIONS


This paper presents the results of some preliminary experiments aimed at quantifying the severity of routing operations instability caused by the use of route reoptimization.  The results show how the instability relates to variables such as vehicle capacity and customers’ order probability.  Future work will need to involve testing the effects of additional variables (e.g., the total number of customers served) and exploring whether these effects can be modeled either analytically or with statistically calibrated models.  The results of the present exploratory work suggest that the instability of route reoptimization might not constitute as serious a drawback as is sometimes portrayed in the literature.
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