



























































Table 5§: Comparative performance of the simulated annealing heuristic and the
rule of thumb-Share of shelf = Share of sales.

Decrease in ROl from

Heuristic ROI (%) Maximum (%)
Simulated Annealing 16.47 NA
Share of Shelf = Share of 12.70 23

Sales (Identical Assortment)
Share of Shelf = Share of 11.21 32

Sales (Total Assortment)

Table 4 lists the results for each of the 25 runs. The return on inventory range
is now only 1.2 percent, with 24 of the runs within 1 percent of each other,
demonstrating a convergence towards the same return on inventory level. The
maximum return on inventory for the category was found to be 16.46 percent return
on inventory with the shelf allocation indicated in Table 4. Eleven of the 18 items
were not chosen as part of the final assortment.

Figure 4 and Table 5 clearly demonstrate that a randomly selected shelf arrange-
ment can produce significantly poorer results than that achieved with the simulated
annealing algorithm. The simulated annealing search improved the ketchup category’s
return on inventory by approximately 7.5 percent from the initial starting point.
However, alternative shelf management methods exist that also assist retailers with
space allocation. We now turn to one such method.

COMPARATIVE ANALYSIS WITH MANAGEMENT RULES
OF THUMB

The performance of the SA heuristic is compared to the results achieved using a
proportional shelf allocation rule. One of the most frequently used methods a
retailer uses to determine space for each SKU is to allocate space to an SKU in
approximate proportion to its historical share of category unit sales. Those SKUs
with more sales will earn more shelf space than those SKUs which do not sell well.
In addition, if there is a minimum stocking requirement (at least one case), the best
selling items will always have proportionately less space than slower selling items.
This method suffers from the following disadvantages.

1. The causal direction is assumed to flow from sales to space.

2. Itis only a space allocation rule. A retailer must have a priori decided on

the assortment before using this rule.

3. The method assumes a linear relationship between space and sales.

The shelf management model was used to calculate the item and category sales
when used with a rule that specifies an SKU’s space allocation equal to its share
of unit sales. The rule was used on both the total assortment of items within the
ketchup category and on the best assortment found with the SA algorithm. Standard
facings and minimum and maximum facing constraints were observed. Given a
shelf allocation for each stocked SKU, the sales for each SKU were calculated



Figure 5: Simulated annealing search for the eighteen item ketchup category anneal-
ing schedule 25-25-1.
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using the shelf management model. The resulting shelf allocation was calculated
using the rule of thumb, the shelf management model was rerun, and a new set of
SKU and category sales was calculated. This process was repeated until the same
shelf configuration appeared on successive occasions. Nine different starting shelf
allocations were used. Using this scheme a stable shelf allocation was found in
under 20 iterations, and the final allocation reached was identical in eight out of
nine cases. The one shelf location that differed varied only in the space allocation
between two SKUs.

The return on inventory produced from the final shelf arrangement using the
share of shelf decision rule is displayed in Table 5. Even when applied to an optimal
assortment, allocating space according to a proportionality rule led to a return on
inventory reduction of 23 percent. Aggregated across time periods and categories,
this would lead to a significant drop in profits for the retailer. One of the major
strengths of the SA algorithm is its ability to escape from a local optimum. Since
the rule of thumb is not a search routine, it cannot perform this function and will
unlikely lead to the best shelf allocation.

CONCLUSION

The results demonstrate a shelf management model that incorporates both space
and assortment effects. More importantly, the SA search heuristic finds a *‘good”
shelf allocation within a relatively small number of trials. The algorithm is flexible
enough to allow for alternative category and package sizes and different restocking
practices such as by item or by case. The comparative analysis between different
shelf stocking rules and algorithms reveal that retailers who ignore assortment/stockout
effects, or base their space allocation on proportionality rules, may be losing sub-
stantial amounts of sales.

Future research in shelf management might investigate how optimal shelf
arrangements change depending upon whether the objective function is sales, dollar
profit, gross margin return on inventory, or another measure which would include
costs of restocking, such as direct product profitability.

Extensions of the model could include multiple objectives, such as minimizing
stockouts or maximizing assortment within a category. The authors are presently
working on an analysis of the sensitivity of the model to errors in the parameter
estimates to help determine the circumstances under which its application is best
suited. This work will help address the concerns about the level of measurement
accuracy required to support a given model formulation. [Received: January 28,
1993. Accepted: May 16, 1994.]
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