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A. Return Processing and A-Frame SKU Inclusion

Product return rates can be substantial, especially for Internet sales because customers can-
not try and feel the product before purchase. For example, online apparel retailers experi-
ence return rates totaling up to 45% of their orders [1]. Therefore, the handling of returned
products, which represent a significant cost to distribution centers, influences the selection
of order-fulfillment technologies.

A typical return process includes receiving the returned products, performing a quality
check, reconditioning the returned products, and storing the products for reuse and future
order picking. Returned products are often treated as separate SKUs, especially when first-
in-first-out processing, expiration dates, or lot tracking are enforced. Consequently, return
processing is important from a space capacity perspective rather than a technology through-
put perspective. Return rates tend to be correlated with error rates of technologies (i.e., the
higher the pick error rate the higher the percentage of returned products). Therefore, im-
proving the pick accuracy should decrease return processing costs.

To incorporate the return processing into our mathematical model from Section 5, de-
fine ¢ as the percent of pieces returned, and replace (4) with (12),

/|
ijr (bj—bj—l) (:—:Jrqmp) <wy VieT. (12)
j=1

A-Frame systems are an automated dispensing technology that automatically dispenses
items onto a conveyor belt that fills into order totes. A-Frame systems are most suitable
when the items to be picked are small in size and can withstand a fall onto a conveyor. For
reasons related to the physical nature of the item, such as packaging restrictions or product
dimensions, not all items can be ejected from an A-Frame and should not be considered for
assignment to A-Frame systems.

To incorporate A-Frame system SKU inclusion, define o as the percent of SKUSs that
can be ejected from an A-Frame, let7 =’ denote an A-Frame system, and add the following
constraint to the mathematical model from Section 5,

|1
Y xj (bj—bj1) <oy (13)
j=1
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