NEDSI Proceedings, Baltimore, March 2007 1

L ost Sales

Nick T. Thomopoulos
Stuart School of Business
[llinoisInstitute of Technology
thomop@stuart.iit.edu

Abstract The typical way service level ismeasured in industry is the demand
filled over total demand. Unfilled demand becomes a backorder or lost sales. Lost
sales demand is often not known or measured by the management. This paper shows
how to estimate the lost sales demand, how to control the lost sales and how to
measure an effective service level.

Introduction

Most companies are unaware of the amount of Ides ¢hat they incur and have no way to measure this
important demand. This paper formulates a logissalodel and shows how to measure this demand and
also how to limit and control the lost sales. Dasic formulation of this paper comes from [7] veéhdre
relationship between demands, service levels, ideks and lost sales are defined.

One of the key measures that management usesge ¢fair inventory performance is by way of the
service level. A common way to measure the senéeel (sl) is the ratio of (demand filled) ovbe
(recorded demand). This measure is also refesaleapercent fill. Generally a service level3§ or
higher is sought by the management. The reporesbkore of service level is often computed oveoradl
portion of the parts in the inventory and for atjgaitar time period as one week, one month or aaa.y

A fault in the above measure of the service lévéhat sometimes not all of the demand on thestare
known or are recorded. This happens when a custbaseneed for an item and the item is not availabl
stock and the sale is lost. Here the demand isatdtfied and this unfilled demand becomes either
backorder or a lost sale. It is a backorder whenctistomer will wait for the stock to be repleeidh
whereby the demand is subsequently filled. Itlissasale when the customer does not wait fostbek
to be replenished and drops the demand. In thes lease, the demand is mostly not recorded.

References [1,2,4,5,6] show how to set the sategkgo yield a desired service level. The diffty is
that the definition on the service level is notays the same from company to company. Refere@¢@k [
give methods on how to set the safety stock wheretiteria is to minimize the lost sales or thekoaders.

The demand mode

Consider the demands associated with a stockinliyetbat are obtained from the total demandsdor
fixed period of time (here called a review timeyldhe total demands over a category of items. rCtfie
only demands known are those that are recordedles. sBut the total of demands could be classified
more detail. This model uses such categoriedlad fiemands, unfilled demands, backorder demaosis,
sales demands and effective demands. This demaddlndentifies the category of demands and shows
how they are related and how they can be measured.

The demand model also describes the service ldeet@nd filled over total demand) and how it istea
to the demand categories in the model. Some stgdkiilities measure and know exactly what their
service level is over all the items and over ageviime. Other facilities do not measure or knbis t
measure. In the typical industrial systems to mdhe inventory, the service level is set andgatety
stock needed is determined accordingly. Some companeasure and know the service level they are
achieving and some do not. The FIRM industriateays[3] is very accommodating since with each fun,
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allows the management to set the service levethieae, measures the current service level and also
measures the lost sales of the stocking facility.

Below is a review on the various category of dedsathe service level and also on the percent fiffach
demands that become backorders.

Demand categories The recorded demand (dr) is the aggregate dbmes demands that is
ultimately filled by a stocking facility over a ped of time (year, month) and for a category ofrige(parts,
products). The quantity could be stated in umiitsieces, dollars or lines. This demand is from th
customer orders that comes in and are filled imatedi (df) and also from the customer orders #nat
not filled immediately and are placed on backowtet are filled ultimately (dbo). Note anotheregatry
of demand is when the customer orders are nod filtenediately and the customers cancel the ordhbis
latter demand is here called the lost sales dertdisd In this model, the total demand recorded i
derived from dr = (df + dbo) and does not incluge lbst sales demand. In most situations, theskists
demands (dIs) are not recorded or known. All thmands noted here are in the same units (pieckarsdo
or lines).

Servicelevel The service level (sl) is a measure of thdiponf the demands that are immediately
filled from the stock available. This measurerisaggregate over all the items in the categorycued the
time period under review. This is obtained by $tif/dr). Notice the lost sales demand is noluded

here since this demand is really not known. Ieess, dr is not the total demand, it is only thended

that is known and for convenience here, it is chile total demand recorded. In the event theshlsts
demand (dIs) was known, the real total demand wbal&nown. For convenience here, this total demand
is denoted as the total effective demand (de)s Woiuld be de = (df + dbo + dIs). In this papbke, t

service level associated with the effective demarudlled the effective service level and is coreputy

sle = (df/de).

Backorder portion of the unfilled demands This factor is really not known by the management
and is like a probability with a value falling begen zero and one. Although the exact value offéiutor

is not known, most managements can provide fablydgestimates. When a customer order comes in and
the stock is not available to fill the order, thestomer order is unfilled demand (du) and the custo

order becomes either a backorder or a lost s&espbo is the portion of the unfilled demand titomes

a backorder. This is pbo = (dbo/du). The portbthe unfilled demand that becomes a lost saleety

is derived from pls = (dIs/du). Note where pbpls-= 1.

So using only the data typically known for a stackfacility (dr, sl, pbo), the other measures dbscr
above can be determined. This is in the followiray.

df = sl x dr = demand filled (immediately)
pls =1 - pbo = portion of unfilled demand thatomes a lost sale
dbo =dr - df = backorder demand
dls = dbo x (pls / pbo) = lost sales demand
du = dbo + diIs = unfilled demand
de =df +du = effective (total) demand
sle =df/de = effective service level
Example 1 Consider a location where the annual sales 091000 and the service level is

measured as 0.90. The management estimates fhabfBinfilled demands are lost and 50% go on
backorder and is ultimately filled. With the nadatt of this paper we have:

dr = 1,000,000 = demand recorded
sl =0.90 = service level
pbo =0.50 = portion of unfilled demand that bmes a backorder

Now using the relations given above, the followingasures are computed:
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= demand filled immedlgit

df = sl x dr = 900,000

pls =1 - pbo =0.50 = portion of unfilled dend that becomes a lost sale
dbo =dr - df = 100,000 = backorder demand

dls = dbo x (pls / pbo) =100,000 = lost salesaed

du =dbo +dlIs = 200,000 = unfilled demand

de =df + du =1,100,000 = effective total dethan

sle = df / de =0.818 = effective service level

Hence, when the service level is set to sl = 8O annual lost sales is $100,000 and the effestveice
level is 0.818.

Thelost sales model Using the structure from the model presentedi@piv is possible for the
management to specify a limit on the lost salesateh{dls) and then find the service level (sl) that

needed to accomplish this goal.

In reviewing the above demand model, the datarratins constant regardless of the setting oféhdce
level (sl) are the effective demand (de) and theiqguo of backorders (pbo) from unfilled demandirs&
note the effective demand is de = (df + du) anidoaigh df and du will change with sl, the sum (de)
remains the same. Hence, de is a constant. dfurthe portion of backorders and the portiorost kales
from unfilled demands (pbo, pls) are not relateth®service level. So now (de, pbo, pls) are tzmts
and are included as data available to carryonastieshles model. A list of the known data areWwelo

dis = (specified) lost sales demand

de = effective demand
pbo = portion of backorders from unfilled demsnd
pls = portion of lost sales from unfilled demand

Continuing with the model, the following relatiolesd to finding the service level (sl) needed toiewe
the goal specified on lost sales demand (dls).

backorder demand

dbo = dIs x pbo/pls
unfilled demand

du = dbo +dls

df =de-du filled demand

sle = df / de = effective service level
dr = df + dbo = recorded demand
sl=df/dr = service level

Example 2 Continuing with the earlier example, de = 1,100,q#l#b = 0.50, and pls = 0.50 are
known. Suppose management also sets a goal dostheales demand to dls = 40,000 (for 50,000). So

now the computations to find the service levél ésé the following:

backorder demand

dbo = dls x pbo/pls = 40,000 =
du =dbo +dls = 80,000 = unfilled demand

df =de-du =1,020,000 = filled demand

sle = df / de =0.927 = effective service level
dr = df + dbo = 1,060,000 = recorded demand
sl=df/dr =0.962 = service level

The results show when the goal on lost sales detisaset to dis = 40,000, the service level needed t
achieve this goal becomes sl = 0.962. Furtheretfeetive service level is sle = 0.927.

Summary

This paper concerns the demands, service leveloshdales that are incurred in an inventory stogki

facility over a category of items (parts, productShe demands are classified as recorded demands,
unfilled demands, backorder demands, lost salesdésand effective demands. The service levettand
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effective service level are described and methodsdasure are shown. A way to measure the lcess sal
demand is given and a method to control this denmatdown.
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