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Forecast usage per time unit: SO 

Lead Time: 1 time unit 

Review Time: a (continuous) 

Order Point without safety stock: 1 x SO = SO 

Safety Stock: forecast usage for 1 time unit = SO 

Order Point with safety stock: SO + SO = 100 

Figure 19. Inventory behavior with safety stock 

In both cases lead time is 1. Note that with no safety 
stock, when sales are exactly equal to forecast, the 
inventory is reduced to zero just as the new ship­
ment comes in. Similarly, with safety stock, the 
level where you would start issuing safety stock is 
just reached when the new shipment comes in. Both 
of the foregoing statements are true only because the 
forecast usage of 50 per time unit was exactly right. 
If, in fact, usage had been 60 per time unit, you 
would have lost sales in the first case, and used 10 
units of safety stock in the second. The safety stock 
is protection against such an error of 10 units in 
forecasting demand. 

It has been common for a business to specify that 
safety stock will be the usage for one month (or 
whatever time interval is pertinent). A better basis 
will be suggested: Suppose that in the last five years 
the average usage per month was 50, but the maxi­
mum usage observed was 60 per month. In such a 
case, setting an arbitrary safety stock of one month's 
usage clearly results in carrying excess inventory. 
If the future bears any relation to the past, it is 
reasonably certain that the forecast will never be 
too low by more than 10 units. Obviously, 40 units 
of this item have been maintained unnecessarily for 
five years ... at considerable expense. If safety stock 
is set as a function of forecast error (no greater than 
10 in this case), you can expect to save money as 
well as satisfy maximum reasonable demand. (Any 
attempt to satisfy all possible demands will invariably 
meet with failure or bankrupt the business. ) 

If the forecast were perfect, no safety stock 
would be necessary. Recognizing that it cannot be 
100% accurate, measure how wrong it is, and let 
safety stock vary with the error. Thus, the poorer 
the forecasts, the larger will be the safety stock. 

Measuring forecast error and using it to set safety 
stock is the most significant concept of scientific 
inventory management. This is particularly true in 
distribution industries where safety stock typically 
forms the bulk of the inventory under present 
controls. 

This section can be summarized by restating the 
order point formula: 

Order point = (lead time + review time) x 
forecast of usage per time unit + 
safety stock 

where safety stock is based on a measure of fore­
cast error. 

Forecasting and measuring the forecast error 
are discussed in detail in the next two chapters. 
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CHAPTER 5: SERVICE AND SAFETY STOCKS 

Customer satisfaction is one of the most precious 
assets a business enterprise can have. Certainly 
one of the major positive influences in a customer's 
thinking is a high probability that goods he orders 
will be delivered. All other things being equal, the 
customer will tend to favor the supplier who most 
often provides the merchandise he has ordered. If 
a retailer can place heavy reliance on his distributor, 
he can safely operate with less inventory - a clear­
cut saving for him. The distributor commonly has 
extremely high service objectives because there is 
usually a competitor who is equally convenient for 
the customer. As a result, back orders are rare, 
and the likely consequence of being out of stock is a 
lost sale. It is virtually impossible to reach agree­
ment on the precise cost of a lost sale, particularly 
if one tries to place a value on goodwill. It might 
seem at first glance that the minimum cost is the 
gross profit lost, but some companies feel it is less 
than that since they have not packed it, etc. 

While there are several ways of defining customer 
service, they all hinge on some measure of how 
effectively demand is met, and are most often ex­
pressed as a percentage figure. For the moment, 
we shall define customer service as the percentage 
of dollar demand which is filled routinely from goods 
on the shelf. 

$ shipments 
Service % = $ d or ers 

Conversely: 

$ shipments 
Stockout % = 100 - ----­

$ orders 

It is ~ possible to achieve 100% service for 
all items, for any of several reasons: the vendor's 
inability to supply, selection or picking errors in 
your warehouse, clerical errors, or the failure to 
issue a picking slip because the inventory record 
erroneously shows an item as out of stock. The last 
three problems may be reduced in frequency by 
tighter administrative controls, but are in no way 
influenced by buying decisions. 

Of prime concern to scientific inventory manage­
ment is better regulation of those stockouts which 
are attributable solely to buying decisions - more 
specifically, the answer to the "when" question. 

Statistical theory can be used to produce decisions 
aimed at achieving a specific service level. To 
specify a desired level of service, management needs 
to be informed in advance of the cost implications of 
various pOlicies. Such a guide to policy setting can 
be provided in the form of the graph in Figure 20. 
Note that the additional inventory required to improve 
service becomes progressively greater in moving to 
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Figure 20. Inventory investment required for various service levels 

very high levels of service. 
We shall now introduce a statistical concept which 

is fundamental to scientific inventory management. 

Playing the Odds 

When you buy auto insurance you realize that the 
selling company has no assurance that it will make 
money on your policy. They know, however, that 
most of their policyholders will sustain only minor 
damage, if any. They are taking a calculated risk 
which can be assessed with sufficient precision to 
figure a premium right down to the penny. Any 
executive will concede that insurance companies make 
a profit by "figuring the odds" - that is, by making 
intelligent use of the laws of chance. It will probably 
be a more novel idea to suggest that the same tech­
niques of evaluating risks can vastly improve the 
management of inventories. Fortunately, you need 
not become a professional statistician, but can profit 
greatly by borrowing only one or two of their basic 
principles. 

Since the statistician likes to describe things 
quantitatively, he habitually measures some charac­
teristic of interest to him to accumulate a sample of 
measurements. To him, a sample can be described 
by a series of numbers - for example, intelligence 
quotients or weights for a group of people, the 
temperature measured at noon every day, sales of an 
item during a week, or errors in periodic forecasts 
of item sales. 



The first statistic which is likely to be of interest 
is the "average" - what statisticians call the "mean". 
If you are planning a vacation in an unfamiliar city, 
you are certainly interested in the average tempera­
ture during the month you expect to be there. If the 
average temperature is 70 degrees, the first inclina­
tion is to pack only summer clothes. Unfortunately, 
knowing the average, you can say only that the 
temperature is likely to be above 70 half the time 
and below 70 half the time (occasionally it will be 
exactly 70). Before you make a final decision, you 
would like to know more about the variability of the 
temperature. A fairly rough, but straightforward, 
measure of variability is the range: it would help to 
know that the minimum recorded temperature was 
35, and the maximum 80. You might pack a topcoat 
unless you knew that the 35 was recorded ten years 
ago, and that the minimum since then has been 60. 
The disadvantage of range as a measure of variability 
is that one unusually high or low value distorts your 
picture of the distribution. 

If you were a statistician, your problem would be 
greatly simplified if you were told the standard devia­
tion is 2. You could draw the following conclusions: 

1. 68% of the time the temperature will be within 
two degrees of the average (68-72). 

2. 95% of the time the temperature will be within 
four degrees of the average (66-74). 

3. 99.8% of the time the temperature will be 
within six degrees of the average (64-76). 

Figure 21 shows a normal distribution curve for 
the temperature data, which illustrates the relation­
ships between average and standard deviation. This 
plot has frequently been referred to as the "bell­
shaped" curve. For any data which is normally dis­
tributed, the percentage figures shown will hold. 
Generally, forecast errors approximate a normal 
distribution. In the preceding chapter, entitled 
"Order Point", the notion of forecast error as the 
difference between a forecast and the demand that 
materializes was developed. The next chapter, 
"Forecasting", introduces a special technique of fore­
casting. For the moment, however, consider the 
forecast to be an average developed from past sales. 

Now think of Figure 21 as a plot of demand rather 
than temperatures. You know that when the forecast 
is an average (70 in Figure 21), demand during the 
lead time will be less than the forecast 50% of the 
time, and greater than the forecast 50% of the time. 
Thus, if order point is set at the average usage, you 
would still have stock on hand when the new order is 
received half the time. Conversely, you would have 
gone out of stock half the time. Since you do not 
like to go out of stock that frequently, you add safety 
stock. Now think of Figure 21 as a plot of forecast 
errors. Thus, when demand is 70, the forecast 
error is O. If you could calculate the standard 
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Figure 21. Area relationships under the normal curve -
standard deviation 

deviation of forecast error, you could use the normal 
curve to set safety stock for a particular probability 
of stockout. Figure 21 shows that 34.13% of the 
forecast errors fall within one standard deviation 
above the average. (Similarly, 34. 13% will fall within 
one standard deviation below the average, making 
the 68% of temperatures which we said would lie 
between 68 and 72 degrees. This lower 34.13%, 
however, is included in the 50% below the average, 
which is of no concern in setting safety stock.) The 
plot shows that the standard deviation of forecast 
error is 2. Thus, if 2 is added to order point, you 
would expect to satisfy demand during lead time 
84. 13% of the time. (50% of the time, demand will 
be no greater than the average of 70. Adding the 
forecast error of 2 provides protection for demands 
as large as 72, which are not exceeded 84.13% of 
the time.) If two standard deviations are added to 
the average, protection is provided for 97.72% of 
demands (50% + 34. 13% + 13. 59%). The resulting 
order point is 70 + (2 x 2) = 74. By adding three 
standard deviations of safety stock, protection is 
provided for 99.87% of demands (50% + 34.13% + 
13.59% + 2.15%). Order point in this case is 
70 + (3 x 2) = 76. 

Safety Stock Based on Standard Deviation 

We can now set down an equation for setting safety 
stock: 

Safety stock = standard deviation x safety factor 
The safety factor simply specifies the number of 

standard deviations required for a specific service 
level. 

Order point is then: 
Order point = average lead time usage + safety 

stock 
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The interesting thing about the standard deviation 
is that the percentage relationships always hold 
regardless of the particular values for average and 
standard deviation. If our forecasts are exceptionally 
good, the forecast errors will be very small, and 
the safety stock can be correspondingly small, even 
to give very high service. For example, if average 
usage were 1,000, and standard deviation of forecast 
error were 10, our order point would be only 1,030 
to yield 99. 87% service. On the other hand, if it is 
very difficult to forecast, so that forecast error is 
large, we end up with a large safety stock. Thus, if 
average usage were 1,000, but standard deviation of 
forecast error were 100, order point for 99.87% 
service would be 1,300. Figure 22 gives safety 
stocks and order points for additional sample data. 
Examination of the data suggests two conclusions: 

1. A poor forecast creates a need for larger 
safety stocks. Accordingly, it is worth some effort 
to get good forecasts. (This will be discussed in the 
next chapter.) 

2. A uniform level of service can be achieved 
only by taking the variability of the distribution into 
account. Any scheme which bases safety stock on a 
fixed time supply fails to do this, and will result in 
overstocking some items while other items will 
have frequent shortages because the safety stock is 
too small. 

Calculating the Standard Deviation 

It has been suggested that service and safety stocks 
can be much more effectively controlled through the 
use of standard deviation. The classic formula for 
calculating it is: 

n 

Standard deviation = i=l 
n 

The formula is imposing but can be solved in four 
steps: 

1. Take the deviation of each forecast error from 
the average forecast error. 

2. Square each deviation. 
3. Divide the summed squares by the number of 

errors measured. 
4. Extract the square root. 
From a computing point of view, calculating stand­

ard deviations is not appealing, because division and 
extraction of square roots are among a computer's 
slowest operations. 

An Approximation of Standard Deviation 

Fortunately, there is a good way of approximating 
standard deviation which requires substantially less 
computing time. For a normal distribution, it is 
just as accurate as standard deviation. This measure 
is called "mean absolute deviation" (MAD). The 
relationship between standard deviation and MAD is 
such that: 

Standard deviation = 1. 25 x MAD 
Thus, knowing the MAD, you multiply by 1. 25 to 

get the standard deviation. The normal distribution 
curve provides the means to find the safety factor 
for a desired level of service. A continuing need to 
multiply can be avoided by simply refiguring the 
normal curve areas for MAD instead of standard 
deviation. This has been done in Figure 23. Figure 
24 shows representative safety factors to achieve a 
given level of service with MAD. Safety stock is 
given by: 

Safety stock = safety factor x MAD 
As before, safety factor simply specifies the 

number of MAD's to yield a specified level of service. 

Safety Stocks for Various 

A verage Lead Standard Deviation Levels of Service Order Points for Various 
Item Time Usage of Forecast Error 50.00% 84.13% 97.72% 99.87% Levels of Service 

SAFETY FACTOR 
0 1 2 3 50.00% 84.13% 97.72% 99.87% 

1 100 0 0 0 0 0 100 100 100 100 
2 100 5 0 5 10 15 100 105 110 115 
3 100 10 0 10 20 30 100 110 120 130 
4 100 25 0 25 50 75 100 125 150 175 
5 100 75 0 75 150 225 100 175 250 325 
6 100 100 0 100 200 300 100 200 300 400 
7 500 20 0 20 40 60 500 520 540 560 
8 500 100 0 100 200 300 500 600 700 800 

Figure 22. Order points for sample items 
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Figure 23. Area relationships under the normal curve - mean 

absolute deviation (MAD) 

Safety Factor 

0.00 

1. 00 

1. 25 

2.00 

2.50 

3.00 

3.75 

% of Order Cycles with No Stockout 

50.00 

78.81 
84.13 

94.52 

97.72 
99. 18 
99.87 

Figure 24. Safety factors for service levels using MAD 

(service based on frequency of stockout) 

Now we had better determine how to calculate 
MAD. "Mean", of course, is just another term for 
average. "Deviation" simply means the difference 
between an individual observation and the average of 
all observations. "Absolute" means that we shall 
always consider the deviation as positive, ignoring 
any minus signs. The formula is: 

n 

Mean absolute deviation = i=l 
n 

The formula can be solved in two steps: 
1. Take the deviation of each forecast error from 

the average forecast error, without regard to sign. 
2. Divide the summed deviations by the number of 

errors measured. 
While the square root extraction required for 

standard deviation has been eliminated, a division is 
still involved. A better solution will be presented in 
the section on forecasting. 

If you have understood the discussion of statistical 
concepts presented to this point, you have done two 
things: 

1. Learned as much about statistics as you will 
need to. 

2. Understood the most important single concept 
of scientific inventory management. 

Ways of Measuring Service 

We have spoken of basing safety stock on a statistical 
measure of forecast error, the mean absolute devia­
tion. To achieve a given level of service, a multi­
plier, the safety factor, was used, the value of which 
was obtained from the normal curve. It could be 
said, for example, that demand would not exceed 
average demand plus 2.50 MAD's 97.72% of the time. 
There is now a need to be more precise about what 
kind of customer service will result from such a 
rule. 

To illustrate, let us assume that you have picked 
a safety factor to yield 98% service. The rule says 
that after you have reached order point (and issued 
an order), you can expect to fill all customer orders 
during the lead time 98% of the time. Two percent 
of the time, you can expect to run out before the new 
shipment arrives. There is no way of telling how 
large the shortage will be; whether it is one unit or 
many units, it makes an equal contribution to the 
expected 2% of stockouts. In other words, you have 
an estimate of how frequently you will run out, but 
no estimate of the quantity or size of unfilled orders. 
The expected frequency of stockout is related to the 
frequency of orders to a vendor. That is, when you 
place 100 orders for a particular item, it is probable 
that 98 of them will be received without a stockout 
occurring. If you ordered only once a year, there 
would be stockouts in only 2 years out of 100. If 
you ordered weekly, you would have a stockout about 
once a year. To sum up, the frequency of stockout 
per order cycle will be the same for all items with 
the same safety factor. 

The measure of service which has been under 
discussion is quite likely to be different from that 
which many companies are presently using. This has 
been done because it is easier to relate to statistical 
concepts on first exposure. Beginning with the next 
paragraph, a more usual measure of service will be 
presented. Let us restate the measure you know now 
before going on to the second one: Safety factor is 
set to provide a level of service measured as the 
percentage of order cycles during which no stockout 
occurs. 

Some managements prefer to satisfy a specified 
percentage of demand, which is quite a different 
measure of service than frequency of stockout. To 
do so requires a different value of the safety factor 
for each item. One of IBM's IMPACT Computer 
Programs determines the appropriate value using the 
table in Figure 25 and the follOwing formula: 

order quantity 
Service function = A f f (1 - desired 

M D 0 orecast . 
error during 
lead time 

serVICe 
level) 
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Service function is simply an intermediate value 
calculated to provide entry to the table in Figure 25. 

Safety Factor Service Function 

0.0 .4998 

0.2 .4062 

0.4 .3252 

0.6 .2561 

0.8 .1985 
1.0 .1510 
1.2 .1131 
1.4 .0829 
1.6 .0600 
1.8 .0425 
2.0 .0294 
2.2 .0199 
2.4 .0134 
2.6 .0088 
2.8 .0056 
3.0 .0035 
3.2 .0023 
3.4 .0015 
3.6 .0009 
3.8 .0005 
4.0 .0004 

Figure 25. Service function for the normal distribution 
of forecast errors 

The order quantity and MAD interact to affect the 
percentage of demand filled routinely. If order quan­
tity is large in relation to forecast error, the order 
quantity alone will provide protection for some time 
after goods are received. This is illustrated in 
Figure 26 where item A has a larger order quantity 
in terms of time supply than item B. Taking this into 
account will yield a lower safety factor for item A 
than for item B, while satisfying the same percentage 
of demand for both items. 

OR[ER OUANTITY 

= 6 MOS. SUPPLY 

ITEM a, 
ORDER QUANTITY 

= I MO. SUPPLY 

Figure 26. Exposure to stockout of items with different order 
quantities 
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Examples: 
Item A 
Order quautity: 600 (annual usage is 1,200, so this 

represents a six-month supply) 
MAD of forecast error during lead time: 75 
Desired service: 95% 
Service function: ~~O (1 - .95) = .4 

From Figure 25, safety factor for service function 
of .4 = .2 

Item B 
Order quantity: 100 (annual usage is 1,200, so 

this represents a one-month 
supply) 

MAD of forecast error during lead time: 75 
Desired service: 95% 
Service function = 100 (1 - . 95) = . 0625 

75 
From Figure 25, safety factor for service function 

of.0625=1.6 

Note that the safety factor for this measure of 
service is lower than when based on frequency of 
stockout. In aiming to satisfy a given percentage of 
demand, it is not possible to know how frequently a 
stockout will occur, nor how large any particular 
stockout will be. The thing you are specifying is 
that over a period of time, some desired percentage 
of demand will be filled from goods on the shelf. 

Summary 

When goods are ordered from a vendor, there is 
always uncertainty about customer demand rate during 
the interval prior to receipt. Order point is set to 
allow for this uncertainty. If order point is based on 
a forecast of average usage alone, stockoutscan be 
anticipated during about half the replenishment 
cycles. To get better service requires raising order 
point by adding safety stock. This safety stock 
should be based on a measure of forecast error rather 
than some fixed multiple of average usage. Statisti­
cal concepts make it possible to find a safety factor 
which will yield a specified level of service. Two 
measures of service have been presented: 

1. Frequency of stockout, without regard to size 
or number of unfilled orders. The safety factor is 
taken directly from the normal curve. 

2. Size of stockout without regard to frequency. 
This measure of service aims at filling a given per­
centage of demand from the shelf. The relationship 
between order quantity and forecast error is con­
sidered in setting the safety factor, through use of a 
formula and table. 



CHAPTER 6: FORECASTING 

Previous chapters of this manual have developed the 
need for a forecast of average usage and a measure 
of forecast error to set order point. That a good 
forecast is desirable was evidenced by the reduction 
in safety stocks which accompanied reduced forecast 
errors. This chapter becomes quite detailed in 
discussing one method of forecasting; the executive 
may be satisfied by skipping from the portion entitled 
"Controls" to the next chapter, "System Implemen­
tation", page 41. 

It is useful to make a distinction between predic­
tion and forecasting. Prediction is judgmental -
guessing what will happen in the future with no 
directly related events in the past on which to base 
such a guess. It is strictly intuitive. Predictions 
were made in the case of such items as compact cars, 
pet insurance, new toys, colored sidewall tires, etc. 

Forecasting, on the other hand, is extrapolation 
of the past into the future. Guessing or estimating 
is still involved but there is a past series of numbers 
on which to base the estimate. Further, there is no 
reason to think that the number series will be subject 
to changes other than those inherent in general 
economic conditions and the capacity of consumer 
demand. There are no laws, but there do seem to 
be consistencies. 

A good forecast should have stability in the face 
of random fluctuations. At the same time, it should 
be responsive to real changes in demand. These two 
requirements are in conflict with each other, and 
which of the two should receive greater weight will 
depend on the business climate of a particular firm 
and on management's inclinations. Inappropriate 
emphasis on either may adversely affect service and/ 
or inventory. Generally, a systematic and consistent 
balancing of the two will achieve superior results 
over intuitive forecasting because of a human tenden­
cy to overcompensate. A well planned forecasting 
system will not overreact to the unusual or novel 
event, as people tend to do. 

Whether the method is intuitive or systematic, 
there are two main ways of arriving at a forecast: 

1. Extrinsic. This is more appropriate in fore­
casting sales of the total product line than of indi­
vidual items. It is assumed that a correlation exists 
between the thing being forecast and some external 
statistic such as gross national product, housing 
starts, birth rate, consumer index, industrial inven­
tory levels, new car registrations, etc. 

2. Intrinsic. The intrinsic approach is particu-
1arly applicable to the forecasting of demand for 
individual items. It assumes that the best way to 
tell how an item will sell in the future is to look at 
its past behavior (or that of a closely related item). 

The bulk of the items in an inventory fall into one 
of three basic demand patterns: constant, trend or 
seasonal. While there are exceptions, of course, the 
great majority of items in a product line can be 
placed in one of these three categories. 

Figure 27 shows monthly shipments of cat food 
over a period of several years. Though there are 
substantial fluctuations among various periods, they 
are random - that is, there is no detectable pattern 
to them. The fact that sales are below (or above) 
average for one month does not permit any specific 
inference about sales during the coming month. The 
best estimate of future demand is the average of past 
demands plus an allowance for forecast error (safety 
stock) . Such a demand pattern may be classed as 
"constant" or "horizontal". It is characterized by 
an essentially stable level of demand with random 
fluctuations or "noise". 

Under some conditions, the long range level of 
demand may exhibit a consistent pattern of increase 
or decrease - commonly called "trend". Since an 
average is at the midpoint of the history comprising 
it, that figure will not be current where a trend exists. 
Caution must be used in applying techniques which 
compensate for trend, however, as they may inter­
pret random fluctuations as trend and overreact. 
Figure 28 shows shipments of an uptrending item 
(tranSistor radio). To classify an item as having 
trend, there must be a consistent pattern of change 
which exceeds the variations due to noise. 

Seasonal or cyclic patterns of demand are char­
acterized by peaks and valleys which occur at about 
the same time each year, quarter, month or week. 
Such patterns may be induced by external conditions 
(school opening) or internal factors (January "white 
sales"). The most logical intuitive approach is to 
look at "what happened last year". The simplest 
forecast would be that sales this year will be the 
same as last year, but additional consideration must 
be given to the fact that prior periods this year were 
not precisely the same as those periods last year. 

There are three tests to be applied in classing an 
item as seasonal: 

1. The peak demand must occur during the same 
period each year. 

2., The peak demand should be 30-50% higher than 
the average demand and substantially greater than 
the noise. 

3. There should be an identifiable reason for a 
peak period of demand which is likely to recur. 
Figure 29 shows shipments of a seasonal item (an 
auto cooling system part). At least two to three years 
of data should be analyzed before an item is classified 
as seasonal. Use of a seasonal forecasting technique 
where it is not warranted can have adverse effects on 
both inventory and service. 
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Figure 29. Shipments of a "seasonal" item 

A word about the data on which forecasts are 
based: First, the preferred data would be history of 
demand - that is, what the customers would have 
bought had the item always been available. As a 
rule, though, historical records do not include total 
orders, but shipments; the latter, therefore, must 
be used as a practical matter. There is also the 
question of whether data should be by transaction or 
can be aggregated over a time interval. For distrib­
utors, the large bulk of items which make an impor­
tant contribution to sales move regularly enough that 
it is preferable to group transactions into a conven­
ient time interval. The time intervals for grouping 
of data should be for a consistent period, which 
normally should not exceed one month. 

Common Forecasting Schemes 

It is not uncommon to hear a buyer say that it is 
impossible to forecast sales of most of his items. 
If this were really true, there would be no reason 
for his job - in fact, he has made a forecast every 
time he decides it is time to place an order. Some­
times a guide is provided in the form of a machine­
computed average. More typically, the buyer looks 
at an item's history and mentally calculates an 
average. (A limited number of studies have shown 
that people tend to err on the high side in such mental 
calculations.) Because of the difficulty of making 
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these computations mentally, the number of histori­
cal periods included is normally very limited. As a 
result, the average is likely to be unstable, since 
the buyer does not see enough data to be able to tell 
which data represents real changes and which data 
represents random changes. 

The type of average in most common use is the 
moving average, where the most recent period is 
added in to replace the oldest period. It is simply 
the average shipment rate over a fixed number of 
time intervals (for example, average weekly sales 
rate based on the average of the past five weeks is 
100). 

110 + 90 + 100 + 80 + 120 
5 

= 100 

If the foregoing sequence of numbers occurred in 
a different order (say 80,90,100,110,120), the 
literal average would still be 100. Of course, a 
buyer seeing such numbers would not estimate next 
week's sales as 100. 

Another common type of av~rage is the weighted 
moving average, which gives greater weight to the 
history for more recent periods. A five-week 
weighted moving average, for example, might be 
made up of 30% of demand in the most recent period, 
25% of demand in the next most recent period, and 
so on down to 10% for the period five weeks ago. 
The percentages must total 100%, of course. With 
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Figure 30. Item shipments over 18 weeks 

the first series of numbers, the result would be 
100.5. 

30% of 120 = 36.0 
25% of 80 = 20.0 
20% of 100 = 20.0 
15% of 90 = 13. 5 
10% of 110 = 11. 0 

100.5 
With the second series the result is 105. O. 

30% of 120 = 36.0 
25% of 110 = 27. 5 
20% of 100 = 20.0 
15% of 90 = 13. 5 
10% of 80 = 8 . 0 

105.0 

WEEKS 

On the basis of the history available, one might 
be inclined to bet that 130 will be sold next week, and 
to say that 105 is obviously too low. Eighteen weeks' 
movement is plotted for this item in Figure 30. The 
second set of numbers above represents weeks 14-18. 
Inspection of the plot makes the bet on 130 look like 
a very poor risk indeed, though it is impossible to be 
absolutely certain that it will not be 130. If we 
looked at only three weeks at a time, it would be 
tempting to think that sales in weeks 10 and 15 would 
be less than 80. The point is that the history con­
sidered should be sufficient to damp out the mis­
leading effects of random fluctuations. Failing this, 
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a very unstable system can result. 

A Newer Scheme: Exponential Smoothing 

The two techniques of forecasting discussed above 
have two major disadvantages from a data processing 
point of view: (1) carrying enough history to give the 
forecast stability implies long records, and (2) 
extended multiplications and/or divisions, coupled 
with "sliding" of records, implies long processing 
times. Exponential smoothing is a form of weighted 
moving average which overcomes these disadvantages 
while maintaining equivalent accuracy. (Smoothing 
is just another term for averaging.) 

Consider an item for which the pattern of demand 
can be classed as constant, and for which data has 
been accumulated in monthly increments. One month 
ago the average of demand was computed to be 19 
units per month. Now we know that the demand was, 
in fact, 21. We want to take advantage of this new 
information to revise the estimate of the average. 
Assume that the old records which yielded the average 
of 19 have been inadvertently destroyed, so that the 
new estimate must be worked out using just the two 
numbers, 19 and 21. Two things seem immediately 
apparent: 

1. Because 21 is larger than 19, the new estimate 
of average should also be larger than 19. 



2. The amount of change from 19 should be pro­
portional to the difference (21-19). 

While these two statements explain exponential 
smoothing verbally, the following formula says the 
same thing: 

New average = old average +.::::::>< (new demand-old 
average) 

(The Greek letter alpha, <?< , is commonly used to 
designate a smoothing constant between 0 and 1 which 
determines the influence of the new demand on the 
new average.) By controlling the weight of the most 
recent data, alpha simultaneously determines the 
average age of the data included in the estimate of 
average. The value chosen for the smoothing con­
stant can be such that the estimate is very stable 
(low value) or reacts very quickly (high value). If 
you use c;><::. = .1, and work through the formula, you 
should get a new average of 19.2: 

New average = 19 + .1 (21-19) 
= 19 -r .1 (2) = 19. 2 

With a higher 0< = . 5, there is a greater response 
to the new information: 

New average = 19 + .5 (21-19) 
= 19 + • 5 (2) = 20. 0 

If the figures had been reversed so that the old 
average was 21 and the new demand 19, we would 
intuitively think that the new average should be less 
than 21 (the corollary of statement 1.) 

10 

Solving the formula with 0< = .1: 
New average = 21 + .1 (19-21) 

= 21 + . 1 (-2) = 20. 8 
When c::o< =. 5, 
New average = 21 + .5 (19-21) 

= 21 + .5 (-2) = 20.0 
Obviously a lower value of the smoothing constant 

introduces less effect from the new data. Corre­
spondingly, the effect of older data persists for a 
longer period of time, though to an ever decreasing 
extent. This effect is illustrated in Figure 31 for 
c>< = O. 1. The newest data available makes up 10% 
of the new average. One period later, its contribu­
tion is reduced to 9%, two periods later to 8.1%, and 
so on until 20 periods later when the contribution of 
the data is reduced to about 1%. With a high value of 
-=< such as . 5, however, the contribution of a given 
piece of data is reduced much more quickly. Figure 
32 foro<. = .5 shows that the weight given an indi­
vidual piece of data is reduced to 1% after only five 
periods have gone by. Regardless of the value of 
c::< , the weighting of data follows what is called an 
"exponential" curve - hence the name exponential 
smoothing. 

88.3% of new average Remaining 11.7% of 

new average comes 

from data more than 

19 periods old. 

% 

OF NEW 
AVERAGE 

is made up of data 19 periods 

periods old or less. 

10 12 ~ 14 IS 16 17 18 19 - - - - - - - - - - - - - --

AGE OF DATA 

Figure 31. Weighting of data with smoothing constant =0.1 
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Figure 32. Weighting of data with smoothing constant = 0.5 

Figure 33 shows how old data becomes before its 
contribution is reduced to about 1% for various values 
of 0<. The calendar age (days, weeks, months) 
depends upon how frequently a new forecast is made. 
Figure 34 shows the significant historical period 
included in the new average for various forecast fre-
quencies and valu,es of c:::::o-e:: • 

Number of Periods 

in Equivalent Smoothing % of Weight 
Moving Average Constant Within Period 

3 0.500 93.8 
4 0.400 92.2 
5 0.333 91. 2 
6 0.286 90.5 
7 0.250 90.0 
8 0.222 89.7 
9 0.200 89.3 

12 0.154 88.6 
18 O. 105 87.7 
19 0.100 87.7 
24 0.080 87.5 
36 0.054 87.1 
39 0.050 87.1 
48 0.041 87.1 

199 0.010 86.5 

Figure 33. Equivalent moving averages for given values of the 

smoothing constant 
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Maximum Age of Data 
Smoothing Forecast Which Contributes 
Constant Frequency Significantly to New Average 
-.-1- daily 19 days 

.1 weekly 19 weeks 

.1 monthly 19 months 

.2 daily 9 days 

.2 weekly 9 weeks 

.2 monthly 9 months 

.5 daily 3 days 

.5 weekly 3 weeks 

.5 monthly 3 months 

.01 daily 199 days 

.01 weekly 199 weeks 

.01 monthly 199 months 

Figure 34. Calendar age of data included in new estimate 

An inevitable question arises: What value should 
be chosen for the smoothing constant? A more 
meaningful way of asking the same question is: How 
much history should be included in the new averages? 
The answer is quite simple, conceptually. There 
should be enough history to give the system stability, 
but little enough so that real changes in level of 
demand will be recognized. The relative magnitude 
of forecast errors provides a good basis for com­
paring the results with different historical periods. 
Figure 35 shows the MAD of forecast errors obtained 
with various values of.."..,::. for a sample of constant 
random data. It appears that the magnitude of error 
is not greatly affected within a fairly broad range of 
values for the smoothing constant. For the data 
shown, 0.1 yields the lowest MAD, and hence the 
lowest average inventory since the safety stock is at 
its lowest possible value. Broad experience with a 
number of distributors has led to the conclusion 
that o. 1 is likely to be the most effective smoothing 
constant. Investigating alternative values can be a 
time-consuming and expensive task, with Significant 
improvement the exception rather than the rule. If 
the forecast error with c::::>< = o. 1 seems excessively 
high, it is suggested that you try 0.05 and 0.2. Only 
if the forecast error is reduced substantially with 
either value, is further experimentation warranted. 

If a significant improvement does result, the 
direction to go in seeking optimum results will be 
evident. 
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Figure 35. MAD of forecast errors vs. =< 

Another common question is: What should the data 
collection interval (or forecast interval) be? Since 
the objective is to forecast demand during the lead 
time, the period of data accumulation should be 
reasonably close to the average lead time. For dis­
tributors, the interval is typically weekly, biweekly 
or monthly. A new average is then calculated at the 
end of each interval. This estimate will be average 
usage during the data collection interval, which is 
unlikely to be exactly equivalent to the period of 
concern - that is, lead time plus review time. 
Accordingly, it is necessary to extrapolate to the 
time interval of interest: 

New average usage for lead time and review time 
=(new average for fore~ /1ead time + review tim~\ 
\cast interval ) \. forecast interval ) 

To illustrate, suppose that a new average is ob­
tained every four weeks using exponential smoothing. 
Suppose the new average is 100 - that is, during 
a four-week period, average usage is 100. If inven­
tory is reviewed weekly, and lead time is two weeks, 
the average usage desired is for a three-week period 
rather than four. Solving the formula yields an 
answer of 75: 

NA 
RT + iT : :::K~: ~ ~:) 

( 1.0 ) 

= 100 (.75) 
= 75 

While the forecast interval is treated as 1.0 in 
this example, it could just as easily be carried as 4. o. 
The precise value is of no concern, provided that 
the other time intervals are properly related to it. 
(If forecast interval were expressed as 4.0, review 
time would be 1. 0, and lead time 2. O. ) 

To set order pOint, it is necessary to have more 
than just an estimate of the average usage. Safety 
stock must be added to allow for those occasions 
when demand exceeds the average. The chapter 
entitled "Service and Safety Stocks" presented the 
concept of basing safety stock on a measure of fore­
cast error called the mean absolute deviation. An 
opportunity to measure the forecast error arises each 
time a new forecast is made, by comparing the old 
average to the demand which actually materialized 
during the period just past. We shall refer to this 
measurement of error as current absolute deviation. 

Current absolute deviation = I actual demand -
old average I 

If old average had been 100, the current absolute 
deviation would be 10, if actual demand turned out to 
be either 90 or 110. 

We have said that exponential smoothing was a 
convenient method for getting the equivalent of a 
weighted moving average. Since the mean absolute 
deviation is just an average, the technique of expo­
nential smoothing can be used to get it: 

New MAD = old MAD + 0< (current absolute devia­
tion - old MAD) 

The formula is basically the same as that used to 
find the average of demand. The only difference is 
that we are now averaging forecast errors (deviations) 
instead of demands. Accordingly, the same rationale 
applies: 
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1. If the current measure of error being averaged 
is smaller than the old average, the new average 
will be smaller. The converse is true if the current 
deviation is larger. 

2. The amount of change in the new average will 
be proportional to the difference between the old 
average and the new measure of error (current 
deviation) . 

As with the average, the MAD developed at this 
point applies to the forecast interval, which may 
differ from the interval of concern - review time 
plus lead time. 

Because you will be dealing with a variety of lead 
times, it will not be practical to compute MAD for 
each item for its own lead time. A more practical 
method is to determine how MAD varies with time, 
so that once a MAD is obtained for one time interval 
(the forecast interval) it can be computed for another 
(lead time plus review time). 

The fact that MAD increases as the forecast 
covers a longer period of time is readily recognized. 
If we forecast on the basis of a monthly data collec­
tion interval, and project one month into the future, 
the spread of errors in the forecast (MAD) can be 
expected to be less than the spread of errors for a 
forecast two months into the futurer Our concern 
here is with the way the spread of errors increases 
over a longer time period. 

It is sometimes assumed that the MAD of forecast 
errors increases in direct proportion to the time 
interval, as the average does. That is, the MAD for 
a two-month period is double that of a one-month 
period. This assumption overstates MAD and, hence, 
provides more safety stock than is required for the 
specified service level. 

Actual measurement of the time variation of MAD 
has shown in many cases that the MAD is a function 
of time to a power between O. 5 (square root) and 
1. 0 (directly proportional). Analysis of a sample of 
items with one of IBM's IMPACT Computer Programs 
will permit determination of the proper value for the 
power, which is called f3 (beta). It is then possible 
to convert the MAD developed for the forecast inter­
val to the MAD required for other intervals. The 
need for this adjustment points up the desirability of 
u.sing a forecast interval which is close to the average 
lead time. 

MAD = MAD 
(

LT + RT)f3 
LT + RT FI FI 

The range of values for a particular inventory is 
usually such that a table of limited size can be set up 
to avoid the need for computation. 

The order point formula can now be restated, 
adding the refinements introduced above: 
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(
LT+RT) (LT+RT)~ Order point = NA FI FI + K • MADFI FI 

where NAFI = new average for the forecast 
interval 

LT = lead time 
R T = review time 
FI = forecast interval 

C
LT+RTj FI = factor to extrapolate average usage 

to the interval of concern 

K = safety factor calculated to yield a 
specified level of service 

MADFI = mean absolute deviation of forecast 
errors for the forecast interval 

/3 = a power which expresses the rela-
tionship of MAD and time. 

(
LT+RT)f3 =factor to extrapolate MAD to the 

FI interval of concern 

The above formula yields a forecast of maximum 
reasonable demand for "constant" items. "Reason­
able" is defined by management's specification of 
desired service level. 

Controls 

A system such as we have been discussing would be 
most appealing if it could be relied upon to handle 
routine day-to-day decisions without the need for 
continual outside monitoring. This implies that the 
system must be self-monitoring, providing notifica­
tion when it is "out of control" and needs outside 
intervention. Once again, probability science offers 
a solution to the problem of separating the unusual 
from the routine. 

If the forecasts are a good estimate of the real 
world, the demand should fall above the average about 
half the time and below about half the time. If the de­
mands falling below the average were considered 
minus, and those above plus, they would tend to cancel 
one another. You would expect a running total of these 
errors to be very close to zero most of the time. A 
persistence on either the plus or minus side would 
indicate that the forecast is consistently too low or 
too high. In such a case, the forecast may not be 
tracking demand in the desired way, and there is 
need to evaluate what has happened. 

Consider the demand shown in Figure 36, which 
underwent a sharp and sustained increase starting in 
January 1960. Before the increase there was every 
reason to place emphasis on stability, since the 
pattern of demand was essentially constant. (The 
means of achieving this stability was, of course, a 
low value of e>< .) Naturally, this very stability 



causes the forecast to lag behind the new level of 
demand. During the period required for the forecast 
to "catch up", all of the deviations (forecast errors) 
will be positive. The sum of deviations will no longer 
fluctuate around zero, but will become larger and 
larger. 

o o 
o 0 

o 0 0 0 0 o 
0 0 0 0 0 0 0 0 -o~o-o_o=-:o----=;.o_-o 

o 0 

o 0 o 

00000 DEMAND 

o FORECAST 

o 0 0 
o 0 

o 

Figure 36. Response to a sharp, sustained increase in demand 

MAD provides the measure of whether or not the 
forecast is tracking satisfactorily: 

T ki 
. I - sum of deviations 

rac ng sIgna - MAD 
FI 

In order to have a self-monitoring system, it is 
essential that the tracking signal be calculated every 
time a new forecast is made. The tracking signal is 
then checked against an upper and lower limit which 
has been established to allow for a given likelihood of 
error. For example, if the limits are + 4 and -4, 
and the demand variation is truly random, there is 
only a 5% chance that the sum of the deviations will 
exceed these limits. Put another way, you will not 
be concerned about errors which could result from 
the inevitable random "noise" alone 95% of the time 
a forecast is made. Even though the limit is ex­
ceeded, there may be no cause for alarm - the 
"unusual" case which is bound to occur 5% of the time 
may be responsible. It is well, though, to provide 
the opportunity for judging whether the cause is just 
the unusual or a significant change, like that in 
Figure 36. 

On the occasion of the first limit trip, the investi­
gator may lack the knowledge to make such a judg­
ment with certainty. Possibly a competitor has 
lowered his price (without notifying you), causing a 
decline in your sales. This will provide a ready 
explanation once you know it, or hindsight makes a 
sustained change apparent, but you may have to chalk 
it up as "part of that 5%" the first time it happens. 

In such a case, you simply note the item which tripped 
its limit and wait. If the event was merely a chance 
occurrence, the tracking signal will be back within 
its limits at the time of the next forecast. 

It will certainly happen in some cases that the 
limit will be exceeded on the succeeding forecast. 
This is a much clearer indication that the forecast 
has encountered something other than just the unusual. 

The first thing to do is reset the sum of deviations 
back to zero. Failure to do so is likely to result in 
a series of alarms, even though corrective action has 
been taken. The next order of business is to figure 
out the cause of the trip and take remedial action. It 
is remotely possible that the unusual has occurred 
twice in a row. If this explanation is rejected, there 
are two other possible causes: 

1. A significant change in the level of demand, as 
illustrated by Figure 36. The pattern of demand was 
appropriately classified as constant before the change, 
and it continues to be so after the change. The fore­
cast could be improved upon if the average were 
simply adjusted to the new higher level. The desired 
action, then, is to get the average to the new level as 
quickly as possible, consistent with considerations of 
stability. If you are confident that the demand which 
caused the trip reflects a permanent change, rather 
than just a chance occurrence, the thing to do is set 
the average to the value at the latest demand. If you 
are not so sure, you may set it to an intermediate 
value. 

2. The use of an inappropriate forecasting system 
- for example, forecasting an item as though it were 
constant when it is in reality trending. This could be 
because the initial classification of a demand pattern 
has changed. Figure 37 illustrates a pattern which 
was constant until 1959, when a downward trend began. 

As soon as it is apparent that a new pattern of 
demand is operative, the forecasting technique should 
be changed to one appropriate to the new pattern. The 
techniques for trend and seasonal items will be dis­
cussed under "Trend and Double Smoothing" and 
"Seasonal Forecasting". 

Trend and Double Smoothing 

The constant pattern of demand talked about to this 
point could be represented by a single number, the 
new average. The formula presented to get this 
average yields a number, which is sometimes referred 
to as the "single smoothed value". 

Tracking a pattern of demand which has trend re­
quires knowledge of two points on the trend line. Two 
points are required to estimate the magnitude of in­
crease or decrease with each forecast. One of the 
points can be obtained with the same formula used to 
get the new average for constant demand. It will be 
called, however, the single smoothed value (SSV): 
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Figure 37. Demand pattern shifting from constant to trend 

New SSV = old SSV + =-< (new demand - old SSV) 
The second point will be called the double smoothed 

value (DSV). 
New DSV = old DSV + ~ (new SSV - old DSV) 
The same value of alpha should be used in both 

equations. The SSV and DSV are combined in the 
following formula to give a new average which in­
cludes the trend: 

New average = 2 SSV - DSV 
Figure 38 shows the relationship of the three 

values for a trend pattern which does not include 
noise. The new average arrived at in this way is a 
measure of what has happened to date. If it is de­
sired to project a continuing trend in the future 
estimate of average, an additional correction is 
necessary. Such an extrapolation of trend, however, 
is likely to result in a less stable system, particu­
larly for long lead times. It may well be that addi­
tional safety stock will be a more economical way of 
dealing with persistence of trend. As was mentioned 
in. the introduction to this chapter, great caution 
should be used in applying the trend technique. If 
there is not truly a trend, the inventory operation 
will be more costly, since the system will regard 
random fluctuations as trend and overrespond. 

The most pronounced instances of trend are ex­
emplified by fad items, such as hula hoops, where 
the time span is generally too short to make routine 
statistical forecasting useful. In the less dramatic 
case, the most marked pattern of trend is likely to 
occur with new or obsolete items; again, the time 
span is frequently of such short duration that intuition 
is difficult to compete with. 
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Figure 38. Relationships with perfect trend (no random noise) 

It is sometimes suggested that the trend technique 
should be used for all items. This thinking is sup­
ported by the argument that there are long-term 
business trends which have an effect on all items. 
This is almost certainly a serious error, however, 
since all items will be subject to random fluctuations 
of much greater magnitude than the gradual change 
associated with a general trend. The constant tech­
nique will track gradual changes perfectly well, and 
without the added cost induced by wrong application 
of the trend technique. 

Calculations of MAD, tracking signal, and order 
point are the same in the trend case as for the 
constant. 



Seasonal Forecasting 

At the beginning of this chapter (page 29) it was stated 
that three tests should be applied before classing an 
item as seasonal: 

1. The peak demand must occur during the same 
period each year. 

2. The peak demand should be 30-50% higher than 
the average demand and substantially greater than 
the noise. 

3. There should be an identifiable reason for a 
peak period of demand which is likely to recur. 

The inventory cost for an item which is truly 
seasonal can be substantially reduced by use of a 
seasonal forecasting technique. The data processing 
costs are greater, however, and it has even happened 
that the constant forecasting technique has reduced 
inventory and shortages for seasonal items, as 
compared with intuitive systems which purported to 
deal with the seasonality. Such use of a constant 
technique usually requires very rapid response, with 
an attendant sacrifice of stability. The required data 
gathering and file building for seasonal forecasting 
are also quite time-consuming and hence expensive. 
An intelligent use of the three rules set forth above 
will help to avoid such expenses where the savings 
would not justify them. A rigid application of these 
rules will quickly refute the claim that "all our items 
are seasonal", for most distribution industries. 
They may be seasonal by some other standard, but 
are not seasonal for purposes of statistical forecast­
ing. Items which are seasonal by the standards 
enumerated above will constitute less than 25% of 
the items for a typical distributor. 

In essence, seasonal forecasts will be based on 
demand during the same period in previous years 
adjusted for the change evident in prior periods. 

The first step toward seasonal forecasting is the 
building of a base series, usually by month. This 
consists of averaging demands during the same month 
in at least two prior years. As time progresses, a 
new base will be calculated for each month, using the 
familiar formula for exponential smoothing: 

New April base = old April base + =< (current 
April demand - old April base) 

It would be naive to assume that demand in a given 
month this year will be exactly what it was in prior 
years. It is likely, however, that such an estimate 
will be a good starting point, if it is suitably modified. 
Such a modification can be accomplished by noting 
the performance in prior periods relative to the base 
series for those periods. This index of performance 
is called the "demand ratio" and is computed at the 
end of each month. 

D d t ' demand during past month 
eman ra 10 = :-------:-'~----~ 

base series for past month 

The demand ratio is then smoothed in the usual 
way to get an average index of performance. 

Average demand ratio = old demand ratio + c::><: (new 
demand ratio - old demand ratio) 

This ratio, times the base series for the coming 
month, provides the estimate of average sales. MAD, 
safety stock, tracking signal and order pOint are cal­
culated in the usual way. 

The seasonality of some items is directly related 
to changes in weather conditions, the timing of which 
will vary somewhat from year to year. Because of 
this uncertainty, it may be desirable to construct the 
monthly base series using the average of the surround­
ing quarter. 

If lead times extend beyond the upcoming month, 
it is, of course, necessary to include a portion of the 
base series for succeeding months in the estimate of 
average. Similarly, as the end of the current month 
approaches, so that lead time extends to the next 
month, order point should be reduced by an appro­
priate percentage of the current month's expected 
average and increased by the same fraction of next 
month's expected average. This is merely an interim 
adjustment between regular forecasts and should not 
affect MAD and safety stock. 

Special Forecasting Problems 

The three forecasting techniques presented above will 
successfully treat the great bulk of items in most 
distribution inventories. Techniques for the remain­
ing special cases have not been developed sufficiently 
to warrant recommending them as having universal 
applicability. It is not surprising that research efforts 
to date have been concentrated where the largest 
potential savings appeared to be - that is, in develop­
ing solutions for the majority of items. The smaller 
number of items, which make up the exceptions, 
frequently require much more effort to develop routine 
forecasting solutions - perhaps more than the antici­
pated savings will justify. A preliminary look at these 
special cases may indicate that the most economical 
solution is to continue with intuitive forecasts for the 
present. 

New items pose a problem for any forecasting 
scheme because of the obvious lack of history on 
which prOjections may be based. The initial estimate 
of sales must always incorporate expert judgmental 
decisions which a set of formulas can not presume to 
duplicate. If the buyer will supply an initial estimate 
of average and MAD, statistical forecasting can then 
proceed and serve as an aid to the buyer's judgment. 
(Of course, the first forecasts will be no more 
accurate than his estimates.) There is some appeal 
to using a higher value of the smoothing constant until 
a new item is judged to have "settled down". If the 
trend technique is being used, the values must be 
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recalculated when alpha is changed. More tracking 
signal trips are to be expected with new items. 

"Style goods" are commonly new items every 
year; the basic item is the same year in and year out, 
but superficial characteristics, such as color, 
material, cut, and style, change. It may be possible 
to make good forecasts for groups of items, such as 
"150 $7.95 print dresses, size 12", with the mix of 
colors and styles left to the buyer's judgment. If 
the opportunity to reorder exists, it may be that 
early-season sales are a good aid in forecasting 
total sales for the season. 

Periodically an effort may be made to stimulate 
sales of particular items or vendor lines by price 
reductions and/or a sales campaign. Such items are 
often referred to as "promoted items". The effect of 
such :!.nerchandising is extremely difficult to assess, 
as any buyer will testify. Some businessmen take 
the view that promotions simply borrow sales from 
the future with no increase in overall sales. Whether 
this be the case or not, promotions seem to be an 
established fact of business life which must be dealt 
with. It sometimes happens that the response to 
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promotions is consistent enough that smoothed 
demand from past promotions provides a good fore­
cast. This is rather like a base series, except that 
the peak can be moved at will in anticipation of the 
promotion. Such a statistical forecast may serve as 
a helpful aid to the buyer, but must be supplemented 
by his judgment of the impact of merchandising under 
current conditions. The demand during a promotion 
should not enter into the forecast of demand during 
nonpromoted periods. 

We have by no means exhausted the vast list of 
special forecasting problems, but, as was pointed 
out, the number of items subject to such problems is 
normally much smaller than might be thought. The 
great bulk of items can frequently be much better 
handled by one of the routine forecasting systems 
during most of the time, with judgment taking over 
in the special cases where intangible factors operate. 
Freedom from the routine decisions of buying enables 
the buyer to concentrate his valuable and expensive 
knowledge in the area where it is most likely to prove 
beneficial - merchandising. 



CHAPTER 7: SYSTEM IMPLEMENTATION 

As stated at the outset, the objective of this manual 
has been to present the principles of scientific inven­
tory management. When properly applied, these 
principles will provide the basis for sound decision­
making and substantial savings. In many cases 
special conditions may exist which favor additions and 
modifications to the basic approach. 

The intent of this chapter is to outline the major 
activities and considerations which lead to implemen­
tation of an inventory management system. 

Study Organization 

It is recommended that a study group be organized to 
guide and monitor the progress of the study. The 
study group should be headed by a management repre­
sentative familiar with company objectives, who can 
make policy decisions and assign priorities to the time 
of those who will become involved. 

Some member of the study group should record the 
principal topics discussed and decisions made; other 
members should then review these minutes to ensure 
concurrence with the recorded basis of planning. An 
IBM representative will be available to the study 
group to provide knowledge gained through special 
training and experience with other IBM users. 

Before the study begins in earnest, the person who 
is to have prime responsibility for the actual work of 
the study should be freed from his other duties so that 
he is available full-time. This individual's most 
important qualification is familiarity with the inven­
tory problem. He should also have a good knowledge 
of the company's organization and should be known 
and respected as a trustworthy person since he will 
be probing into the details of many jobs and proprie­
tary records. Ideally, he should be familiar with the 
concepts of data processing. While this knowledge is 
not mandatory, it would be advantageous for him to 
attend an IBM course on basic computer concepts 
when time permits. 

System Characteristics 

A decision-making system exercising a significant 
influence on costs should have the following charac­
teristics: 

1. Accuracy. The system should make correct 
decisions. This is not to say the decisions should be 
100% accurate @ the time, but they ought to be the 
best possible based on available knowledge. 

2. Stability. The system should be stable in the 
face of unusual, nonrecurring events and everyday 
fluctuations. Unless management has special re­
quirements, it is desirable that inventory, service, 
and rate of purchasing/receiving be maintained at a 

fairly constant level once the proper level is estab­
lished. This greatly facilitates planning. 

3. Control. Perhaps most important is the re­
quirement that management be able to issue policy 
directives with the assurance that they will be imple­
mented in a positive and consistent way. This is 
mandatory if management is to control the system 
rather than the converse. 

4. Reports. Reports must be provided to serve 
two functions: to act as a guide in setting policy and 
to confirm that policy directives are being carried 
out. These should normally be a distillation of the 
routine operating reports used by those whose primary 
function is associated with inventory. 

5. Self-monitoring ability. Management should be 
able to forget about the routine day-to-day decisions 
made by the system. To accomplish this end, the 
system must include checks and limits to signal the 
need for outside intervention when the nonroutine is 
encountered. 

System Development 

The objective during the developmental phase is to 
describe and summarize those aspects of the company 
and its environment which bear on the inventory prob­
lem. The goal in the early stages is not so much to 
propose solutions as to learn what will confront the 
system. Of particular interest will be demand pat­
terns, the variable costs of purchasing and mainte­
nance, and vendor characteristics. 

At the outset of the study a tentative route from 
beginning to end can be laid out rather specifically. 
The schedule may include particular local problems 
at management's request - it may happen that such 
problems are found to represent an insignificant por­
tion of revenue or cost when studied in detail. The 
president of one company was surprised (and relieved) 
to learn that what he identified as a "serious problem" 
accounted for less than $40,000 of $10,000,000 annual 
sales. Some such problems are not difficult to cope 
with and have remained unsolved only because they 
have not been examined in depth. 

Much of the information required to develop an 
inventory management system may be unavailable or 
incomplete in present records, so that a substantial 
amount of clerical and data processing assistance will 
be needed. This is particularly true for the larger 
data gathering tasks such as demand history, unit 
weights, lead times, inventory balances, discount 
structures, etc. 
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System Planning 

At some point the study team will feel they have 
identified and understood most of the important prob­
lems. At this point they will have developed ways of 
dealing with the bulk of these problems in a systemat­
ic way. Some of the problems will not be susceptible 
to routinized decision-making. Others may have less 
than the optimum solution because (1) insufficient data 
is available at present to support a complete investi­
gation and (2) the optimum solution appears to be 
little better than the very good solution developed 
within reasonable limitations of time and money. 

System planning consists of gathering the solutions 
which have evolved in the process of investigation, 
and welding them together to create a functioning 
system. Of no little importance in this designing 
process is consideration of the complex of equipment 
and people within which the system will operate. 
Planning at this stage must be closely coordinated 
with data processing and with those who will review 
the various reports. 

Prior to this detailed planning, however, the study 
team will be able to supply data processing with some 
desired record contents and block diagrams of certain 
programs which inevitably form a part of any scientif­
ic inventory management system. Some modification 
of existing routines may be desirable. An early start 
on these basic elements hastens implementation and 
reduces the subsequent peak in the programming load. 

There are three principal subsystems to be planned 
in detail: ordering, forecasting and reviewing. 
Associated with each of these is the need for file 
maintenance and reports. 

The ordering subsystem mus t consider the various 
cost elements discussed in Chapter 3 to provide an 
order quantity for each item. As was pointed out in 
Chapter 3, there is usually nothing to be gained by 
refiguring order quantities more than once or twice 
a year. Thus the usual function of the ordering 
system will be to provide an accessible file of pre­
viously calculated order quantities. The calculations 
themselves can be made by one of the IMPACT Com­
puter Programs. An evolutionary development might 
be machine-prepared purchase orders for the buyer's 
approval; this makes the ordering system somewhat 
more complex, requiring inclusion of all the perti­
nent vendor data needed to write an order. For joint­
ly replenished vendors, allocation will be in day-to­
day use as part of the ordering system. The IMPACT 
Computer Program Library includes programs for 
allocation, but linkage to them must be planned 
locally. 

The forecasting subsystem provides the estimates 
of usage and of forecast error needed to set order 
point. In order that changes in level or character of 
demand may be recognized and planned for, new 
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forecasts should be made fairly frequently. Common­
ly, forecasts are made monthly, biweekly or weekly. 
The tracking signal and other self-monitoring features 
such as demand filters form an essential part of the 
forecasting system. Since the forecasting system is 
likely to be the greatest contributing cause to poten­
tial savings, it merits the most careful attention. 
Particular thought should be given to questions such 
as: 

• How and when should the safety factor be changed? 
• How should the forecast be modified if the buyer's 

judgment indicates it is wrong? 
• How should promotions affect the forecast? 
• How soon should new items be handled by the 

system? 
• What action should be taken when a tracking signal 

trips? 
The reviewing subsystem compares available stock 

with the order point computed by the forecasting sub­
system. If order point has been reached, the review 
routine initiates ordering action. The reviewing system 
is less complex, but will be most frequently used since 
stock is depleted constantly and should be checked for 
the need to order. Review may be continuous (that is, 
after each transaction), but is commonly weekly or 
biweekly. The review system is usually the most 
appropriate for keeping; records of the number of 
purchases issued and the inventory value. 

The billing routine will require some modification 
to measure performance of the system with respect 
to service. Any tendency to postpone such modifica­
tions should be avoided, as it is imperative that 
management have the information required to know 
that the system is performing according to plan. 

System Initializing 

Before items can be entered into the system, certain 
initializing values must be calculated. In addition, 
each item must be classified with respect to demand 
characteristics and ordering strategy. The IMPACT 
Computer Program Library can provide substantial 
assistance in filling both needs. 

The ordering subsystem is concerned with deter­
mining the most economical way in which to order an 
item. This entails costing all the reasonable strate­
gies, considering purchasing cost, maintenance cost, 
and the effect of price reductions resulting from dis­
counts or freight breaks. The IMPACT Order Quan­
tity Program will perform these computations and 
recommend whether an item should be independently 
or jointly replenished. Having made this basic de­
termination, it will go on to calculate the specific 
order quantity for each independent item, taking into 
account such things as pack size, minimums, shelf 



life, review time requirements, etc. For items 
which are to be jointly replenished, it computes the 
order frequency which is required input to the IM­
PACT Allocation Program. 

Once it is in operation, the forecasting subsystem 
will be concerned primarily with updating order 
points, but before that can be done it is necessary to 
identify each item's pattern of demand as horizontal, 
trend or seasonal. The IMPACT Demand Pattern 
Analyzer will make recommendations in this regard 
which should be verified by the study team with assist­
ance from the buyers. This verification is essential 
in any case, but is particularly important if the his­
tory supplied to the program is for less than one year. 
With more than one year, but less than two, greater 
confidence may be placed in the results of the pro­
gram. Items classed as having trend, however, 
merit special attention since the program cannot and 
will not make a reliable test of seasonality without 
two full years of history; hence items which are truly 
seasonal may be wrongly classified as trend. As soon 
as the requisite history is accumulated, the program 
should be rerun to check for seasonality. Once the 
classification has been made, the study team will 
lmow which set of formulas should be applied to each 
item for routine forecasting. The remaining require­
ment is to supply initial values on which to base sub­
sequent forecasts, including the single-smoothed 
value for horizontal items, single- and double­
smoothed values for trend items, and a base series 
for seasonal items. All these values are computed 
by the IMPACT Forecast Initializer Program along 
with a starting MAD for each item. Another program 
calculates the safety factor needed to set order points 
for the desired service level. 

The reviewing subsystem is dependent mainly upon 
values derived in the ordering and forecasting sub­
systems. They cannot be used effectively, however, 
until current values of on-hand and on-order amounts 
are routinely available to the reviewing system. 

It is highly recommended that a relatively small 
group of items be run completely through the pro­
grams and the output analyzed carefully before any 
large scale conversion is attempted. This group 
might consist of a few hundred items representing 
ten to twelve vendors, preferably in one department. 
It is very appealing to use this same group of items 
to verify that the operating system functions according 
to design. 

At the same time that initializing values are being 
computed, the IMPACT Computer Programs will 
make estimates of future inventory behavior. These 
estimates will be far more accurate than any made 
earlier in the study because they include all items 
processed rather than just a sample. All estimates, 
of course, are based on present conditions and must 
be discounted somewhat if major changes are lmown 
to lie ahead. 

System Operation 

As the initializing values for items are developed, 
they can be entered into the operating system. At 
the outset the study team will be kept busy making 
corrections and modifications to the system, which 
is likely to contain some minor omissions and errors 
despite thorough analysis.and planning. This makes 
it extremely desirable to put a small group of items 
on the system as early as possible in the study. This 
early tryout will materially reduce problems asso­
ciated with subsequent large scale conversion. 

As the buyers become familiar with the system and 
gain confidence in it, they will spend less time mon­
itoring its output and be free to concentrate their 
experience on the special problems of promotions, 
new items, etc. At the same time the system will be 
monitoring itself within control limits to provide 
special notification when outside attention is required. 

Plans should be made to ensure that the initial 
conclusions upon which the system is based continue 
to be correct. Some events will make the need for 
change obvious. For example, if a vendor changes 
all prices or his discount structure, ordering strategy 
for that line should be re-evafuated. 

In the absence of conditions which create an 
obvious need for change, there should be periodic re­
evaluations; in most cases there is little reason to do 
so more often than annually. 

For the ordering subsystem, the following factors 
should be reviewed: purchasing cost, maintenance 
cost, annual sales figures, total order minimums, 
item minimums, shelf life constraints, pack size, 
and discount structures. Some of them will surely 
have changed, and it is recommended that ordering 
strategies be reassessed and order quantities re­
calculated. Simultaneously a new estimate of cycle 
stock will be produced. 

The forecasting subsystem will reflect changes in 
level of demand and forecast error through the normal 
response of exponential smoothing. Similarly, an 
initial error in classification of demand pattern will 
have tripped the tracking signal, so that corrective 
action will presumably have been taken. However, a 
new safety factor should be calculated incorporating 
the latest value of MAD and change in order quantity, 
if any. Other factors which should be rechecked are 
lead times, review time, MAD vs. time relationship, 
and the service objectives. The final stage can be a 
rerun through the 1M PAC T Safety Stock Program to 
obtain an estimate representative of current conditions. 

Pre-Study Activity 

It frequently happens that a company wants to install a 
a scientific inventory management system but is not 
ready to begin - because (1) the person who is to 
direct the study cannot be freed from his present 
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duties immediately or (2) item histories are inad­
equate and item records do not incorporate all the 
required information. A less compelling reason for 
postponement is the imminent installation of a new 
data processing system, in which case it is some­
times desirable to complete conversion of previously 
planned applications first. 

Whatever the reason for failing to embark on an 
inventory study immediately, several preparatory 
steps can be taken in the meantime (these do not en­
tail a major effort, but will speed the study greatly 
when it does begin): 

• Have the data processing department prepare the 
distribution by value listings described in Chapter 2. 
In addition to helping in the study, they should prove 
useful in the meantime. 

• For all items accumulate a history of sales (in 
units) by consistent time intervals such as weeks or 
months. It is highly desirable that the history be in 
machine-readable form. 

• Each item record should be maintained by the data 
processing system and should include unit cost, on­
hand amount, on-order amount, period-to-date sales, 
and vendor pack size. Item weights should be readily 
available for vendors who offer a discount based on 
total order weight or who do not pay freight. 

• For each vendor, record dates of orders and 
receipts to measure the lead times. 

• Using the item distribution by value, select a 
sample of 50-100 items (if 5,000 items are carried, 
select every 100th item for a sample of 50). Check 
these items with the buyers and pick substitutes for 
items which are discontinued, were recently added to 
the line, are not carried the year round, or are non­
typical for some other reason. For this sample: 

1. Accumulate a history of sales (units) by day. 
2. Accumulate a history of shortages by day. 
3. Record quantities ordered from the vendor. 
4. When a receipt is processed, record the on­

hand balance prior to addition of the receipt. 
Having the data recommended for the sample will 

make it much easier to project the savings of the 
proposed system as compared with the present 
system. Without such a comparison it is impossible 
to evaluate the worth of the proposed system. 

None of these 9reparatory steps require a massive 
expenditure of time or effort once a plan has been set 
up to gather the data. If they are not done before the 
formal undertaking Qb the study, the study team will 
be seriously hampered in its investigation by insuf­
ficient and inadequate data. 

Implementation Schedule 

Because of the great number of variables, it is im­
possible to lay down a general guide to the time a 
study and implementation should take. Some of the 
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key factors which may influence the speed of com­
pletion are the characteristics of available data, 
qualifications of the person with prime responsibility, 
availability of clerical help, ability and availability 
of data processing assistance, ability and availability 
of programmer, accessibility of management and 
buyers, number and variety of items and vendors, 
number of stocking locations if more than one, the 
complexity of special problems encountered, and the 
degree of refinement desired. 

IBM representatives can help set up a tentative 
schedule on the basis of their knowledge of the com­
pany under study and their experience with other 
customers. As the study proceeds, the schedule will 
be revised to incorporate unforeseen accelerations 
and lags; this should be a prime topic of each study 
group meeting. 

Summary 

It has been the intent of this manual to introduce some 
relatively new techniques of management science 
which relate to the control of inventories. The cen­
tral feature of these techniques is explicit recognition 
and control of the financial consequences of alternative 
courses of action. The tools are basic mathematics 
and statistics. 

The techniques presented here have been used by 
a number of companies with notable success. That 
these techniques have not been more broadly applied 
is readily understood since most of the literature 
available to date has been written for the technically 
inclined reader rather than the typical businessman. 
Because of the extensive computations involved, these 
techniques are difficult, if not impossible, to apply 
to a large inventory without the logical and mathe­
matical power of the computer. Only recently has 
technology made such machines available to any but 
the larger companies. 

A scientific inventory management system gives 
management a unique type of control over the routine 
decision-making affecting inventory. It becomes 
possible to base policy decisions on a reasonable ex­
pectation of the results and, having established opera­
ting objectives, to be confident they will be executed 
in a consistent and sound way. 

While the tools and techniques presented here are 
almost certain to be appropriate for the great bulk of 
items in distribution inventories, it must be clearly 
understood that they cannot be used without thorough 
preliminary analysis. The unthinking use of a set of 
formulas could yield very poor results in a specific 
instance. Careful planning, combined with these 
principles and an understanding of the situation in a 
particular company, will take somewhat more time 
but is certain to be worth the effort. 
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