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. Chapter 1

INTRODUCTION

Statement of the Problem

The main objective of the present United States Air
Force Medical Materiel Management System (MMMS) is to provide

optimal logistical support to Air Force medical facilities as

prescribed by Air Force Manual 67-1, Volume V. The inventory
control procedures outlined in this manual require a minimum
of 95 percent fill-rate on customer demands, while maintaining
an economical level of inventory (21:p.1-1). The United States
Air Force (USAF) Surgeon General's Office believes customer
requirements are being satisfied; however, key staff personnel
have stated that the same level of customer service could be
achieved with a lower inventory investment (7). Although AF
Manual 67-1 establishes a firm guide for what is considered
economical, the Surgeon General's Office and the Air Force Data
Systems Design Center suggest that fluctuations in demand,
possibly caused by seasonal variation, could be a significant
contributing factor to the high cost of inventories. The
problem for research is to identify these seasonal variations

and their effect on the medical inventory system.

Justification

The Department of Defense has recognized that within
the logistics support system certain commodities possess
1




pecularities or characteristics that make them sufficiently
distinctive to warrant separate management (20:11). The unique
nature of medical supplies warrant this separate management.
The critical features of rapid responsiveness, shelf life
limitations, and climate control are characteristics of
medical inventories. Many drug items require close monitor-
ing to insure that their shelf life and temperature ranges

are not exceeded. "In the medical sector, there are few
inventories maintained that are not subject to expiration
dates and perishable controls [13:735]." For these reasons,
medical supplies have been segregated from nonmedical supplies
and are managed under a separate inventory control system, the
MMMS (21:p.1-1).

The importance of medical inventories requires that
strict considerations be made by the Air Force in handling and
managing such inventories. Basically, the management goals are
to maintain as low an inventory as possible while still pro-
viding the customers a 95 percent fill on all line items
demanded. To achieve such a level of service requires a
substantial investment in inventory stocks. In fiscal year
1978, the Medical Materiel Management System consisted of 101
Air Force medical supply accounts. These accounts required
the management of over 15,000 individual line items, with a
total net sales of over $93 million, and an average inventory
investment of over $10.5 million. The inventory turnover rate
during this period was 8.8 (24). The large dollar values
involved in this system suggest substantial potential savings

2




could be realized with even a small improvement to the inven-

tory system.

Background
The medical materiel inventory system involves many

decision parameters. These parameters include such factors
as safety levels, pipeline times, economic order quantities,

daily demand rates, stock control levels, and seasonal

influences. Previous studies in the area of medical materiel
management have specifically addressed some of these factors.
Peacock and Seale attempted to apply a variable safety level
to the system in order to improve the service level (14:6).
Ferguson addressed the Daily Demand Rate (DDR) computation
and provided a formula for determining a new DDR factor which
could ultimately affect the stock control level, the reorder
point, and the safety level (8:22). In a related study,
Bloss, Moccia, and Rowland designed a computerized inventory
control system for the pharmacy at the Medical Center, Wright-
Patterson AFB, Ohio (3:1). In all three studies, specific
recommendations were made for continued research regarding
seasonal effects on the medical supply inventory system.
Peacock and Seale stated, "A model could be developed to evalu-
ate the trends and seasonal factors upon the USAF Medical

Materiel Management System [14:63]." Ferguson indicated that

any development of a new inventory control system should in-

' clude a seasonal factor. "If properly designed, the seasonal

factor should be sensitive to a seasonal demand pattern and
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insensitive to other demand patterns (8:18]." Bloss, Moccia,

and Rowland also indicated in their research that demand data

revealed drug items that appeared to have seasonal fluctua- '
tion patterns (3:34). They suggested future study in this

area for system improvement. Recent interviews with Captain

Larry B. Van Cleave, Staff Officer, Air Force Medical Materiel

Field Office (23), Mr. Larry Prior, Systems Analyst, Air Force

Data Systems Design Center (15), and Major Graden Casto, Chief,
Materiel Management and Procedures, Headquarters United States

Air Force Surgeon General's Office (7) strongly confirmed the d
need for continued research into the seasonal effects on

medical inventories.

Objectives

Based on the research efforts previously mentioned and
the guidance of those currently working in the Medical Inven-
tory Management System, the specific objectives of this research
were:

1. To establish criteria for identifying seasonality
in medical materiel inventories.

2. To determine the extent of seasonality.

3. To develop changes to the current computer system

to allow for adjustments for seasonality.

Research Questions

The major emphasis for this research was directed
toward answering the following questions:

1. To what extent are seasonal variations present in

4
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the medical inventory system?

2. Can seasonal variations be accounted for by

modifications of the present computer system?
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Chapter 11

DEVELOPMENT OF CURRENT SYSTEM

Inventory Theory and Models

According to Turban and Meredith, the major reasons
for maintaining an inventory include: protection against
irregular demands and irregular supply, protection against
inflation, and to allow firms to take advantage of large
quantity discounts on orders (18:365-366). The two key
problems that usually face any firm when attempting to
establish an appropriate level of inventory are when to
order, and how much to order (11:475). The amount of inven-
tory on hand depends on the amount of consumption and the
length of lead time needed to acquire replenishment of stocks.
In a deterministic model, where it is assumed that demand is
known and lead time is known, it becomes very easy to determine
when an order should be placed and how much should be ordered.
An order is placed when the balance will just be adequate to
fill demands during the lead time. The order will then arrive
at exactly the time that the inventory balance reaches zero.
The quantity to be ordered will be the quantity needed to bring
the stock up to the predetermined level. An illustration of
the deterministic model is represented in Figure 1 (18:225).

In reality, however, managers are not fortunate enough
to be able to determine with complete certainty what the demand

6

e~y p— e W o — A S e

P




and lead time will be. Therefore, managers have developed
safety levels designed to absorb variations in normal demands
and normal lead times. The amount of the safety level limits
to a large extent the number of times that a stock-out* con-
dition will occur. '"No institution can afford to carry
inventories for all items so large that it can protect itself
against every situation [2:59]." Therefore, management must
decide what amount of stock-outs is acceptable and set the
safety level at a point where they can achieve this goal. This
method is based on the probability that demands and lead time
will fluctuate within certain limits, which makes this a stoch-
astic model. An illustration of a stochastic model is depicted
in Figure 2 (19:225). In this model, whenever the consumption
drops on-hand inventory to zero, a stock-out condition exists.
Figure 2 illustrates that the reorder point should occur at

the time that consumption will cause the balance to fall just
to the safety level during the anticipated lead time. The
safety stock should be used only when demand or lead time ex-
ceeds the normal. The amount to order will always be the
amount needed to bring the balance up to the predetermined
level. The problems for the manager are to determine the level
and at what percentage of that level the reorder point should
be established. The MMMS approach to solving these problems

has been to use the A-B-C method of inventory control.

.Stock-out--A condition when demand cannot be filled
from existing stocks.
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Under the A-B-C method, stock items are given emphasis
based on the total holding and ordering costs of the item.
Total holding costs are a function of the unit price plus
storage costs, whereas the total ordering costs include all
administrative expenses associated with placing an order. Items
that have a high unit cost or a high value of annual consumption
are classified as type A items and are given more attention in
the inventory management system than are type B and C items,
which have lower cost or consumption values. Under the A-B-C
method of control, orders are placed more frequently and in
smaller quantities for high dollar value consumption items.
For example, a type A item might be ordered once a month with
a one-month supply plus lead time being ordered, whereas a
type B item might be ordered once every six months with a six-
month-plus lead time quantity being ordered, and a type C item
might be ordered once every year. This is because the cost of
holding the type B or C item is less than the cost of holding
the type A item, and the relative cost of ordering the type B
or C item is high in comparison to the relative cost of order-
ing a type A item. The reorder percentage then becomes a
factor of the value of annual consumption which, in turn, is a
factor of the unit cost. The reorder percentage is higher for
items with a high annual consumption dollar value and low for

items with low annual consumption dollar value (9:65-67).

The Medical Inventory System

The MMMS operates similar to the stochastic inventory

model. The system takes into account the possibility of random

9
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variations in demands and delays in receipt of orders. In

order for the system to operate, certain variables must be com-
puted during each processing cycle. The Economic Order Quantity
(E0OQ), the Safety Stock Level (SSL), the Pipeline Time (PLT),
the Daily Demand Rate (DDR), the Stock Control Level (SCL), the
Reorder Percentage (ROP), and the Reorder Point (RP) are the
variables used to determine the optimal inventory balance within
each processing cycle (22:p.8-1 to 8-4). These variables are
computed on an individual basis and are used to forecast one
month in advance the expected demand for each line item and

the appropriate levels associated with that demand. The operat-

ing period for computations is one month and the forecast uses

as its basis the following parameters.

Moving Average Method. The moving average provides a means for

determining the expected demand the following month and is ex-

pressed by the following formula:

where:
m = months of history consumption, not to exceed 12 months
ED,,; = expected demands for next period

Di = actual demand for the ith period (21:p.8-4)

Requirement Code. In the present system, the normal number of

days between ordering of replenishment stock is determined by

the annual dollar value of issues (22:p.8-3). The annual value

of consumption is used to determine the Requirement Code for
10




each item in inventory. The Requirement Code then specifies
the value of certain variables used to compute other parameters.
The primary purpose of the Requirement Code is to incorporate
the A-B-C inventory method into the system. The Requirement

Codes, as specified in AFM 167-240, are shown in Table I.

TABLE I

Requirement Codes

Annual Consumption Requirement Code
Less than $8.00 1
$8.00 to $47.99 2
$48.00 to $287.99 3
$288.00 to $1727.99 4
Non-medical items §e
$1728.00 and over 6

*Not subject to dollar value parameters

Economic Order Quantity. The EOQ, as described by AFM 67-1,

Volume V, was developed to consider a combination of cost
factors. It indicates the optimum order quantity that will
minimize the cost of ordering and the cost of holding an inven-
tory. The EOQ affects the number of requisitions initiated
during the year (21:p.8-3). A value known as the EOQ factor
(EOQF) is generated based on annual consumption costs. This
factor can range from 30 to 365 days and is used in determining
the reorder percentage necessary to calculate the quantity to

11
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be ordered each cycle.

Pipeline Time. The moving average method is used to determine

the mean pipeline time of receipts. The number of pipeline
times utilized in the computation is determined by the require-
ment code of the specific item. The number of pipeline values
used according to each requirement code is shown in Table II
(22:p.8-2).

TABLE I1I

Pipeline Time Factors

Requirement Code Pipeline Time Factors

[- L S
L= - S o

The formula for computation of pipeline time is:

1 PLF
PLT = pry £ Pi
i=1

where:
PLT = Pipeline Time

PLF = Pipeline Time Factor as specified by the
Requirement Code

P, = Most recent historical pipeline times

Daily Demand Rate. The DDR is computed using the sum of the

issues in the available consumption history divided by the
12
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number of days in the consumption history up to 365 days. The

formula for computation is:

1
DDR = L 1ISS
D ;e i

where:
DDR = Daily Demand Rate
ISSi = Daily Issues
D = number of days in consumption history, limited
to a maximum of 365 days
It should be noted that once the item's consumption history has
reached 12 months, the number of days in the consumption period

is set at 365 days (22:p.8-2).

Safety Stock Level. In this system, the safety level is simply

fixed at one month of stock based on the previous 12-month
average. The safety stock level is figured as follows:

p ®
SSL = -y L Di
i=1
where:

m = months of history consumption, not to exceed 12
months

Di = actual demands for the ith month

Based on the annual dollar value of consumption, a Safety Level
Factor (SLF) is provided in the computation of the Stock Control
Level described below. This SLF is the number of days' supply
to be ordered depending on the requirement code and the number

of months of history consumption available. If the consumption

13




is less than 6 months, the SLF is equal to 15 days, and if the
consumption history is for more than 6 months, the SLF is equal

to 30 days (21:p.8-5).

Stock Control Level. After each of the above described vari-

ables has been determined, the SCL is then computed according

to the following formula (21:p.8-4):
SCL = (SLF x DDR) + (EOQF x DDR) + (PLT x DDR)

Reorder Percentage and Reorder Point. The Pipeline Time,

Safety Level Factor, and FOQ Factor are used in the formula to
compute the desired reorder percentage, which is subsequently
used to determine the numerical reorder point. The ratio of

factors for determining the ROP is:

ROP = PET + SEF
This value (ROP) is then applied against the SCL to determine

the reorder point (RP):

RP = ROP x SCL

Seasonality
Most inventory systems allow for certain fluctuations

in lead time and demand by incorporating a safety level. This
works adequately for those items whose lead time and demand
fluctuate according to random variations to a normal distri-
bution. The safety level is designed to accommodate a certain
standard deviation from this norm. There are, however, many
items whose demand fluctuations follow other than a normal

14




distribution over a 12-month period (6:31-35). Some items are
demanded only during certain months of the year and possibly
only one or two months of the year. If this demand follows a
pattern from year to year, the items should be considered to

be seasonal and should be treated in a special manner. Retail

businesses generally handle seasonal items on an exception basis.
For example, a sporting goods store increases the level of ammu-
nition on hand just prior to hunting season and allows the level
to drop much lower during nonhunting seasons. Commercial depart-
ment stores typically build up inventories just before Christmas u
in anticipation of increased sales during that season. These i
stores usually liquidate their seasonal assets at the end of the
season by having clearance sales. By eliminating the inventory H
of off-season items, firms can then afford to invest in other
areas of interest. It appears that most of these seasonal ad- 1
justments are done heuristically. If an inventory is managed
by a computer, the manager must override the recommendations of
the computer and establish levels based on the past year's
history. AFM 67-1, Volume V, even specifies that "variations
in stock control levels and EOQs may be necessary for certain
items under certain conditions,'" such as ''seasonal items with
negligible off-season consumption [21:p.8-4]." With the number 1
of line items being managed in the medical inventory, it becomes
impossible to manually control all items that exhibit seasonal
trends. This is exemplified in the case of Insect Sting Kits
in the inventory at the USAF Medical Center, Wright-Patterson
AFB, Ohio. These particular kits show a history consumption of
15




24 in April, 24 in June, 36 in July, 12 in August, and zero in

the following eight months. The computer calculated the SCL
to be 24; therefore, 24 kits remained on the shelf for eight
months with no consumption. Another example relates to the
demand for calamine lotion. With a stock control level of 113
bottles, the consumption history revealed that issues were made
for only five months out of the year. Therefore, 113 bottles
of lotion remained idle on the shelf for seven months (19).
The Medical Materiel Management System presently has

no effective method of automatically adjusting levels for
seasonal items. In this Air Force medical inventory system,
funds are invested in inventories for all seasons at all times
of the year. The same balance of stocks is carried in the inven-
tory when known seasonal trends exist. There is little logic
for maintaining a fixed safety stock on items in the inventory
when seasonal trends exist. There is a

. « . tremendous opportunity for reducing investments and

improving service in field stocks by basing safety stocks

on a measurement of the errors actually experienced, in

contrast to the naive methods of setting safety stocks as

so many weeks of supply [5:44-45].
All stock levels are based on the probability that demands will
not exceed availability based on historical records. For example,
if a stock level of five items exists for a certain item in
season and demands for six items occur, it is logical to conclude
that this is a condition similar to having a level of zero in an

off-season and experiencing a demand of one. In either case,

arrangements must be made to procure the necessary item. Since

all stock levels are based on a projection of the past, it is

16




reasonable to follow trends from previous years and adjust the
levels accordingly, even if that requires maintaining a level
of zero. The flexibility exists in the MMMS to maintain levels
of zero by giving the materiel manager the authority to over-
ride the computer at his discretion (21:p.8-4). Therefore, it
seems abproprilte that some method be incorporated into the
computer program to allow automatic adjustments to be made for

seasonal items.

17
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Chapter III

RESEARCH METHODS

Introduction

The data generated by the current MMMS inventory model
are vital to this research effort. Therefore, the purpose of
this chapter will be to identify the origin of the data, the
specific data selected for analysis, and the data validity.
This chapter will also be devoted to defining the criteria used
in screening the data for seasonality and explaining some spe-
cific forecasting techniques that were applied to those
seasonal items identified. The assumptions and limitations

necessary for this study are included at the end of the chapter.

Population and Sample Description

The population of interest for this research consists
of the various medical supply accounts Air Force-wide. Each of
these accounts maintains computer products necessary for inven-
tory control. The control system is updated daily using the
base level Burroughs B-3500 computer. Each inventory account
item has pertinent data stored in a master record on a computer
tape. The information on the master record is maintained
between processing cycles and can be accessed as needed by
requesting a Stock Status Report. The report is a computer

printout that arranges the data on the master record in a
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logical form for management analysis. The key data on this
report include the stock number, item identification, procure-
ment source, historical issues for the past twelve months
(demand data), reorder percentage and quantity, expendability
code, requirement code, and the most current order lead times.
The material manager for each account must review this data
and insure it is properly updated and maintained.

The master record contains one year of past consumption
history for each inventory item. This data is updated monthly
by replacing the oldest month of data with the new. Because
of this continuous updating process, vital historical data are
removed from the computer from cycle to cycle. However, the
historical events are preserved on monthly computer printouts,
and these are maintained for one year by each account manager
before being destroyed. The lack of year-to-year historical
data in the medical inventory system has made it difficult to
identify long-range trends in stock usage. The lack of this
yearly historical data is also the primary reason why there have
not been any known studies on seasonality in the MMMS structure.
Captain Richard W. Ferguson indicates in his research that
seasonal trends appeared to be present, but he could not con-
firm his hypothesis with only one year of data (8:18).

Based partially on Captain Ferguson's research recom-
mendations and because of the growing interest in the high cost
of managing the MMMS, the Air Force Data System Design Center
(AFDSDC) requested computer tapes of the inventory master
records from four Air Force Base Hospitals over two separate
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years. The bases selected were Scott, Offutt, Blytheville and

i
Whiteman. The time periods covered on the tapes were calendar
years 1975 and 1977. Mr. Larry Prior, AFDSDC, released the

E data tapes from Offutt and Whiteman for this research effort.

3 Upon receipt of these tapes, the question arose about the one
year gap in the data. Mr. Prior's response to this question
was, "These are the only known data files that are from differ-
ent time periods (15]." The same year gap was also present in
the data tapes from Scott and Blytheville. Therefore, the
information provided on the data tapes for Offutt and Whiteman
will be the sample data used for this research. The extent to ’
which the findings of this research can be generalized to the
entire population may be limited because of the gap in the data
and the fact that these bases do not represent a random sample.
Although, the research findings may be representative of what L
could be expected at any of the stock fund accounts, since

these accounts are constrained and operated in a similar fashion.

The data furnished by AFDSDC was examined for all
requirement codes in the drug and biological class (6505) only.
The reason for selecting this particular class is that it is
: thellargest, single class of inventory items and, partially,
because of the need to narrow and limit the scope of this
research. Also, it logically follows that if seasonality is

present in this specific class, it is highly probable that it

will be present in all others.

Validity
The data recorded on the tapes being used in this
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research come from daily transactions and events. AFM 167-240
outlines the computer system utilized to accumulate this data.
The mathematical model formulating the basis of the system has
been tested previously for statistical accuracy and validity

(8:34). Since the MMMS is the only source of such data, it is

the most valid source available.

Analysis of Data

The initial approach that was taken to analyze the data
tapes was to develop a FORTRAN program which could extract 6505
class data (see Appendices B § C). This program was designed
to read through the data for 1975 and 1977, selecting only
those items from the 6505 class for further analysis. Within
the program it was also necessary to limit the data search to
those stock numbers with at least twelve months of consumption
history. The reason for this limitation is that in order to
make viable comparisons between the years, complete consumption
data must be available. This information is provided for each
stock number as the History Begin Date (HBD). Only items with
histories beginning December 1974 or earlier were considered.

The next critical step in analyzing the data involved
establishing some criteria that could be used to select those
items that exhibited seasonal variation. After close examina-
tion of several computer printouts of‘demand history, it was
apparent that many of the stock numbers in the 6505 class
exhibited demand fluctuations that very likely could be termed

seasonal. Based on statistical estimation techniques, the

maximum expected random variation in demand will generally not
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exceed three standard deviations, since three standard devia-
tions include 99.72 percent of all fluctuations during any time
period (4:104). Research indicates that the standard deviation
is the proper measure of demand error (5:45). Utilizing this
concept, it was discovered heuristically that whenever the
magnitude of demand for any one month was greater than two stand-
ard deviations from the mean, that particular stock number
exhibited a discernable pattern of demand that could possibly be
seasonal. Further evidence, supported statistically, indicates
that almost two-thirds of all random fluctuations should fall
within a range of one standard deviation from the mean and,
therefore, the odds are heavily against purely random variations
that consistently fall outside the range of one standard devia-
tion (1:314). 1If the average demand does vary from the mean
more than one standard deviation for several months running,
the odds are that this is not a random fldctuntion, but probably
the result of some nonrandom factor, possibly seasonal in nature
(1:315). With this understanding and considering the result of
the heuristic evaluation, one standard deviation was established
as the basic criteria for seasonal screening. Any stock number
with average demand for several consecutive months exceeding one
standard deviation from the mean demand was considered a seasonal
item (26).

Several consecutive months could range from two months
upward. However, for the purpose of this study, three months

was determined to be the best discriminator of seasonality.

By scanning several stock numbers that appeared to have seasonal
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variation, the apparent trend occurred most often for three
months in duration. This is supported logically, since many
diseases occur with greater frequencies during the different
natural seasons of the year, which are typically three months
in duration. With this final criterion established, the origi-
nal FORTRAN program was revised to identify any stock numbers
whose average demand for three consecutive months exceeded one
standard deviation. This selection criterion was formulated
with the realization that there may be seasons of different
lengths that may not have an average fluctuation exceeding one
standard deviation; however, statistically and logically, this
criterion should capture the bulk of those items which are

seasonal.

Analysis of Forecasting

As stated in Chapter II, the MMMS uses the Simple Moving
Average technique to forecast demand. The following formula is
basic to all moving average models (16:87):
n
L Demand

i vy
Pn*l n

i

where

Fnol = the forecast for the next period

Demandi = actual demand for period

n = the number of periods of demand being considered

The simple moving average forecast (Fn,l) is calculated by

dividing the sum demands in the last n periods by n. This is
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the simplest form of an estimate for the mean value of a

" stationary demand process (10:15). The overall effect of

using the simple moving average is that demand fluctuations

over the n periods are averaged out and the effects are not

as noticeable. This means that any seasonal variations that

may exist are largely smoothed out using the simple moving aver-

age technique. '"A simple moving average is not sufficiently

accurate to reflect what we truly can know about demand [4:85]."

The failings of the moving average method can be overcome by

using another forecast technique known as exponential smoothing.
"The exponential smoothing method of forecasting is a

form of weighted averages and moving averages combined [8:26]."

The disadvantages of the moving average method can be minimized

by using exponential smoothing. Under the moving average method,

equal weights are assigned to all data inputs in the forecast-

ing of future demand. However, the exponential smoothing method

uses varied weights and the data can be weighted depending on

its importance. The following formula depicts the exponential

smoothing process (16:91):

U3 * 1.+ -0,

A smoothing constant (a) between 0 and 1 is used to add or sub-
tract a fraction of the difference between the actual current
demand (Yt) and the last forecast demand (Ut)‘ The sensitivity
of the exponential smoothing forecast can be altered at any
time by changing the value of a. An increased value of a gives
more weight to recent data and, therefore, makes the forecast
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more sensitive. Conversely, a smaller value of a gives less

weight to recent data. For the moving average method, the
sensitivity can only be altered by changing n; however, the
forecast cannot be as significantly affected in the next period
as it can be with the exponential smoothing method. Another
important feature of exponential smoothing is that it only
requires one piece of information to be retained from period

to period. Also, past data are eliminated gradually rather than

suddenly, as with the moving average (10:16).

The exponential smoothing technique, as previously
described, is superior to the moving average technique in many
ways. However, this primary form of exponential smoothing is
not as efficient as desired when forecasting seasonal variations
or thking into account linear trends in the data (16:94). To
develop an equation that takes into account seasonal trends in
the data and uses the weighted average concept, it is possible
to refine the first order exponential smoothing forecast by
resmoothing the initial forecast in a similar equation. By
doubly exponentially weighting this forecast, it is possible
to predict future demands, trends within demand patterns, and

seasonal variations, while, at the same time, eliminating the

influences of random variations (8:27). The double exponen-

tial smoothing model is represented as follows (16:94):

2 1 2
Ut¢1 = q Ut¢1 + (1 - a) Ut
where
U:,l = the First Order Exponential Forecast
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t+l

Ut = the Previous Double Exponential Forecast

U = the Double Exponential Forecast

The accuracy of double exponential smoothing can also be varied
by changing the smoothing constant (a) to add more or less
weight to recent data, thereby achieving the best possible
forecast.

It is apparent when using exponentially weighted aver-
ages for‘forecasting that if the value of a can be varied in
sympathy with the demand situation, better forecasts are likely
to result (25:34). For example, if the demand data are fluctu-
ating rapidly, a large value of a is necessary to achieve the
best forecast. When the demand is more stable, a low value of
a is more appropriate. Considering these notions, Trigg and
Leach have suggested a method of varying the value of a auto-
matically so that it tracks demand fluctuations (17:52). This
automatic mechanism is formally called Trigg's tracking signal.

Its computation is as follows (17:51):

Et/Mt
where
Tt = Trigg's tracking signal
:t = the Exponentially Weighted Average
M, = Mean Absolute Deviation
and

M, =a Ietl *(1-a) M,

;t.a'ﬁt’(l'a) at.l
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M,., = Previous Mean Absolute Deviation

€1 " Previous Exponentially Weighted Average

where
Y, = Actual Demand

Yt = Estimated Demand

Since Trigg's tracking signal automatically adjusts to varying
demand, it can be used to replace a in the original exponential
smoothing equation. By making this substitution, the model
becomes adaptive in nature and has been named the Adaptive
Response Rate Forecast (10:21). This method cf forecasting is

given by the formula below (10:22):

Ut « T 0¥, + @ - IT,D U,
vhere
Tt = Trigg's Tracking Signal
Y, = Actual Demand for Current Period
ﬁt = Adaptive Response Rate Forecast
U

o Previous Adaptive Response Rate Forecast

This forecasting method is feasible since Trigg's
tracking signal can only vary between 0 and 1, the same re-
striction placed on the smocthing constant a. When the data
are fluctuating rapidly, a relatively high value of the track-
ing signal will be evaluated and, thus, the adaptive response

rate forecast should be very sensitive, and when the demand
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data are stable, the resulting value of the tracking signal
should be small, resulting in a very stable forecast (10:22).
In consideration of the attributes of these three

forecasting models, one function of this research was to evalu-

ate each technique in the context of the available forecast
data. Each technique was incorporated into the original FORTRAN
program and relative comparisons have been made between the
ability of each technique to forecast the demand for 1977 using
1975 data. These forecasts have been evaluated specifically
for those items that have met the seasonal criteria established
in the previous section. The Mean Square Error (MSE) was used
to discriminate between the efficiency of each forecasting
technique. According to Sullivan and Claycombe, the model that
minimizes the MSE is often regarded as the best model for future
forecasting (16:25). The MSE is calculated as follows (16:26):
n

I (e - a)l

MSg = 1-1

n
where

e = Estimated Demand

a = Actual Demand

n = Number of months being evaluated

Using these three forecast techniques and choosing the best MSE

forecast, comparisons were made for both Offutt and Whiteman.

General trends in seasonal variation were evaluated for both
bases and the efficiency of each model was tested. A secondary
analysis was also made to evaluate how well each forecasting
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technique performed on the demand data that did not meet the

seasonal criteria to assure that no degradation occurred on

nonseasonal forecasts.

Assumptions and Limitations

The following assumptions were made in evaluating the

data for this research.

1.

Future monthly demand patterns will be similar

from year to year.

The distribution used in calculating the MSE of
demands was assumed to be normal based on the
central limit theorem.

The tapes furnished by AFDSDC were accurate and
valid as collected.

Delays due to inordinate lead times will be similar
from year to year and will, therefore, balance each

other.

The following limitations are provided to indicate poten-

tial problem areas:

1.

Sporadic ordering by supply custodians in the
hospital may have caused some distortion in the data.
Quarterly fund limitations could have distorted the
data. These limitations exist annually and effects
from year to year should be similar.

Physician turnover in the hospital may have forced

a change in demand rates for varied medical items
since some drug usage is a matter of physician
preference.
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4. Data are from 1975 and 1977, respectively, and it

is unknown what happened in 1976.

Summary
In this chapter the source of the data has been identi-

fied, delimited and assumed valid. Specific data analysis
criteria were established for screening seasonality and several
forecasting techniques were presented, which were tested for
their ability to forecast seasonal trends as well as normal
demands. It should be emphasized again that the data sample,
consisting of information from two specific Air Force bases

over two separate ycars, is the only data of its kind available.
The analysis of this unique data has allowed a meaningful study
of scasonality in the MMMS and the realization of the objectives
of this research. Various assumptions and limitations have also
been presented to insure the proper perspective is taken toward

this research.
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Chapter IV

ANALYSIS

Introduction

The first section of this chapter comments on seasonal
screening and the criteria used to identify seasonality. In
the following section, the extent of seasonality is addressed
using both figurative and graphic illustrations. The final
section analyzes the performance of those forecasting models
presented in Chapter I1II, and reports on the ability of each

model to forecast seasonal demand as well as nonseasonal demand.

Criteria for Seasonality

Ammer states, ""The simplest way to estimate seasonal
fluctuation is to assume that the pattern that prevailed in
the past will prevail in the future [1:311]."” Almost every
product or service is subject to some seasonal variation, and
in most cases it is fairly easy to identify. Brown suggests
that the past demand data be plotted and examined closely for
seasonal trends (4:106). However, this is not always economi-
cal, especially when thousands of items are involved. One of
the best ways to evaluate seasonal variation without plotting
is to average the monthly data over one period and check for
those months that deviate drastically from that average (1:312).

The unanswered question that follows is: How much deviation is
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drastic? The answer is not a precise one, although, as pointed
out in Chapter III, it can be statistically and logically deter-
mined. The established seasonality criteria for data analysis
states that, if the average demand for any three consecutive
months has a fluctuation of more than one standard deviation
from the mean demand, the item is classified as seasonal. This
means that for three consecutive months, the demand is drastic
enough and consistent enough to make it difficult to justify

as a purely random fluctuation. This criteria provided a
starting point for further seasonal analysis, however, it is
not the optimum for discovering seasonality. The fact that
certain inventory items meet this seasonal criteria is not a
guarantee that they are, in reality, seasonal and will follow

a similar month-to-month demand pattern year after year. This
criteria can be tightened or loosened to achieve a spectrum of
seasonal variation, and since this research team could not
identify any particular knowledgeable source that could firmly
establish the bounds of seasonal variation, this research
method is just one of many possible approaches. Medical demand
patterns can display seasonality for varying lengths, and it is
impossible for one set of criteria to encompass all possible
seasonal variations.

The seasonal criteria as described above were translated
into the original computer program for initial data analysis
(see Appendices A, B § C). This program was designed to scan
the data tapes £o§~both 1975 and 1977 and select those items in
the 6505 class for a specified base (Offutt or Whiteman) that

32




met the criteria. The process was repeated until four tempor-
ary memory files were created with seasonal items corresponding
to base and year combinations. These new memory files were
scanned once again, selecting a random stock number from each
file to visually verify seasonal fluctuations. The items
selected by the computer have been graphed to illustrate the
relative efficiency of the established seasonal criteria to
identify seasonal variation (see Figures 3 - 6). By examin-
ing these randomly selected demand patterns, it is apparent
that the established seasonal criteria is performing as it

was theoretically hypothesized and actually desired.
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Figure 3. Example of Seasonal Criteria
Offutt, 1975 - NSN 6505001182318
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Figure 4. Example of Seasonal Criteria
Offutt,1977 - NSN 6505001048061

of Seasonality

The evidence that seasonality exists in the MMMS is

pictorially represented in Figures 3 through 6. The four

temporary memory files created in the initial computer scan

correspond to Offutt 1975, Offutt 1977, Whiteman 1975, and

Whiteman 1977. The data that were stored in these files

represent the extent of seasonality in terms of one class, one

base, and one year. Table III illustrates the composite extent

of seasonality.
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TABLE III
Extent of Seasonality
Total #
Total # Meeting
of Records Seasonal
Base/Year Reviewed Criteria $ Seasonal

Offutt - 1975 629 184 29
Offutt - 1977 475 165 34
Whiteman - 197§ 463 122 26
Whiteman - 1977 319 116 35

The seasonal percentages identified in Table III show
that the extent of seasonality is very similar for both bases
and both years (25-35% range), even though the original number
of 6505 inventory records wef; significantly different. There-
fore, the next step taken was to analyze seasonality between
the years (1975 and 1977), comparing stock number for stock
number to identify which items matched in both years. This is
an acceptable procedure since the seasonal trend for one year
is very likely going to appear in continuing years (16:55).
The total matches are provided in Table IV. The percent
column in Table IV reflects that percentage of the original
number found seasonal in 1975 that remained seasonal through
1977. That is, 1975 was used as the base year. The overall
matchups at first seem to be lower than would be expected;
however, these percentages are for only one of several inven-
tory classes and there is a year of missing data that could

possibly explain the magnitude of similarity.
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TABLE 1V

Comparison of Year to Year Seasonality

Offutt
Year to Year
Total Total ¢ Percent
Records Total # Seasonal Seasonal
Year Scanned Seasonal Matches (1975 Base Year)
1975 629 184
58 9%
1977 475 165
Whiteman
Year to Year
Total Total ¢ Percent
Records Total # Seasonal Seasonal
Year Scanned | Seasonal Matches | (1975 Base Year)
1975 463 122
35 8%
1977 319 116

The matchups made for each base between 1975 and 1977
were next transferred to another computer subprogram, where
they were used to construct graphic illustrations of the demand
pattern similarity from year to year. Figure 7 depicts the
typical product from this computer analysis.

Sample graphic illustrations as observed in Figure 7

are available for each stock number that was identified as

seasonal in 1975 and remained seasonal in 1977 (see Appendix D).

These graphs are particularly pertinent since they indicate the
percentage of demand in each month compared with the total

demands for the year. This allows both years' demands to be

gisplayed on the same scale for easy comparison of trends. By
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close observation of these graphs, it can be seen that some
items follow a very obvious trend in both years that can be
equated as typical seasonal variation. Other graphs have a
vertical gap between the yearly patterns, yet the peaks and
valleys coincide exactly. Then, there are those that have a
horizontal as well as a vertical variance between years.
Closer examination of these graphs often shows that the peaks
and valleys are off by just one time period, which is a common
occurrence in reality, since seasons are not always exactly
the same year after year. This is a reflection of the fact
that flu seasons, for example, or similar disease seasons, vary
somewhat from year to year, depending on numerous variables

among which natural seasonal changes are the most important.

The one-for-one correlations between years of seasonally
selected items is not as substantial as expected (8-9%), however,
there are some explanations for such a variance. The obvious
explanation was hinted at earlier and relates directly to the
one year gap in the data base. It is impossible to ascertain
the exact effect of this data void, although it is highly prob-
able that the effect is not favorable. The missing data for
1976 makes it difficult to evaluate trends through the 1975
to 1977 time frame. The underlying reasons for the variations
observed in Appendix D could be better explained if the 1976
data were available for comparison.

During the 1975 to 1977 time frame, new items were being

added to the inventory and old ones were eliminated on a con-

tinuous basis. This changing nature is centered around two
39
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basic occurrences. The first relates to new medical technology
which is constantly improving medical supplies, resulting in
the replacement of older stock with more advanced items. The
second occurrence deals with the high changeover ri;e of Air
Force medical doctors, which creates instability in‘drug usage.
é As new doctors come into the clinics, they bring their biases,
| not only in terms of drug prescription, but the use of other
medical supplies. This change in usage causes the demand for

certain drugs to drop off enough to make it uneconomical to

g oyl

continue an item in the inventory system. Closely associated
with the doctor turnover rate is the changing of specialists,
who require new and different equipment, drugs, and supplies.

The ultimate result of these occurrences is a changeover of

demand from one type of stock to another. This characteristic
change is not as violent for a one-year period, but'there can
! be significant differences over a two-year time frame. The
: researchers feel this can explain a large portion of the vari-
ance in the extent of seasonality between 1975 and 1977. The
gap in this data represents a quantum leap in demand patterns,
and this would not be expected in a continuous sequence of 1
events.

Another underlying cause for the lack of continued

seasonality, which is increased due to the data gap, relates

to the procedures used in ordering stock and the level in the
' 6rganization where ordering is accomplished. The demand data
used for this study was intermediate in nature. The data do

not reflect actual customer demands for a certain period, but |
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rather, they represent clinic demands on the central warehouse.
The ordering policies are uniformly outlined in the operations
manual, however, it is hard to discount human intervention within
the system. For example, some clinic stock clerks feel it is
appropriate to order one month's worth of supplies at a given
order point, then at the very next order point, will often
double or triple the order to prevent having to order so often.
If this convenience method of ordering goes unchecked, it will
have a substantial effect on the MMMS demand patterns, reflec-
ting spurious inputs that could be mistaken for seasonal varia-
tion. Yearly and quarterly fiscal constraints can also cause
demand changes from period to period, even though there is not
actually that level of customer demand to support such a change.
This spurious demand is depicted graphically in the data as a
dropping-off of demand in December, followed by a rapid spike
in January when more money is available. Similar results can
be observed at other quarterly intervals (see Appendix D).
Generally, it is expected that these variations will average
out and represent a relative picture of the demand, however,
this cannot be substantiated by the data analy:zed.

In summary, the extent of seasonality has been deter-
mined by analysis of available data, although the results
appear to be impaired significantly by the gap in the data.
Based on the analysis findings, it can be inferred that about
9% of the stock numbers in the 6505 class display some sort of
seasonal variation on a consistent basis. Had the data been
continuous, the researchers speculate that this percentage would
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be noticeably greater. Considering that the resulting extent
of seasonality is for the 6505 class only, this implies that
there is a potential for higher levels and that significant
savings in inventory stock can be made if these seasonal varia-
tions can be accounted for. The next section will address

forecasting based on this perception.

Evaluation of Forecasting

Under the current MMMS operating structure, the Medical
Supply Officer and his staff must manually manage inventory
items that exhibit unusual seasonal trends and fluctuation (21:
p-8-3). However, the evidence of seasonality within the MMMS
suggests that this must be an extensive and time consuming
task to efficiently perform. Suitable adjustments can be made
through the forecasting mechanism to automatically account for
seasonality (17:59). Currently, the only forecasting mechanism
in the MMMS model is the simple moving average technique, using
an average of the previous twelve months' demand as its fore-
cast. This is not the most efficient forecast mechanism. The
simple moving average can be adjusted by varying the number of
periods that are averaged. Although it cannot account for
random fluctuation and actual seasonal trends and variations
at the same time., The forecasting technique that is more suit-
able is the exponential smoothing method. The first order

exponential smoothing model outperforms the moving average.

And, when this initial smoothed forecast is resmoothed or doubly

exponentially smoothed, the new forecast has a greater ability
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to forecast trends and seasonal variations. Both forms of

exponential smoothing can be adjusted for sensitivity by
changing the smoothing constant. Yet, there is another fore-

casting technique, referred to as the Adaptive Response Rate,

that has all the attributes of exponential smoothing, plus
the ability to automatically adjust to demand fluctuations. |
All three of these forecasting techniques have been discussed
and fully explained in Chapter III. The forecasting ability

of each (Moving Average, Double Exponential Smoothing, and
Adaptive Response Rate) has been tested and the following para-
graphs outline the results.

Those stock numbers that were screened as seasonal in
both 1975 and 1977 are the basis for the forecasting evaluations
conducted. The primary focus of this analysis was to demon-
strate the ability of each of the above techniques to take the
actual demand data from 1975 and forecast 1977 demand. The
formulas for these three forecasting techniques were studied in .

detail. The moving average model tested was the same twelve-

period model now used for the MMMS. The double exponential
smoothing model was used because of its ability to handle
seasonality. A range of smoothing constants from .05 to .95

was evaluated for this model in increments of .05. The adap-

tive response rate technique was used in a similar manner,

where a variation was added to the tracking signal. It was

Py

also given a range of smoothing constants from .05 to .95.

The main computer program with these forecasting subprograms

was linked with the matched seasonal data from both bases.
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TABLE V

Best Seasonal Forecaster

Simple Double Adaptive
Moving Exponential Response

Average Smoothing Rate

Base

s Y # i ¢ 1
Of futt 6 10% 27 474 25 434
Whiteman 5 14% 11 32% 19 54%
Both 11 12% 38 414 34 47%

Note: For replication of the results from the Double
Exponential Smoothing and Adaptive Response Rate
forecasts, it is necessary to point out that a
priming forecast value was- required in the initial
stage of implementation. This estimated value was

obtained by averaging the first three months of
demand in 1975 (16:93).

The actual forecast values for each stock number evaluated are
available for review in Appendices D and E. The triple aster-
isk (***) was used to identify the best performing model based
on the minimum MSE. Table V depicts the cumulative results of
all forecast models to predict seasonality.

By examination of Table V, it is apparent that the
Adaptive Response Rate model was best 47% of the time for both
bases. This model outperformed both of the competing models
with the Double Exponential Smoothing model being a very close
second. However, a more significant point in this evaluation

is that when comparing Double Exponential Smoothing to Moving

Average alone or Adaptive Response Rate to Moving Average alone,

they both are better by a vast margin (84% and 64% respectively).

44




TABLE VI

Seasonal Moving Average Comparisons

Base Simple Double
Moving Average |Exponential Smoothing|
2 4 ' '
Of futt 8 14% S0 8614
Whiteman 7 20% 28 80%
Both 15 16% 78 844
Simple Adaptive
Base Moving Average Response Rate
o $ ' $
Offutt 22 38% 36 62%
Whiteman 12 34% 23 66%
Both 34 36% 59 64%

See Table VI for these comparisons.
this research as Table VI is, is the fact that when the Moving
Average was the better model, there was a Double Exponential
Smoothing model as good or very close to being as efficient.

Table VII depicts this comparison, showing a relatively small

difference in the MSE for each case.

When using the Double Exponential Smoothing model to
forecast seasonal variation, a relatively larger smoothing con-
stant is generally necessary to produce the best forecast.
Brown has indicated that the value of @ used in forming an
exponentially weighted forecast should not usually exceed .3

and if it appears that a higher value of a is required, the

45

T

. e o o e e

Almost as significant to




TABLE VII

Double Exponential and Moving Average

Comparison
Moving Double s
Average Exponential

Pffute NSNs MSE MSE Difference Difference
6505002261203 80.00 80.75 .75 .9%

505002998279 389.67 420.17 30.50 81
6505008901633 63.75 67.42 3.67 7%

505008902172 77.08 77.58 .50 .6%
6505009269202 46.75 50.78 3.83 8%
6505008718307 2.08 2.08 -0- -0-
Whiteman NSNs
k505008901573 8.50 8.92 .42 Ss
[6505008901657 1062.75 1229.33 166.58 15%
{6505009984381 100.00 101.67 1.67 2%
6505007643366 .50 .50 -0- -0-
65059040119 .58 .58 -0- -0-

.Moving Average MSE was used as the base

assumption of seasonality is likely to be more valid (4:101).
Figure 8 illustrates the number of times a given smoothing con-
stant was required to produce the best double exponential model.
The higher occurrence (54%) of the larger alphas (a>.3) suggests
that demand predominately had periods of fluctuations that were

most likely seasonal. Figure 8 also depicts that a large per-

centage of smaller alphas were used in forecasting seasonal
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.95
.90
.85
.80
.75
.70
.65
.60
-1
.50
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Figure 8. Seasonal Frequency of Smoothing

-

Constant Occurrence (Double
Exponential Smoothing)
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demand. A closer examination of these seasonal matchups indi-
cates a noteworthy occurrence of demand patterns that had a
maximum demand level not exceeding four or five units. These
items were flagged as seasonal and most likely are, however,
their demand patterns and levels are such that it is just as
efficient to use a smaller alpha as a larger one. The demand
variation may exceed one standard deviation, but this was
typically by a fraction of a unit, Several of these smaller
alpha models were tested using higher alphas. The resulting
MSE's were not significantly changed (5-10%) and the model
still outperformed the moving average.

The Adaptive Response Rate model used the same range
of alpha values as observed in Figure 8. However, these alpha
values will not reflect the same pattern of use as the Double
Exponential Smoothing alphas did. They are different because
the varied alpha range was used to formulate the tracking
signal and was not directly used in the Adaptive Response Rate
forecast. Therefore, these alpha values will not be plotted,
since they may not be meaningful. However, the best adaptive
alphas are presented for each forecast in Appendix D.

The Adaptive Response Rate model did not perform as
well as anticipated. It was the best predictor of seasonality,
yet the Double Exponential Smoothing model was almost as good.
Based upon the literature reviewed, the researchers felt the
Adaptive Response Rate model would be the best of the three

techniques used, however, the Double Exponential Smoothing

model proved to be superior overall. Why the adaptive model
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did not perform well is difficult to explain. When the adap-

tive model was compared directly with the moving average, it
was better 64% of the time, but Double Exponential Smoothing
was better 84% of the time. Further comparisons, similar to
those presented in Table VII, indicate that the Adaptive
Response Rate model is substantially worse than the Moving
Average model when the Moving Average is better.

It appears from reviewing Appendix D that the adaptive
method worked best when very sudden and extensive changes
occurred in the demand. This model reacted quicker than the
other competing models to these sudden changes, however, by
doing so it may have responded to random fluctuations in
demand, resulting in less accurate forecasts. Also, when the
demand fluctuation dropped, the Adaptive Response Rate was slow
to return. The most probable cause for this inefficient per-
formance is that the data are limited in their extent and, for
the most part, the items evaluated are not carried in sufficiently
large quantities for the adaptive method to adjust correctly.
Research of the Adaptive Response Rate literature also supports
this contention. Data were evaluated for periods of five to
ten years and heavy demand levels were observed (17:58).
Although this model has its limitations, it remains a more
efficient model than the moving average.

The results of the forecasting analysis clearly shows
that for seasonal demand patterns the moving average is inade-
quate. Double Exponential Smoothing and Adaptive Response
Rate models are the most promising techniques. Figure 9 shows

49

e e ey <




80 1
70 - 1977 Actual -=tppptpem

i

60 -
50
40 -

30 -1
20 “
10 -

Months

Figure 9. Seasonal Forecasting
Offutt, 1977 - NSN 6505002998598

a typical seasonal item, drawn from Appendix D, and illustrates 3
how each model predicts the demand. ]
Figure 9 clearly demonstrates that seasonal variations
can be accounted for by using the proper forecasting technique.
However, to foster a change in the MMMS structure, it is impor- 3
tant that the selected forecasting model not only have an
ability to accurately forecast seasonality, but at the same
time be able to forecast nonseasonal items with sufficient
accuracy. In order to evaluate this requirement, the FORTRAN
computer program was modified to select only those 6505 class

items that did not meet the established seasonal criteria.

Once these stock numbers were identified for each base for the

two years, a one-for-one stock number comparison was made.

After the matches were made and placed in memory, a random
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generator picked a number from one through ten, and every fifth

thereafter was identified. These randomly selected nonseasonal
items were next read into each of the forecasting subprograms
to determine once again which model was best. The MSE was
again used as the discriminator. The results of this analysis
are highlighted in Table VIII. A total of 56 items were
selected from both bases. Appendices F and G contain a print-

out for each nonseasonal item evaluated.

TABLE VIII

Best Nonseasonal Forecaster 1

Simple Double Adaptive
Moving Exponential Response
Base Average Smoothing Rate
[ ) . s ’ $

Offutt 2 6% 24 73% 7 21%
Whiteman 4 17% 15 66% 4 17%
Both 6 11% 39 TOsR* 11 19%
..Best model

The Double Exponential Smoothing model was again superior to

both competing models. The Adaptive Response Rate was the

second best. Figure 10 illustrates the typical demand pattern
of a nonseasonal item and how each of the forecasting methods
responded. Continuing analysis of these random nonseasonal
items illustrates the fact that Double Exponential Smoothing

is best 89% of the time when compared directly with the

Moving Average. Moving Average was second best (see Table IX).
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Figure 10. Nonseasonal Forecasting
Offutt, 1977 - NSN 6505007218899

4 TABLE IX
: Nonseasonal Moving Average Comparisons
é L Simple Double
Moving Average | Exponential Smoothing
¢ $ ' s
Offutt 2 64 31 94%
Whiteman 4 17% 19 83%
Both 6 11% 50 89%
Simple Adaptive
Base Moving Average Response Rate
‘ ] % ' L]
Offutt 20 60% 13 40%
¥hiteman 15 65% 8 35%
Both 35 63% 21 37%
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Once again, when the moving average was best, there was
a double exponential model that came very close to the same

predictive ability. Table X shows these relative differences.

TABLE X £l
Double Exponential and Moving Average ‘

Nonseasonal Comparisons

AR v

Simple Double : L 3
Offutt NSNs As::::g E;ggg:gg;:l Difference |Difference

MSE MSE
6505000797453 9.17 9.67 .50 6%
6505000765589 2.25 2.25 -0- -0-

Whiteman NSNs
] 6505001405150 3.08 3.08 -0- -0-
? 6505001601500 1.33 1.33 -0- -0-
% 6505002998617 .33 33 -0- -0-
6505005843470 49,58 54,25 4.67 9%
* Simple Moving Average MSE was used as the base

The best alpha smoothing constants for the double expo-
nential smoothing model are referenced in Figure 11. Analysis

of these constants indicates that the smaller alphas were used

E ‘ 66% of the time. This result is what was expected since the

, demand patterns for nonseasonal items should be fairly constant
over the year. In addition, the reverse criteria used for

f E seasonal selection was used to randomly select these nonseasonal
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items. It is apparent that the criteria works in reverse as

well as directly.

Offutt Whiteman
95 1 * .95 -
: .90 - .90 <
5 .85 - .85 -
N LR B .80 -
oI5 .75 <
.70 4 * .70 4
65 { % @ 45
; 60 - 60 4
«S5 4 .55 -
50 4 # 50 4 * % a2
Alpha .45 4 * # = » 45 4 » »
.40 4 * .40 -
T Dol .35 4 »
30 4 ® .30 - ¢
25 4 8.2 .25 4
0.1 8 .20 4
«15 4 .15 ﬁ I I
<10 4 .10 4 *n
05 A "2 a2 a2 nna e 2 05 <[ * %2 a2
1234567891011 1234567
Frequency

Figure 11. Nonseasonal Frequency of
Smoothing Constant Occurrence
(Double Exponential Smoothing)
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Although the Adaptive Response Rate was the second
best predictor for nonseasonal demand, it was actually the
weaker model when compared directly with the moving average.
Moving Average forecasts were better 63% of the time for both
bases combined. This result is not surprising, since the
Adaptive Response Rate is not designed to predict nonseasonal
demand as efficiently as other models. If a spurious fluctua-
tion is detected by the adaptive model, it rapidly adjusts to
that demand level and this ultimately results in a higher MSE,
which is undesirable. Considering these factors, the tabular
comparisons of the Adaptive Response Rate with the Moving
Average will not be presented.

One of the key assumptions that was made in analyzing
these forecasting results is that demand patterns that were
initially observed would continue into the future. This
assumption would be easier to support if more than two years
of consecutive data were available. The one year gap in the
data used may have detracted somewhat from the forecasting
efficiency. Despite this gap, the forecasting techniques used
actually appeared to do an adequate job of forecasting 1977
using 1975 data. This lends credibility to the key assumption
made. The researchers feel that a better forecast would be
possible if 1975 data were used to predict 1976 demand and then
using the continuous data for the 1977 forecasts. Nonetheless,
the researchers are confident that the evaluations made on the

three forecasting techniques are indicative of their relative

ability to predict demand.
55 1




In this chapter the research data has been examined in

support of the research objectives. As was mentioned earlier,

the basic assumption for determining future seasonal trends
and variations is based on the concept that trends which
occurred in the past will occur again. Although the overall
analysis was limited by having only two years of data from
nonconsecutive years, seasonal trends were apparent from the
data.

It was interesting to find that the most advanced
forecasting technique, Adaptive Response Rate, did not prove
to be superior to the other methods. Although the logic
behind the Adaptive Response Rate leads one to believe it is
the best, the Double Exponential Smoothing method was the
better forecaster across the boad. The automatic screening of
smoothing constants is a feature that was made possible by the
computer and ultimately improved the ability of the Double
Exponential Smoothing model to forecast varying demand patterns.

The analysis in this chapter supports the fact that a
Simple Moving Average is not adequate to handle the demand
variation observed in the MMMS. Both of the competing fore-
cast methods accentuated this lack of efficiency. By incor-
porating advanced computer techniques with a more refined
forecasting method, the need to manually account for seasonal

trends and variations within the MMMS could be eliminated.




Chapter V

SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

Summary

The purpose of this research effort was to examine the
demands for medical supplies within the Medical Materiel Manage-
ment System to determine if seasonality exists, the degree to
which it exists, and to offer suggestions for a better method
of adjusting for it. This study was conducted at the sugges-
tion of the USAF Surgeon General's Staff and the Air Force
Data System Design Center, Medical Division. Previous studies
of the medical inventory management and control procedures
have not addresscd seasonality specifically. The study was
initiated with the idea that a more efficient management con-
trol system could be developed.

The initial step taken to resolve the seasonality issue
required an indepth investigation into the medical inventory
management and control system, inventory management concepts
and theory, and forecasting techniques in general. The MMMS,
as it currently operates, was described in context with long
accepted inventory practices, and the research methods that
would be used to analyze data for seasonality were explained.

The only data available for such a study was provided
by the Air Force Data System Design Center, and consisted of
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the master record tapes from Offutt and Whiteman AFBs for the
calendar years 1975 and 1977. The data were assumed to be
valid since they were actual demands recorded from daily base
transactions. A utility FORTRAN program was developed to read
the tapes, extract the necessary data, make comparisons, fore-
cast future demand, and plot desired seasonal information.
This computer program and its primary output products are
available in Appendices C through G. Appendices A through B
provide a list of variables and the computer logic used in the

programming process.

Analysis of these results indicates that a significant
amount of seasonality is present within the medical materiel
inventories evaluated. Further evaluation of forecasting
methodologies has demonstrated that Double Exponential Smoothing
forecasts are superior to the current Moving Average forecasts

84% of the time when forecasting seasonal items and 89% of the

time when forecasting nonseasonal items. These percentages
followed the same pattern for each base analyzed. The similarity
that exists between these nonrandom Air Force bases provide an
indication that it would be useful to investigate the application

of the results to the overall population.

Conclusions

The analysis of results obtained from this study indi- y
cate other areas that may be advantageous to MMMS and that
could very likely reduce operating costs.

1. A change of algorithm for forecasting demands from
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the Moving Average to Double Exponential Smoothing will provide

superior demand estimates and should ultimately reduce cost
since Double Exponential Smoothing provides better results most
of the time. When Double Exponential Smoothing does not pro-
vide better results, they arec no worse than Moving Average.

2. To provide for a thorough study of seasonality, at
least three years of demand data should be retained for future

research.

Recommendations for Future Study

During the pursuit of this research analysis, there
were areas identified that could benefit from future study:

1. A more comprehensive examination should be con-
ducted to identify savings associated with using Double Expo-
nential Smoothing in the MMMS.

2. Because of the inherent problem with using non-
consecutive data, replication of this seasonality study using
consecutive data may provide a more precise picture of the
total effects of seasonality.

3. A separate study should be undertaken to identify
the effects of doctor changeover and their preferences for new
or substitute medical supplies.

4. A closer examination should be made of the effects
of fiscal constraints on this process.

5. The effect that inconsistent ordering practices

have on the demand histories should be studied.
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MR R R RRRAA A R AR N M R R LR I N O I  NINY

LIST OF VARIABLES

ORI AR R R P 0 1 R0 0 R M A 0 0 0 0000 0 0 0000 0 0

M0

ALIN
aLFace

BATO

ALPHA REACING OF ALL 12 MONTHS DEMAND WISTORY
FOR BOTH TEARS DATA

NATO DESICRATOR WITHIN STZCK NURBER IN ALPHA FOSM
HISTIRY BECIN DATE IN ALPEY FORM

STOCX CONTROL LEVEL IN ALPHA FORR

FEDERAL STOCK CLASS IN ALPHA FORM

HOLDING VARIABLE TO RETAIN LOWEST VALLE OF MSE
FCR DOUELE EXPONENTIAL SROOTHING FORECAST

NATIONAL IDENTIFICATION INDEX NUMEER IN ALPHA FORM
OPTINAL ALPHA FOR ADAPTIVE RESPONSE FORSCAST
SMOOTHING COEFFICIENT USED IN EXPCNENTIAL SMOOTHING
AND ADAPTIVE RESPONSE FORECASTING FORMULAS

QPTIRAL ALPHA FOR DOUBLE EXPONENTIAL SNOOTHING

VARIAZLE USED TQ FIND MAI PERCENTACE CF 197%
DEMAND TO PRINT 0N CRAPH

HAD (MEAN ABSOLUTE DEVIATION) FOR ADAPTIVE RESPONSE
RATE FORECASTIKC FORRULA

USED TO FIND MAI PERCENTAGE CF 1977 DENAKD T0
PRINT ON CRAPH

NALINUR VALUE FOR 1975 AKD 1977 FOR CPaPW SCALE

REAR ANMUAL DENAND USED (N DETERRIKING STANDARD
JEVIATION FOR CRITER(A FORMULA

AVERACE DEMAND FOR FIRST THREE MONTHS OF 1975,
USED FOR PRINING IN DOUBLE EXPONENTIAL SMOCTHING
AXD ADAPTIVE RESPORSE FORECASTING FORMULAS

PLOTTING CHARACTER FOR SPACE) I+ 0y OR ¢

USED TO CALCULATE INDIVIDUAL MEANS FOR 2 MONTH
PERIODS FOR CRITERIA FORMULA

1977 VALUE FOR WATO: USED [N COMPARISON TO
1973 DATA
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BEST
BETA

Bl

™

v

”m
-

{DBASE
IFCH
IFCS

USED TO DETERMINE BEST FORECASTING METHOD

1-ALPHA 1N DOUBLE EXPCNINTIAL SROOTHING
AND ADAPTIVE RESPORSE FORECASTING FORMULAS

KOLDIXC VARIABLE TO MOLD LOUEST VALY OF MSE
FOR ADAPTIVE RESPONSE FCRECASTINCG

1975 VALUE FOR NATG USED IR COMPARISON TO 1977 DATA
USED TO FIND VARIANCE FOR CONPUTATION OF STD DEV
PERCINTAGE VALUES FCR CRAPH

DEMAND PER WONTH FOR {975, USED TO FIND PERCENTACE
OF ANNUAL DERAND FOR CRAPH

PERCENTACE VALUES FOR CRAPH
UOUBLE EIPONENTIALLY SNQOTHED FORECAST ESTIMATE

CEMAND PER MONTH FOR 1977, USED TO FIND PERCENTACE
OF AKNUAL DEMAKD FOR CRAPH

USED [N FINDING MSE [N MOVING AVERACE FORMULA
NEAN SCUARED ERROR FOR ADAPTIVE RESPONSE
NEAK SQUARED ERROR FOR DOUBLE EIPOXENTIAL
REAK SQUARED ERROR FOR MOVING AVERAGE
ACCUMULATES ERROR FOR DCUBLE EIPONENTIAL
ACCURJLATES MSE VALUES FOR ACAPTIVE RESPONSE
EIPONENTIALLY WEICHTED AVERAGE FOR ADAPTIVE
RESPONSE

SINGLE EIPONENTIALLY SMOOTHED FORECAST ESTIMATE
FOR DOUBLE EIPONENTIAL

00 LOOP INDEX

FORECAST FOR ADAPTIVE RESPONSE

FORECAST VALUES FOR 1977 ADAPTIVE RESPONSE
FORECAST SAVED FOR PRINTING

BASE DESICMATCR [N INTECER FORM
INDICATES DEVICE COCE 4

FILE CODE FOR TAPES




IFCe FILE CODE FOR TEMP FILES
IFC3 CODE FOR INTERMEDIATE FILE FOR STASONAL [TEMS
IFEROR  ARSOLUTE VALUE OF FORECAST ERROR IN ADAPTIVE

RESPONSE RATE FCRECAST FORMULA
FORECASTING

IFERRR  ACTUAL VALUE OF FORECAST ERROR IN ADAPTIVE
RESPONSE RATE FIRECAST FORMULA
FORECASTING

N INTECER FORN FOR FEDERAL STOCK CLASS

ISAVE RETAINED VALUE FOR THE BEST DOUBLE EXPONENTIAL
SHOCTHING RSE

1scL INTECER FORM FOR STOCX CONTROL LEVEL i
ISKLE  SCALE USED FOR GRAPY #-100 OR #-4# PERCENT |
INTEGER FOR THE DOUBLE EIPONENTIAL SMOOTHING FORECAST
D0 LO0P INDEI

BASE 1D FRON 75 FILE

FEDERAL STOCK CLASS FROM 75 FILE

STOCK CONTROL LEVEL FROM 75 FILE

AISTORY BEGIN DATE FOR 75 FILE q
00 LOCP INDEX

BASE 1D FRON 77 FILE

FEDERAL STOCK CLASS FROM 77 FILE

STOCK CONTROL LEVEL FRO® 77 FILE
HISTCRY BECIN DATE FROR 77 FILE

USED TO CALCULATE MOVING AVERACE LPPER LiMmIT
CONVERTS [DBASE TO OFFUTT OR WHITENAN

gsrﬁﬁﬁﬁ"ﬁhht":

I PRINTS FLAG FOR BEST MOVING AVERACE MSE
PRINTS FLAG FOR BEST DOUBLE EIPCNENTIAL PSE

PRINTS FLAGC FOR BEST ADAPTIVE RESPORSE MCE
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nAv

4
e

ACTUAL NONTHLY CEMARD HISTCRY FOR 7%

USED IN CALCULATING ROVING AVERAGE

NOVING AVERAGE FORECAST VALUE

COUXTS NUNBER OF MATCHES FCR BTH YEARS

ACTUAL WONTHLY DERAKD HISTGRY FOR 77

COUNTER FOR WMUMBER OF RECORDS THAT NEET SEASORAL
CRITERIA IN 4585 CLASS FROM EACH BASE WITH
HISTORY BECIN DATE OF 7812 OR EARLIER

COUNTER FOR WUMBER OF RECORDS THAT ARE SEASONAL
FROR EACH BASE

COUNTER FOR TOTAL RECORDS FOR EACH BASE
STANDARD DEVIATION USED IN CRITERIA
TOTAL DENANDS FOR YEAR USED IN CALCULATING STD

TQTAL 1975 DEMAND PER STOCK NUMBER: USED TO FIND
PERCENTACE OF DEMAND PER PONTH FOR CRAPH

TOTAL 1977 DEMAND PER STOCK NUMBER, USED TO FIND
PERCENTACE OF DEMAND PER MONTH FOR CRAPM

TRACKING SICNAL FOR ADAPTIVE RESPONSE FORECAST

INCREMENT FOR SROOTHED FORECAST IN DOUSLE EIPONENTIAL
SRO0THING, VARIES ALPHA VALUE

VARIANCE OF ACTUAL DENAND USED TC CALCWATE STD
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APPENDIX B
FORTRAN FLOWCHART
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APPENDIX C
FORTRAN PROGRAM




o

10M0093R1TL) 202400
L8108 IDENT GPLLES AT IT/LSC CIL OML GEL

10208:0PTION:FORTRAN) NORAP

LOC04:FORTYINFCRR NCNO«KLSTIN XREF

104C

1050C T Y T T P T Y Y YT YT T Y AT )
1066C ' U
K ' & FORTRAN PROCRAM DESICNED TO PERFORM '
1936C s 4
10948C ¢ AN EVALUATION OF SEASORALITY 1N THE UNITED STATES ¢
1K ¢ AIR FORCE PEDICAL MATERIEL MANAGEMEXT CISTER ¢
38 ' U
W 3 T T Y Ty Y T Y Y AT T R Y YA T Y Y YOI Y YA LAY
13K

1140 DIMENSION NTRI(29)/NCR(20)MU12)oCLI0)/NSRI2E) (R(12) . 2112),E012)

1156 DIMENSION MACI2) MAV(LI2) JEMAV(I2) o ALPHALLE) \BETAI2 JERRARLLZ

1166 DIMENSION EX(24),D2(24),ERRORILE) (ERRDI (I 1N I2041D)

1179 DINENSION AMD(24),EWA(2¢)[ARI20:28)  JARSAV(10412)08112)

{188 CHARACTER AFSCO4,AATOOZ/ALINGT (ACLYS1ABDO4 A5 (24) \LADEL L3

1199 CRARACTER LABEL4SBATOOZ,BIINGTIAZIL12) \LADELZ03:LABEL 203

1283

¥4t INITIALIZE READ & WRITE FILZ/DEVICE CODES (IFCP = &y WHICH IS THE
1226C LINE PRINTER? IFCI = 11, WHICH IS THE TAPE CONTAININS {97S DATAS
1236C IFC2 = 12) WHICH IS TNE FIRST SCRATCH-FILE TO STCRE 1975 DATA THAT
1240C NEETS THE FOLLOWING CRITERIA: SASE = OFFUTTI STOCX-CLASS = 4535
1256C NATO DESICXATION = ##7 HISTORY BECIN DATE LESS THAN 74:2)

124K

1279 15Ce=4

1280 [FClelt

1299 FC2:12

1306C

1310 | CONTINVE

1329C

123 READ DATA TAPE AND WRITE THOSE RECORDS MEETINC THE ABOVE CRITERIA
1240 T0 A SCRATCH-FILE FOR FURTVER PRCCESSING LATER

135C

1368 READ(IFCL,2+END=4) IDBASE ) AFSCAATOALINGACL1ABD: (AL) 4121, 12)

1278 2 FORMATUIS022:R80AZ0R7 11830 A0: 300L A8, 7914 12A0)

1380 [F(IDBASS.NE. 04482160 TO |

129

t:‘: COUNT THE WUMBER OF DATA RECORDS FOR EACH 3ASE FOR BOTH YEARS
14l

1420 NTRUIFCI) =NTRUIFCL) +t

1438 [F(AFSC.RE."4SHS™ .OR.AATONE."00" .OR.ABD.CT,"7412"1C0 T0 ¢

L4

l:g COUNT NUMBER OF DATA RECORDS (FROM SPECIFIC BASE) MEETING CRITERIA
H

1470 RCROIFCY) =NCRUIFCL) #1

1480 URITE(IFC2+3) IDCASEAFSCHARTOIALIXIACLIABS) (ALT) o 121412)

1499 3 FORMAT(IS) LLoAG 1XoAZy IRoAT iR oAS 110 A4 12A8)

150%¢
1S  RETURN T0 '1 CONTIN/E' TO READ T/ MEXT RECORD
1928
1596010 1
77
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1540C

1336C WHEN THE END-OF-FILE FOR THE DATA TAPE (S ENCOUNTZRED, REWIND THE
1566C  NEWLY CREATED SCRATCH-FILE TO ALLOM IT TO BE READ AT A LATER POINT
197K

1980 4 REWIND IFCZ

139C

1604C DETERMINE IF BOTH TAPES (1975/1977) HAVE BEEN SCREZNED (SEE BELOS)
14185 ANDe [F SO TRAMSFER TO 'S CONTINUE' TO PROCEED SITH THE ANALYSIS
16280

1630 IF(IFCLLEQ.13.AMD, IFC2.EQ.150C0 TO0 §

16400

- AFTER THE FIRST DATA TAPE (1975) HAS DEEX SCREENED, REPLACE READ &
1680C  WRITE FILE/DEVICE CODES (TQ REAC FROM (977 TAPE AND WRITE 70 A IEW
1670C  SCRATCH-FILE) AND RETURN TO '1 CONTINUE' TQ PROCESS SECOND TAPE
168K

1699 [FC1=13

1700 [FCZ:14

mece 10t

1nK

1738 S CONTINUE

174K

1736C AT THIS POINT, THE DATA TAPES FOR BOTH TEARS HAVE BEEN SCREENED:
1760C THE READ ¢ URITE FILE/DEVICE CODES IFC! & IFCZ ARE RETURNED TO THE
201 8 INITIAL STATES (INDICATIRC THAT 1975 DATA &ILL BE PROCESSED FIRST)
178 AMD A NEW SCRATCH-FILE (IFC3) IS INITIALIZED (TO SCTAIN THE DATA
1799C  THAT HAS MET THE CRITERIA OF SCASONALITY AS ESTABLISHED SELOW)
1802C

1619 iFCi=11

1829 [FC2=12

1839 [FC3:13

184s

1838 & CONTINUE

1868C

1878 READ(IFCZ,7/END=13) IDBASE, IFSCoAATO,ALINS ISCLy IHBD: (K1) o 121012}

1825 7 FORMAT(IS/ I3:A3/A8: 171 15,1218)

1896C

I9C  FOR EACH ITEM IN TME FILE, TOTAL THE AWUAL DEMAND FOR TME ITEW
1918C

1920 00 8 121,12

1920 8 TOT=TOT+FLOATIN(I))

1946C

1938 DIVIDE TOTAL AKNUAL DEMAND BY TUELVE TO FIND "EAN ANNUAL DEMAND
1966C

1970 AVC=T0T/12.0

1980 TCT=4.0

1996C

1008C IF THE MEAN DEMAND FOR THE ITEM IS ZERO, EXCLUBE THIS RECORD
me

1020 IF(AVC.LE.A.NCO TO ¢

0200

2040C  DETERMIKE THE REAR DERAND FOR SACH POSSIBLE TWREE-CONSECUTIVE-
2050C  MONTH PERIOD THROUCHOUT THE TEAR (JAN-FED-MAR: FEB-MAR-APRI etc)
040C

W09 1010




1680 7 BLI)FLOATIN(I)#R{T+1)0NL1420)/3.0

2099 BULL)sFLOATINCITIONIL2ION(L)) /3.0

2100 BUIL):FLOAT(N(IZ)4N(1)4NI211/3.0

431

AU TO FIND THE STANDARD-DEVIATION OF THE DATA) FIND (AND SSUARE) THE
13C INDIVICUAL MONTHLY DEVIATIONS FROR THE WEAN (PREVIOUSLY CORPUTED),
J146C  SUN THESE SGUARED DEVIATIORS, AND DIVIDE BY 'N-1',» OR ELEVEM, TO
CISOC  DETERMINE THE VARIACE: THEM TAKE THE SQUARE-ROOT OF THE VARIAKCE
307 T0 ARRIVE AT THE STANDARD-CEVIATION OF DEMAND FOR EACH [TER

UM

1180 00 19 I=112

199 CLL = (FLOAT(NLD) ) -AVC) 402

2200 10 VAR=VARHCLD)

1310 VAR=VAR/11.D

1120 STD=SRT(VAR)

1330 VaR=0.4

ped o

feal o DEVELOP A CONFIDENCE- INTERVAL AROUND THE MEAK BY ADDING THE VALUE
ped 1 OF ONE STAXDARD-DEVIATION UNIT TO THE NEAN (UPPER LIRNIT) AKD ALSO
227C  SUSTRACTING ONE STANDARD-DEVIATION UNIT TO THE MEAN (LOGER LIMIT)
el »

T299 T1:AVG+(1.990STD)

1300 TT=:AVC-(1.00STD)

LI

232C DETERMINE WHETMER ANY OF THE ASOVE CALCULATED THREZ-MONTH AVERAGE
ek 8 VALUES LIE QUTSIDE THE COXFIDENCE RECIONI [F NOT, RETURR TO THE
a3 STATEMEXT '4 COMTINUE' AND READ THE NEXT RECORD: 1IF S0, GO TO THE
35K STATEMENT '12 CONTINUE' WHERE THIS RECORD WILL BE COUNTED AND THEN
138 URITTEN ONTO THE SCRATCH-FILE (IFC3) FOR FURTHER ANALTSIS

& o

2330 00 11 =112

139 IF(B(D.CT.TL.OR.B(I) LT, TZICO TO 12

2400 11 CONTIME

80 T0 8

K

1429 17 CONTINUE

1

2450 NSRUIFCL) =NSRUIFCL)+1

C440 URITE(IFCI,7) [DBASE IFSCoARTOATING ISCL THBD INLD) #1214 12)

W

1480C  RETURM 7O *6 CONTINUE' TO READ THE NEIT RECORD

1496C

300 0104

351

2920C  UMEN THE EXD-OF-FILE FOR THE IKITIAL SCRATCH-FILE IS ERCOUKTERED:
15220 REWIND THE KEWLY CREATED SCRATCH-FILE (IFC3) CONTAIKING SEASONAL
T26C  RECORDS TG ALLOW THIS FILE TO BE READ LATER IN THE PRICRAN
[eit

1340 13 REMIND IFCY

e/

23e0C  GRITE OUT THE TOTALS (FOR EACH TEAR) THAT NAVE BEEN ACCUMULATED
39

2600 TF(IFCL.EQ. 11IURITELIFCA  14INTRIL1) » IDBASE/NCR(11)NSRIL1)

2610 TF(IFCLLEC, L2IURITECIFCHH ISINTR(13)  [BBASE, HCR(13) +NSR(13)
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2420 14 FORNAT(1X,“THERE MERE“»17:+* TOTAL RECORDS FOR BASE*»1S)

26308" 1K 1973, OF WMICH"IS)“ GERE IN FSC 4505.%¢//+101bs

2440%" (7 THESE RECORDS WERE FOUND TO BE SEASORAL.™»////1)

2450 13 FORMAT(1X+"THERE WERE™)17»* TOTAL RECORDS FOR BASE™:IS)

26688° IN 19770 OF GHICH"IS+™ WERE N FSC £505."1//0 100160

26708" CF THESE RECORDS WERE FOUND TO BE SEASOMAL.™://1/11)

18K

690C DETERKINE IF BOTH INITIAL SCRATCH-FILES HKAVE BEEN EXAMINEZ ACAINST
1706C THE CRITERIA OF SEASONALITY: [F S0+ TRAMSFER CONTROL TO STATENEXT
m *16 CONTINUE® TO PRCCEED MITH FURTHER ARALISIS

UK

2730 [F(IFC1.EQ.13.AND. [FC2.EQ.141C0 TO 14

oLl

Fap AFTER THE FIRST INITIAL SCRATCM-FILE WAS BEEN EIAMINED FCR THOSE
2766C RECORDS DETERMINKED TO BE SEASONAL» REPLACE FILE/DEVICE CODE AND
ine RETURN TO "4 CONTINUE' TQ EIAMINE THE 1977 DATA SCRATCH-FILE
786C

790 IFC1=13

2840 1FC2:14

2810 1FC3:18

181K

183 RETURN TC '4 CONTINUE' TO READ THE NEXT RECORD

284C

read BAVRG NS

866C

2870 16 CONTINUE

2850C AT THIS POINT, THE DATA FOR BOTH TEARS HAS SEEN ETARINED AND THOSE
29¢iC SEASCNAL ITERS FOR 1973 ARE RESIDING ON SCRATCH-FILE FIFTEEN (19
1M THE 1977 SEASOWAL [TEMS ARE OK SCRATCH-FILT SIITEEN (14} THE
rarl TASK ROU IS TO LOOK FOR THOSE STOCK NUMBERS RHICH CCCUR FOR BOTH
193¢ TEARS (ie FIND THOSE NSX'S THAT WERE SEASONAL IN 1975 & 1977)

2950 READ(IS: ToEND=99) JR+JB1AATO AT INGJE  JF ¢ ER(D) o 1214 12)
2940 €0 0 18

1978 17 CONTINUE

1960 READ(14+7/EXD=9IKA KB 1BATOBIINIXE 1 KF o (K(J) 1J21412)
2999 18 CONTINVE

360 1F(BIINLLT.ATINGCO T0 17

30:8 IF(BIIN.CT.AIINICO TO 14

3K THE FIRST FORECASTING NETHOD EIANIMED [S THE TWELVE-NONTH MOVING-
3120C  AVERACE---THE CURRENT NETHOD ENPLOTED WITHIN THE U.S. AIR FORCE'S
3130C  PEDICAL MATERIEL RANWACEMENT STSTEM (MMNS); THIS NETHOD BASICALLY
3140C  PREDICTS NEXT MONTH'S DEMAND AS THE AVERACE (MEAN! OF THE TWELVE
3156C  PRECEEDING MONTHS DEMAND FOR TME [TER

80
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KHT
3C THE NEIT THREE '00-LOOPS' ACCUMULATE THE NISTORICAL CERAND FOR THE
|

kit TEN OVER THE PREVIOUS TMELVE-RONTHS CONSUMPTION HISTORY ADVANCING
319 ONE MOKTH EACH INCREMENT FOR EACM FORECAST PERIOD AND DROPPINC THE
3 QLDEST (THIRTEENTH MONTH BEMIND! DATA ELEMEMT SINULTANEQUSLY:

krd{ o CLOSE ATTENTION IS CALLED TO THE 'DO-LCCP* INDICIES TO ACCOMPLISH
k7 o THIS TUELVE-RONTH FOREWARD-ROVING FORECASTING TECHNIQUE

3230C

3240 ERRMA=0.0

WS U =2

3250 EMAVL])=0.0

3279 00 19 o2

3280 19 MA(D)sRACL) ()

3299 IF(LLEQ.IIGQ MO 28

3309 L=11-112-1)

3310 DO 29 K=lol

3220 20 NALL) =RACTYSN(K)

3330 21 RAV(I) = (FLOAT(NA(L))/12.8)44.5

3340 ra(l) =0

335C

336 THE ACTUAL MONTHLY DEMAND (FOR EACH MONTH OF 1977) IS %04 CONPARED
I 41TH THE FORECASTED VALUE FOR THAT RONTH,» THE DIFFEREXCE BETWEEN
3380C THE TS0 SQUARED, ACCURULATED: AND DIVIDED BY TWELVE TO ARRIVE AT
K THE 'MEAX-SQUARED-ERROR' (R 'MSS’ FOR THE YEART THIS MSE CIVES
3400C AN INDICATION OF 'COODNESS-OF-FIT' OF THE FORECASTED VALUE TO

k! 3 THE ACTUAL DEMAND EXCOUNTERED FOR EACH RESPECTIVE MONTH

8¢

3439 22 EMAVII)=EMAV D)+ (FLOAT(MAV(L} - L1} ) 0e2)

3448 20 23 Is1,12

2450 23 ERRMA:ERRRAERAV(])

3440 ERRMASERRRTA/12.0

3470 VALUE:0.0

3460 1SAVE:4

3496C

350C THE NEIT TG0 FORECASTING TECMNIQUES USE A SRMOOTHINC-CONSTANT KNOWN
k=~ AS ALPRA TO WEICHT THE VARIOUS FACTORS IN THEIR COMPUTATIONAL EQNS
THEREFORE ) WE CEMERATE, AT THIS POINT, NINETEEN VALUES OF ALPHA ¢
3% BETA (1-ALPHA) FROM ALPMA = ¢.05 TO ALPHA = .95 IN 0.0 INTERVALS
S4C

2550 00 24 =119

3550 VALUE=VALUE+).85

3570 ALPHA(D) sVALUE

3300 24 BETA(L)=1.4-ALPHA(L)

3590 AVC3= (FLOAT(R(1)#R(2)eR13)) /3.0

3600 ANCLD:=1000000000.0

Y

32C  THE DOUBLE-EIPONENTIAL-SMOOTHING RETHOD WILL BE EXARINED RMEXT:
330C  THE CORPUTATIONS FOR THIS METHOD ARE 'NESTED' MITHIN AN OUTER 'D0-
m: LOOP* WHICH ALLOWS THE ENTISS DOUBLE-EXPONENTIAL-SMOOTHING METHOD
4600

34

0 BE REPEATED WINETEEM TINES---ORCE FOR EACH VALUE OF ALPNA THAT
UAS PREVIOUSLY CENERATED

WK
3680 00 24 1:1,19
3699 ERROR(1)+0.0
81
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INKC THE TEIT OF THIS REPCRT EXPOWMDS UPON THE PROCEDURS EXPLCTED 81

3720C  THE DOUSLE-EXPONENTIAL-SMOOTHING NETHOD---SUFFICE IT TO SAY WERE

IMC THAT THE VALUE 'E1’ [S THE SINCLE-EXPONENTIALLY-SPOOTHED VALUE

374C  THAT IS PLACED IN THE 'DI' EQUATION WHERE IT IS SMOCTHED ACAIN

ATTC  THE VALUE '1X* IS NOTHING EDOC THAN A% *INTECER-FORMATTED® COPY OF

IGEC  THE VALUE 'D1° THAT 1S NOT RETAINED UNTIL THE PROCRAN HAS ADVANCED

i ITSELF THROUCH THE 1975 DATA AND IS FORECASTING 1977 DATA. AND IS

68 SUBSCRIPTED TO RETALN THESE VALUES FOR ALL VALUES OF ALPHA USED

390C

3806 00 25 JsLi2t

3819 1F(J.EQ. 1EXLJ) = (ALPHALT)OFLOAT(M(J21 114 (BETALLI 2AVCD)

3220 [F(J.EQ. 1)DT(I) = (ALPHALT)OEL (J2) # LDETALL) #AVC3)

3830 IF(J.EQ.1160 10 25

3800 15 (J.LE LOIET () = (ALPHALL) FLOAT (21092011 + (BETALT) 9ER 13- 1))

3858 [F(J.CTLIOIEN () = (ALPHALL) FLORT (N1J- 100 1)+ (RETALIIOEX (J-11) ,.
3860 DX1J) = (ALPNALIIOER(J) )4 (BETALL)902(J-1)) |
3879 IFULCT.XUTII-N D140 |
3668 [F(J.CT.9IERROR(]) *ERROR (L) & (FLOAT (IR (T4 J-9) -N1J-9))902) |
3894 23 CoNTINUS

2990 ERRDX()=ERROR(1)/12.9

3919 IF(ERRDICI) LT, AOLD) ISAVE:]

2529 IF(ERRDX{I) LT, AHOLDIAMOLD=ERRDI (1)

2938 26 CONTINUE 1
3944 ALPHOP=#, SSHFLOAT (1SAVE)

3950 KSavVE:g

960 BHOLD: 1000008580, 9

33 )

3982C  AS QUTLINED IN THE TEXT, THE ADAPTIVE-RESPONST METHOD IS A FORM OF
M998C  EIPONENTIAL SROCTHING, THE PRINCIPAL DIFFERENCE ZEING TMAT NHE
4996C  'ALPWA' TERW IS USED MONTILY TO SEICNT THO "ERROR’ TERMS: WHICH
W10C  ARE USED, 1N TURN, TQ COMPUTE A TRACKING-COESFICIENT WMICH IS THER
W23C  USED TO GEICHT THE FORECASTING EQUATION. AS OPPOSSD TO DOING THIS
1030C  WEICHTING DIRECTLY UITH A FIXED ALPMAI THIS METHOD: ACAIN: IS
¢40C  'NESTED’ WITHIN AN QUTER 'DO-LOCP® TO EXAPINE THE METHOD FOR EACH
4USOC  AVAILABLE VALUE OF ALPHAI 'IAR' IN THIS METHOD CORRESPONDS YO THE
4000C  VALUE '1X' USED IN THE DOUBLE-EIPOKENTIAL-SMOOTHING PETHOD

e

4024 DO 196 X:1)19

%0 TROK=4.$

{100 ERRRR:=0.0

4118 ERRAR!X) 0.0

4125 IARIX, 1) 2AVE3

4130 00 27 11,24

4140 IF(1.LT,13) [FERRR=R(1) - IARIK, [}

4150 [F(1.EQ.1) ICERRR (FLOAT(RUIN) o0, 2201 .0

4160 TF(1.CE.12) IFERRR=N(1-12)-1ARIK, 1)

4179 IFEROR:1ARS ({FERRR!

4108 TF(I.LT.12)TARIK 1410« (TRCKOFLOAT (NU1))) # L {1-TRCK) #FLOAT LIAR(Ky 1)1)
4198 IF(1.GE.12) IARIN) 191) = (TROKOFLOAT (N(1=12))) 4 1{1-TRCK) oFLOAT LIAR(K: )1)
4208 1F (1.EC. 1IEWALT) = IALPWA LK) 9FLOAT { IFERRR))

4200 TFCL.EQ.LIAND (L) = (ALPHA(K) FLORT LIFERQRI

220 IFULEQ.1ICO TO 27

6230 AFDLI) = (ALPNA(K) OFLOAT (IFEROR) ) + (BETALK) SAND(I-1))
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4240 ENA(L) = (ALPHAIX) 0FLOAT LIFERRS) } # (BETACK) 0EKA(I-1))

4230 TF(1.CT.12) LARSAV (K, [-12) = 1ARIK, 1)

4260 [F!1.CT.12) ERRRR=ERRRR® (FLOAT {{ARSAV(K: {-121-N(]- {21000}
§270 37 TRCK=ABS(EWA (L) /AMDLIN)

4289 ERRAR(K) :ERRRR/12.9

299 [F (ERRAR(K) .LT.BHOLD)NSAVE «K

4360 [F (ERRAR(X).L7.BHOLD) BHOLD=ESRAR K}

4310 100 COXTINUE

4220 ALFAOP =0 6% 0FLOAT (XSAVE)

LFe o

A200C AT THIS POINT, ALL THREE "ETMODS OF FORECASTING HAVE BSEN CIANINED
QSIK A2 THEIR ASSOCIATED FORECASTING ERROR TERPS (NSE) WILL MOM BE
Q340C  CONPARED 10 FIND THE MINIMUN ERROR---WHICH CORRESPOKDS TO THE mOST
437C  ACCURATE PETHOD OF FORECASTING FOR THAT PARTICULAR DATA

4320C

4399 BEST=ANINL (ERRM,ERRDI (ISAVE) (ERRAR (KSAVE))

(1 4

WIC  THE RERAINOER OF THE PROCRA® IS DEDICATED TO FORMATTIAC, PRINTING
W2 AND PLOTTING THE RESULTS FOR INCLUSION WITHIN THE APPENDICIES OF
44300 THE FINAL REPORT: THE PLOTTING PORTION OF THE QUTPUT 1S PRIVIDED
414C T ALLOW THE READER TO EIAMINE THE DEMAND PATTERNS OF THE ACTUAL
4SKC  DATA FOR BOTH YEMRS (1975 4 1971

we

4470 IF (JA.EQ.04606) LABEL=" OFFUTT *

4439 [F(JA.EQ.H4625) LABEL ="4NITENN"

4499 [F (SEST.EQ.ERRMAILABEL =" v0e”

4309 IF (BEST.NE.ERRMAILARELI:" *

4510 [F(2EST.EQ.ERRDI (ISAVE) ILABELZ:"s00"
529 IF(DEST.NE.ERRDILISAVE) LABEL2: *
4330 IF (BEST.EQ,ERRAR (KSAVE) JLABEL3= 400"
4540 IF (BEST.NE.ERRAR (KSAVE) JLABEL3:" *
4530 RITE(620)

4360 I8 FORMAT(™1™v/20111011)

4570 GRITELIFCO2Y

4380 29 FORRAT(2!X)"~sseneneromcaceansenceccccnnces vee oo

4600 GRITE(IFCOI30: LABEL 1 JB1AATCIATIN

4610 30 FORMAT(371,"BASE: “,A8/ 182, "RONTHLY DENARD HISTORY*,4X,°NSN:
LL20L1S:A2:4T)

4620 WITELIFCH,31)

4640 31 FORMAT (2611 TEAR™ 71+ JAN®1 31, “FEB" 1 31 "PAR" 31, "APR™ 1 31, "PATY,
A4S083T ) “JUN" 1 310" JUL" 131 "AUC" 131+ *SEP™ 1 31, “0CT™ 1 31 "NOV"+ 31, *DEC*)
4640 WRITECIFCH,32) (M(I)o121912)

4470 22 FORNAT (26X,°1975" 41, 1216)

4480 WRITE(IFCH22) (N(I) o 121412)

4498 33 FORMAT(ZAL, "1977°,48,121H)

4700 BRITELIFCO30)

4710 WITE(IFCHHI4ILABELL

4720 34 FORMAT (221,A3, 11, "RSE™ 1281, "ROVING-AVERACE FORECAST FOR {977")
4730 BRITE(ISCOr3SIERRAA, (MAVIT) 9 [21,12)

4740 33 FORPAT (21X/F9. 20400 12100/1)

4750 WRITE (IFCO»36)LABEL2 ) ALPHOP

4768 36 FORRAT(221:A3+11,"RSE™ 191, "DOUSLE -EIPONENTIAL -SOOTHING <OPTINAL ALP
ATTORHA =°Fb6.2/") FORECAST FOR :977)
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4780 URITELIFCE,3S)ERRDI (ISAVE) » (IX(ISAVE, 1) 121412)

4750 SRITE(IFC 3TILABEL 3 ALFAOP

4690 37 FORBAT(2Z1:A3: 112 RSE" 142, "ADAPTIVE-RESPONSE (OPTIMAL ALPWA =%
AS10RF4.2+") FORECAST FOR 1977*!

4820 URITE(IFCH, 3S)ERRAR(KSAVE) » (IARSAV(KSAVE, 1)+ 121412)

4830 GRITEILIFCE.28)

4840 38 FORMATI(ZIT 1 00000000000000000000000000000000000000000000000000000000
4SSH0000000000000000000000000000000")

4840 DO 39 Is1,12

4870 TOTIA=TOTLA+N(])

4880 39 TOT2A=TQT2AeR(I)

1599 00 4 I=1,12

4900 D(1)=190.00 (FLOAT(N(I))/TOTIA)

4910 40 E(1)=100.00 (FLOAT(N(1))/TCTZA!

4920 TC0T1A=0.0

4930 T0T2A:0.0

4940 AR:RATID(1) 0021 oD(32,018) D IS)oDIL) 4 C17) D18 »DIT) D110, D111 DLI2N)
4950 ARPATIELL) 2 (2)1E(3)1E(4)2ELSIoELL 1EIT) WE(8)E(9)E1M)ELL)ELID))
4960 AG:=RAI(AR,AX)

4970 1F{A0.CT.40) ISKALE 1

4930 IF(AQ.LE.49) [SXALE

499 (F(ISCALE.EQ.1)CC=105.0

S0P IF (ISKALE.EQ.1)00=100.0

S810 IF(ISKALE.EQ.01CC=42.0

SO0 IF(ISKALE.ES.0DC=40.0

$620 41 CONTIKUVE

S48 B0 42 11,12

050 TR (BC1).CE.CC.aND.E01).CE.CC. A0, 0L1 LT, 00. AND.E (1) LT ODIAZ (1) =
SO0 [F(D(1).CE.DD.AND.E(]).CE.D0.ARD.DII).LT.CC.AND.E(T) LT.COIRTLT) 5%
SO70 IF(D(1).CE.DD.AND.E(]).CE.DD.AND.D(L).LT.CC.AKD.ELT).LT.CCICO TO 42
$080 IF(D(1).CE.O0.AND.O(D) LT.CONAZIL) 2 1"

S99 IF(E(]).CE.D0.AND.E!L).LT.SOINTLL) = 0"

S100 42 CONTINVE

S110 106=00

S120 WRITEIIFCH43) 106

S130 43 FORRATI2UI,ID)

S140 WRITECIFCO44) (AZID) 21214 12)

SISO 44 FORMAT (1H++281,1287)

S160 IF(ISKALE.EC.1)CC=CC-S.0

S170 IF(ISKALE.EQ.1)00+DD-S.0

S180 IF (ISKALE.EQ.9)CC=CC-2.9

S199 [F(ISKALE.EQ.9)00:00-2.0

S99 DO 4S5 1=1,12

S0 43 ALt "

Soud LT A0 TO M

S239 WRITE(IFCH38)

SI4 RITEIIFCOH M)

ST30 46 FORMAT (ZOX+ "JAN® 41, "FEB® 41, "NAR" 41, “APR"+ 41 "NAT" o 41, " JUX"
STOBLAT v S " 141 "AUC" 41+ "SEP™ 141, *0CT" 1 41, "MOV"+ 41, “DEC*)

S270 WRITEIIFCH4T)

SZ80 47 FORMAT(292,"¢ I = 197 )*SI,“PERCENT OF TOTAL AMWUAL DERAND BT NONT
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APPENDIX E
COMPUTER PRODUCTS, SEASONAL (WHITEMAN)
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APPENDIX G

COMPUTER PRODUCTS, NONSEASONAL (WHITEMAN)
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