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Chapter I

INTRODUCTION
I

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 Manua l 67-1 , Volume V. The inventory

control procedures outlined in this manual require a minimum

of 95 percent fill-rate on customer demands , whi le  maintaining

an economical level of inventory (2l:p.l-l). The United States

Air Force (USAF) Surgeon General’s Office believes customer

requirements are being sa t i s f i ed ; however , key s t a f f  personne l

have stated tha t  the same level of custome r service could be
— achieved wi th  a lowe r inventory investment ( 7 ) .  Although AF

Manual 67-1 es tabl ishes  a f i rm guide for what is considered

economical , the Surgeon General ’ s Off ice  and the Air  Force Data

Systems Design Center suggest that  f luc tua t ions  in demand,
possibly caused by seasonal var ia t ion , could be a significant

cont r ibu t ing  factor to the high cost of inventories.  The

problem for research is to ident i fy  these seasonal variations

and their  e f fec t on the medical I nventory system .

Just i f ica t ion

The Department of Defense has recognized that  wi th in

the logistics support system certain commodities possess

1
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pecularities or characterist ics that  make them su f f i c i en t l y

distinctive to warrant separate management (20 :11). The unique

nature of medical supplies warrant this separate management.

The c r i t ica l  features of rapid responsiveness , shelf l i f e

l imi ta t ions , and climate contro l are charac te r i s t ics  of

medical inventories.  Many drug items require close monitor-

ing to insure that  their  shelf l i f e  and temperature ranges

are not exceeded. “In the medical sector , there are few

inventories aaintaincd that are not subject to expirat ion

dates and perishable controls (13:735 ].. ” For these reasons ,

medical supplies have been segregated from nonnedical supplies

and are managed under a separate inventory control  system , the

M?~4S ( 2 l : p . l - l ) .

The importance of medical inventories requires that

strict considerations be made by the Air  Force In handling and

managing such inventories. Bas ica l ly ,  the management goals are

to main ta in  as low an inventory as possible whi l e  still pro-

viding the customers a 95 percent f i l l  on all  l ine items

demanded .. To achieve such a leve l of service requires a

substant ia l  investment in inventory stocks . In f i sca l  year

197 8 , the Medical Materiel  Management System consisted of 101

Air  Force medical supply accounts. These accounts required

the management of over 15 ,000 individua l line items , w i t h  a

total net sales of over $93 mil l ion , and an average inventory

investment of over $10.5 mil l ion . The inventory turnover rate

during th is  period was 8.8 ( 2 4 ) .  The larg. dollar v&lues

involved in th is  system suggest substant ial  potential savings

2

— - ~~ - ,- - - . - - •-~~~~~~~~~~~~~~~ 
-

— - _____________________



~~~~~~~~-- -~~~

cou ld be realized wi th  even a small  improvement to the inven-

tory system .

The medica l materiel inventory system involves many

decision parameters .  These parameters include such factors

as safe ty  levels , pipel ine  times , econom ic order quantities ,

daily demand rates , stock control levels , and seasonal

inf luences .  Previous studies in the area of medical materiel

management have s p e c i f i c a l l y  addressed some of these fac tors .

Peacock and Scale attempted to apply a variable safety level

to the system in order to improve the service level (14:6) .

Ferguson addressed the D a i l y  Demand Rate (DDR) computation

and provided a formula for de te rmin ing  a new DDR factor which

could u l t ima te ly  a f f ec t  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 Scale 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-

d ude a seasonal factor .  “If  properly designed , the seasonal

factor  should be sens i t ive  to a seasonal demand pattern and

3
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insensitive to other demand patterns (8:18].” Bloss , Mocc ia ,

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 , A ir Force Medical Materiel

Field Office (23), Mr. Larry Prior , Systems Analyst , A ir 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

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 seasonali ty.

3. To develop change s 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

• .~ V — — —  - ,- - .- -~ — — —~~ --.—— 

—4



_ _

the medical inventory system?

- 2. Can seasonal var ia t ions  be accounted for by

modifications of the present computer system ?

S 
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Chapter II

DEVELOPME NT OF CURRENT SYSTEM

Inventory Theory and Models

Accord ing to Turban and Meredith , the major reasons

for maintaining an inventory include : protection against

irregular demands and irregular supply, protection against

inf la t ion , and to allow f i rm s to take advantage of large

quant i ty  discounts on orders ( 8 :365-366) .  The two key

problems that usually face any f irm when at tempting to

establish an appropriate level of inventory are when to

order , and how muc h 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

f i l l  demands during the lead t ime.  The order will then arrive

at exactly the time that  the inventory balance reaches zero .

The quantity to be ordered wi l l  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
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and lead t ime wi l l  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].” Ther efore , 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

wi l l  f luc tua te  w i t h i n  cer ta in  l im i t s , 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 *Q4S approach to solving these problems

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

a
Stock-out- -A condition when demand cannot be filled

from existing stocks.

7 
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Figure 1. Deterministic Inventory Model
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Figure 2. Stochastic Inventory Mode l
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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 corn-

puted during each processing cycle. The Economic Order Quantity

(EOQ) , 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-l to 8-4). These variables are

computed on an individua l 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:

EDt.l 
~

where :

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

EDt.l • expected demands for next period

• actual demand for the ith period (2l: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 forft -~~~ - ,- ,  ~~~~~~~~~
- 
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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 58.00 1

$8.00 to $47 .99 2

$48.00 to 5287.99 3

$288.00 to $1727.99 4

Non-medical item s 5*

$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 combinat ion 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 (2l: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.B-2)

TABLE I I

Pipeline Time Factors

Requirement Code_ Pipeline Time Factors

1 2

2 3

3 4

4 6

6 6

The formula for computation of pipeline time is:

1 PLF
PLT .p,~ E P

i•l

where:

PLT • Pipeline Time

PLF • Pipeline Time Factor as specified by the
Requirement Code

• 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:

D
DDR -~~ t ISS

U

where :

DDR • Daily Demand Rate

ISS 1 • Daily Issues

D • number of days in consumption h is tory , 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 ( 2 2 : 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 safe ty  stock level is f igured as follows :

m
SSL” ! E D.

where :

a • months of history consumption , not to exceed 12
months

Di 
a actual demands for the ith month

Based on the annual dollar value of consumption , a Safety Level

Factor (SLE) is provided in the computation of the Stock Control

Leve l 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 avai lable.  If the consumption

13 
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is less than 6 months , the SLF is equal to 15 day s , and if the

consumption history is for more than 6 months , the SLF is equal

to 30 days (2l:p.8-S) .

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

ables has been determined , the SCL is then computed according

to the following formula (21:p.8-4):

SCL • (SLF x DDR) • (EOQ F x DDR) • (PIT 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

j used to determine the numerical reorder point. The ratio of

factors for determining the POP is:

ROP • PLT • SLF
PLT • SLF • EOQF

This value (ROP) is then applied against the SCL to determine

the reorder point (RP)

RP • ROP x  SCL

Seasonality

Most inventory system s allow for cer ta in  f luctuat ions

in lead time and demand by incorp orating a safety level. This

works adequately for those items whose lead time and demand

fluctuate according to random variat ions to a norma l distri-

but ion. The safety level is designed to accommodate a certain

stand ard deviation from this norm . There are , however , many
item s whose demand fluctuations follow other than a norma l

14
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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

in anticipation of increased sales during that season. These

stores usually liquidate their seasona l assets at the end of the

season by having clearance sales. By eliminating the inventory

of off-season items , firms can then afford to invest in other

areas of interest. It appears that most of these seasonal ad-

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 , Vo lume V 1 even specifies that “variations

in stock control levels and EOQ s may be necessary for certain

items under certain conditions ,” such as “seasonal items with
negligible off-season consumption t2l:p.8-4).” With the number

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 th. case of Insect Sting Kits

in the inventory at the USAF Medical Center , Wrigh t-Patterson

AFB , Ohio. These particular kits show a history consumption of

15
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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 ,

arran gements must be made to procure the necessary item . Since

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

L 
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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 oveT-

ride the computer at his discretion (2l:p.8-4). Therefore, it

seems appropriate 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 ‘0’IMS 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 8-3500 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

18
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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-

f i rm 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 A ir Force Data System Design Center

(AFDSDC) requested computer tapes of the inventory master

records from four A ir Force Base Hospitals over two separate

19
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years. The bases selected were Scott , Offutt, Blytheville and

White inan. The t ime periods covered on the tapes were calendar

years 1975 and 1977. Mr. Larry Prior , AFDS DC , released the

data tapes from Offutt and Whiteman for this research effort.

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 finding s may be representative of what

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

the largest , single class of inventory items and , partially,

because of the need to narrow and limit the scope of this

research. Al so, 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

20
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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 item s 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

21
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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) . If the average demand does vary from the mean

more than one standard deviation for severa l months running ,

the odds are that this is not a random fluctuation., 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

22
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variation , the apparent trend occurred most often for three

months in duration. This is supported logically, s ince 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 M!44S uses the Simple Moving

Average technique to forecast demand . The following formula is

basic to all moving average models (16:87)

n
t Demand

F • 
ill

n.l n

where

~n~l • the forecast for the next period

Deaand~ • actual demand for period

n • the number of per iods of demand being considered

The simple moving average forecast is calculated by

dividing the sum demands in the last it periods by n. This is

23
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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 failing s 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) :

• + (1 - a) U~

A smoothing constant (a) between 0 and 1 is used to add or sub-

tract a fraction of the differenc e between the actual current

demand and the last forecast demand (Ut). The sensitivity

of the exponential smoothing forecast can be altered at any

F 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 sma ller va lue 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

descr ibed , 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 taking 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):

U~,1 • a U~~1 
+ (1 - a) U~

where

U~~1 • the First Order Exponential Forecast

25 
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• the Double Exponential Forecast

U~ • the Previous 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):

where

T
~ 

• Trigg ’s tracking signal

• the Exponentially Weighted Average

Mt - Mean Absolute Deviation

and

• a 
~ e~~ + (1 - a) Mt 1

• a • e
~ 

+ (1 - a) 
~t-l
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Mt l  • Previous Mean Absolute Deviation

°t-l • Previous Exponentially Weighted Average

e
~ ~~~~~~~~~~~~~~~

where

• Actual Demand

“~ 
• Estimated Demand

Since Tr igg ’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 of forecasting is

given by the formula below (10:22):

Ut • IT t lY t 
. (1 IT

t
I)  ut-i

where

• Tt • Trigg ’s Tracking Signal

• Actual Demand for Current Period

U
~ 

• Adaptive Response Rate Forecast

U~~1 • 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

27
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data are stable , the resulting value of the tracking signal

should be small , resulting in a ve ry 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):

2t (c - a)
MSE • 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

28
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technique performed on the demand data that did not meet the

seasona l criteria to assure that no degradation occurred on

nonseasonal forecasts. .1

Assumptions and Limitations

The following assumptions were made in evaluating the V

data for this research.

1. Future monthly demand patterns will be similar

from year to year.

2. The distribution used in calculating the MSE of

demands was assumed to be normal based on the

central limit theorem.

3. The tapes furnished by AFDSDC were accurate and

valid as collected .

4. 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.

2. Quarterly fund limitations could have distorted the

data. These limitations exist annually and effects

from year to year should be similar .

3. 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.

29
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4. Data are from 1975 and 1977, respectively , and it

is unknown what happened in 1976.

Summar y

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

f ied , 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 ycar~ , is the only data of its kind available .

The analysis of this unique data has allowed a meaningful study

of seasonality in the MJ’~1S 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 III , 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 wi thout 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

F 
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 op t imum 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 origina l computer program for initial data analysis

(see Append ices A , B ~ C). This program was designed to scan

the data tapes for both 1975 and 1977 and select those items in

the 6505 class for a specified base (Offutt or Whiteman) that

32
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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 seasona l 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 4. Example of Seasonal Criteria
Offutt,l977 - NSN 6S05001048061

Extent 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 I
Total I Meeting

of Records Seasonal
Base/Year Reviewed Criteria % Seasonal

Offutt - 1975 629 184 29

Offutt - 1977 475 165 34

Whiteman - 1975 463 122 26

W’hiteman - 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 origina l number

of 6505 inventory records were 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 IV
Comparison of Year to Year Seasonality

0 ffut t

Year to Year
Total Total I Percent
Records Total I Seasonal Seasonal

Year Scanned Seasonal 
— 

Matches (1975 Base Year)

1975 629 184
58 9%

1977 475 165

Whiteman

Year to Year
Total Total 0 Percent
Records Total I 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 l97S 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

displayed 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
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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 rate of Air

Force medical doctors , which creates instability in drug usage.

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

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 da ta represents a quantum leap in demand patterns,

and this would not be expected in a continuous sequence of

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

- organization where ordering is accomplished. The demand data

used for this study was intermediate in nature . The data do

not reflect actua l 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 *Q4S 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

actual ly  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 analyzed.

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 analys is  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 not iceably grea ter .  Considering that the resul t ing 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 ~Q4I4S 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 !~e4S

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 th e M?~t4S mode l 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 abilit y

_ _ _ _ _ _ _ _  
-



to forecast trends and seasonal variations . Both forms of

exponential smoothing can be adjusted for sens i t iv i ty  by

chang ing the smoothing constant. Yet , there is another fore-

casting techn ique , 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 outl ine the resul ts .

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 a b i l i t y  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 s imilar  manner ,

where a var ia t ion was added to the tracking signal.  I t  was

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
0 % 0 % I %

Offutt 6 10% 27 47% 25 43%

Whitema n 5 14% 11 32% 19 54%

Both 11 12% 38 41% 44 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 averag ing the first three months of
demand in 1975 (16:93).

The actua l forecast values for each stock number evaluated are

available for review in Appendices D and E. The t r ip le  aster-

isk (***) was used to ident i f y the best performing model based

on the minimum MSE. Table V depicts the cumulative results of

all forecast models to predict seasonality.

By exam 1 nation 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).
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TABLE VI

Seasonal Moving Average Comparisons

B Simple Doublease Moving Average Exponential Smoothing

I % I

Offutt 8 14% 50 86%

Whiteman 7 20% 28 80%

Both 15 16% 78 84%

Ba e Simple Adaptive
Moving Average Response Rate

0 % 0

Offutt 22 38% 36 62%

Whiteman 12 34% 23 66%

Both 34 36% 59 64%

See Table VI for these comparisons. Almost as significant to

th i s  research as Table VI is , is the fact that when the Moving

Average was the better model , there was a Double Exponential

Smoothing mode l 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 var ia t ion , a re lat ively 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 h igher  value of a is required , the

45
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TABLE VI I

Double Exponential and Moving Average

Comparison

Moving Double
a

Ut MSE MSE Difference Difference

5505002261203 80.00 80.75 .75 .9%

5505002998279 389.67 420.17 30.50 8%

6505008901633 63.75 67.42 3.67 7%

6505008902172 77.08 77.58 .50 .6%

6505009269202 46.75 50.78 3.83 8%

6505008718307 2.08 2.08 -0- -0-

thiteman NSNs

6505008901573 8.50 8.92 .42 5%

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).

F igure 8 i l lus t ra tes  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 
V

that demand predominately had period s of fluctuations that were

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

centage of smaller alphas were used in forecasting seasonal

46
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a * * * * .95 . * a

.90 A A .90 . ~~ *
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.65 * .65 . a * a

.60 .60

* a 55

.50 * *  .S0~~~~~
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* * a .35 . *

.30 - a a * .30 * *
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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

sti l l  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 mode l 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

48



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

th is contention. Data were evaluated for periods of five to

ten years and heavy demand levels were observed (17:58) .

Although this  model has i ts l imi ta t ions , i t  remains a more

e f f ic ien t  mode l than the moving average .

The results of the forecasting analysis clearly shows

that for seasonal demand patterns the moving average is m ade-

quate. Double Exponential Smoothing and Adaptive Response

Rate models are the most promising techniques. Figure 9 shows
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Figure 9. Seasonal Forecasting
Offutt , 1977 - NSN 6505002998598

a typical seasonal item , drawn from Appendix D, and illustrates

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 ~~1MS structure , it is impor-

tant that the selected forecasting model not only have an

ability to accurately forecast seasonality, but at the same

t ime be able to forecast nonseasonal item s 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

so
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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 ‘4SE 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

Simple Double Adaptive
Moving Exponential Response

Base Average Smoothing Rate

I % I % I

Offutt 2 6% 24 73% 7 21%

Whiteman 4 17% iS 66% 4 17%

Both 6 11% 39 70%** 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 i l lus t ra tes  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

TABLE IX

Nonseasonal Moving Average Comparisons

Bas Simple Doublee Moving Average Exponential Smoothing

I % I

Offutt 2 6% 31 94%

Whiteman 4 17% 19 83%

Both 6 lii 50 89%

Simple AdaptiveBase Moving Average Response Rate

I % I

Offutt 20 60% 13 40% *

Whiteman 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

Double Exponential and Moving Average

Nonseasonal Comparisons

Simple Double
Offutt NSNs Moving Exponential Difference Difference

Average Smoothing
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-

650S002998bl7 .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 aiphas were used

66% of the t ime.  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

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 .

U

Offutt Whiteman
.95 * .95

.90 .90

.85 .8S

.80 * * .80

75 75

.70 - * .70

.65 * a .65

.60 - .60

.55 - .55

.50 - * .50 * * * *

Alpha .45 - * * * ~~ .45 . * A

.40 - a .40

35 , * * * *  35 *

.30 * .30 - *

- a * .25 - *

.20 - * a 
.20 -

.15 - .1 5 -  * * * * A

.~10 - .10 - * *

.0 5 -  * * * * * * a A * * a

l Z 3 4  5 6 7 8 9 1 0 11 1 2 3 4 5 6 7

Frequency

Figure 11. Nonseasonal Frequency of
Smoothing Constant Occurrence
(Double Exponential Smoothing)
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A lthough 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 resul t  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 forecas t ing  resul ts  is that demand patterns that were

i n i t i a l l y  observed would continue into the fu ture . 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 forecas t ing techniques are indicative of their relative

ability to predict demand .
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Summary

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 var ia t ions  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

bet te r  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 M~~S. 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 t~Qe4S could be eliminated.
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Chapter V

SUMMARY , CONCLUS IONS , AND

RECOMMENDATIONS

Summary

The purpose of this research effort was to examine the

demands for medical supplies within the Medica l Materiel Manage-

ment System to determine If seasonali ty  exis t s , 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 (JSAF 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 addressed 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 M?U4S,

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 actua l 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

prov ide 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 seasona l 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 m di- U 
-

cate other areas that  may be advantageous to MMMS and that

could very likely reduce operating costs.

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

superior demand est imates and should u l t imate ly  reduce cost

since Double Exponential Smoothing provides better results most

of the time. When Double Exponential Smoothing does not pro-

v ide better results , they are 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.

S. The effect that inconsistent ordering practices

have on the demand h is tor ies  should be studied.

59

- —1~ 
- - .  

.-. - —5-—— —— -

~ 

~~~
—- — — - ----.—- ---— -—~~~~~—— _- .~



--

- -~~~~~~- - -

APPENDIX A

LIST OF VA RIABLES
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LIST OF VM!*Zt.E3
~~~~~~~~~~~~~~~~~~~~~ I,N UIH,t4ê,II,4~IIIf tUU~4H~U4a

A RU1~ REACIIIC OF ALt 1 ?~E5IS VEM!(D w:sroi~FOR ROTh tEARS 0*7*

MTC NATO DLS ICflATOR ~tTMIR S~XK ~(UP~1ER IN ALPI~I FOR?i

AID ~IS~ RT IECI~ O4TE IN *J~ FC~

STCtX C1~JflRoL t.r1~L IN ~L.Pi~A F~PJ~

FEDERAL STOCK ~tRSS III ~LP~ VCR~
am~.O NOLOUIC VAR IAJU TO RETAIN L~~ST ~~~ OF ~SEFOR Xk~ E EZPOIER11A~ SR~oTh1r.c FORECAS T

RuN NATIONAL IOfJITIFICAT2OI IKXI N’.’~1(R 15 ALP%* FORs

WIRY OPTI!W. *LJNA FOF ACIP1tVE RESPONSE FCRECAST

AJt(A SNOOTHINC cO~TICIE5T USED IN EIPOE~1IM. S~!DøTI(INC
*4 ADAPflVI RESPCNSE FCREC~~ST INC F3Rt~ .US

ALPWOP OPTIRW. ALPHA FOR 3~J$U EIM*~ 1IAL V~OOT~4NC

YMIASLE USE) 10 FI~ R~I PERCE~ *CE CF I97~OE!UD 10 !*INI 01 CRAPH

*0 ~M tNC* RISOLUTE D(~QIR1ION~ F~R *NIIVE RESFOI&RATE F~~CAST INC FO~ .J..A

AN USE) 10 ~!isO I~.Z PERCEST*GE CF i~77 OOWC TO
PRINT ON OPJPH

*0 R*I:!’~ VAU* FOR I97~ MD 1977 FOR ~~RPN SCALE

AVG REM MORIAL DERMO USED II ORTt~~IN N C  51MD*
XVEAT!OI FOR CRITERIA FORMLA

*153 AVERAGE XMl) FOR FIRST t,Et flOIIT1~ OF I975,USED FOR PENINC i!~ DOUILE EIPORENTIW. S!OC’H!IIC
am) *oetivs RESPONSE FORECASTING FORstrJS

CHARACTER FOR SPREE. 1, OR I

I USE) TO C*WL*TE INOIVIXW. RE~~ FOR 3 NORTH
L PER1O$ FOR CRITERIA FOS~LA

NATO 1977 V*UE FOR MTO~ USE) IN CO~PM!SON TO
I,n $rR
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IE~ USED TO DEltRN!NE REST FORECAST INC ~ETHOO

DETA 1-ALPHA IN OCURU E1PC~~ TIAL SROOT~INC
AND ADAPTIVE RESPONSE FORECASTI NG FORVJS

SHOLD HOLDING VART *VJ TO H~~ LOWEST VAL~ CF ItSE
FOR ADAPTIVE RESPONSE FORECASTING

IIIN 1915 VALUE FOR NATC USED ‘~ CCI~AR ISC~l ~ :~ ? DAT A

C USED TO FIND VARI*Ct FOR COMPUTATION OF ITt 0EV

CC PERCC~TAC( V ALUES FOR CRAPS

I XMl) PER NORTH FOR 1975i USED TO Ft~3 PERC(VT ACE
Of *INP* DERAIl FOR CRAPS

DO PERCENTAGE VALUES FOR GRAPH

ii ocuiu UPONEEIMIT $5001-C rORECAST Es1:MTt

£ DEHAND PER NORTH FOR 1977~ ~ ZD TO FINS PERCENTAGE
OF AELAL CERANS FCR CRAPS

ENAV USED IN FINDING NSE IN NOV!N AVERAGE !CRP~..A

tRAM REAl $ REO ERROR FOR ADAPTIVE RESPONSE

ERROl SEAN S~JARED ERROR FOR DOt’ELE UPCI~~TIAL

URSA REM S U~~D ERROR FOR NOV~ C A~IERACE

ERROR ACCUNULATES ERROR FOR X’&E EXPO)OTIAL

USSR *CCU~~A1ES SSE VALUES FOR ACAPTIVE RESPONSE

E’
~ A EIPO!EITIMJ.T U(ICHTC AVERAGE FOR AD.WTIVE

RESPONSE

s :u~ x EIPORENTIAU.T S500T!C FGRECAST ESIINATE
FOR OOUILE LIPORENTIAL

I X LXP INXI

IAN FORECAST FOR ADAPTIVE RESPONSE

:ARS*V FORECAST VALUES FOR 1977 ADAP~ VE RESPONSE
FORECAST SAVED FOR PRINT ING

IDNASE lASS DESIGNATOR IN I%1ECER PORN 
- 

-

IFC, INDICATES DEVICE CO0E~
FlU CODE FOR T APES
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IFCZ FILE CODE FOR TEMP F L E$

IFC3 ~ Dt FOR I!TERSEC!*TE FCLZ FOR SEASONAL ITEMS

IFEROR ASSOLUTE VALUE OF FORECAST ERROR IN ADAPTIVE
RESPONSE RATE FORECAST FORSIJLA
FORECA STI NC

!FERRR ACTUAL VALUE OF FORECAST ERROR II ADAPTIVE
RESPONSE RATE FORECAST F~t~LA
FORECAST ING

INTEGER FORS FOR FEDERAL STOCX CLASS

ISAVE RETAIMED v*iet FOR THE REST DOURLE EXPONENTIAL
SNOCTHIIG 1155

!(1t ER FORS FOR SICC% CONTROL LV.tL

:~~~i SCALE usso FOR GPAP~ 0-130 OR 04 0  ~tRCENT

II INTEGER FOR ~~ OQ~.ILL EXPOSENTIAL SNOOTk NC F3SEC*ST

DO LOOP INDEX

JA IASE ID FROM 7S FIU

JR FEDERAL 51CC! CLASS FROM 75 FILL

ST OC! CONTROL LEVEL FROM 1! FILL

~4ISTOR Y DEC11 DATE FOR 75 FILE

K DO LOOP 1105!

KR ~*SE ID FRON 77 FILE

K) FEDERAL STOCK CLASS FR3!I 77 FILE

KE STOCK CONTROL LEVEL FRUN 77 FILL

HISTOR Y 1(011 DA TE FROM 77 FILE

USED TO CALCULATE NOVINC A~~*CE L~PER 11511

UE CONVERTS IDIASE TO OFFUTI OR ~IITThAN

URELI PRINTS FLAG FOR DES! NOVINC AVERAGE 555

L*W2 PRINTS FLAG FOR REST DOUDLE LIPOSEJITIAL lISt

1451.3 PRINTS FLAG FOR lEST ADAPTIVE RESPONSE SEE
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1
S ACTJ$L MONTHLY CE~WI3 HITTC RY FOR 75

1~A USED IN CALCULATING ROV ING AVERAGE

~AV SOV K AVERAGE FORECAST VX.UE •

~ TCHS t3U*TS IRRIDER OF I~TOCS FOR 10TH TEARS 
-
;

N AGTUAL RCWIHLY %P.~ t HISTORY FOR 77

NCR COUNTER FOR moisfi OF RECORDS THAT REST SEASONAL
CRITERIA IN A5l5 CLASS FE~ EACH BASE VITH
ESIORT ECIM DAT! Of 7112 ~ EARLIER

NSR COUNTER FOR *JiER OF RECORDS THAT 45 SEASONAL
FROM EACH lASS

SIR COtiTER FOR lOIN. RECORDS FOR EACH BASE

SID ST*O~ O DEVIATION USED IN CRITERIA

TOT ‘OTAL DERMIS FOR YEAR USED IN CALCULATING 510

TOu R TOTAL 1975 DEMAND ~~ STOCK IiusEER~ USED !3 F110PERCENTAGE OF DEMNO PER NORTH FOR GRAPH

TOTO* TOTAL 1971 DERAIl PER STXK ~~RER. USED TO FINDPERCENTAGE OF GENAl) PU M~ITH FO7~ GRAPH

TREK TRAGX:sc SICNM. FOR ADAPTIVE RESPONSE FORECAST

VALUE INCREMENT FOR SMOOTHED FORECAST IN DOUBLE UPOIENTIAL
VIOOTHUICs VARIES ALPHA V~IU~~

VAN VARIANCE OF AC TUAL DERAIl USED TO C*LCILATE 510
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tlN#b.RI21J 3’8.I~~

1ILftIIDEST:#UB$,AFIT/LSC c:L Ott 1(1
:I0I1:OPT Ou:FOIIR*,*mIA,
TI~D1:FQRTT :~ CRft,NJ~,NL$TII~, IREFhOC

114K I

I I FORTRAN PMOCRAM 3EELCED TO PERFORM
119K
!I,OC I AJ UATION OF SUSO*A~ T T I ~1T)~~~ ITED STATES
113K • AIR FORCE r~DICAL MATERIEL MNACEREE CYSTEN

IC I
: ~:ic

~~I:IC

ii~i CIRENS:oS NTR(zl,.NcRtzoI.1112).CL::),NsR tzo).NtIz).oc:zI,c(tz)
t~TI DIMEETON MAt~i) ‘MAVILO ) 1DIAVIICI iAMlA I~I) .KTAIZI) .ERkARI~~)t~4 0ME!~SION ft ZAhBItZI ERSORIII) 1(RRDIIISI ‘11120.12)
Ill, DIMENSION Afi0124),EUA(24),1A1131.ZI).IARSAV(1I,lZ).l(1Z)

_____ 

1151 CHARACTER AFSC.4,AATO.Z,AIIN.7,ACUb,A$D.l,M6(2l) t LA2LII3
~~i9O CHARACTER U15148.BATO.Z,BUNI7sAIOIII ,t.ARELZIT,LALC.3$3
I~~lC
~Z:t is:~:*u~ READ S SITE FILE/DEVICE CODES wci ~ ~x: I4 IS THE
122K LIRE PRINTER I IFC1 a ~~ UHICH IS TYC T APE COSIIAIMUI; I~75 DATA;
IOCIC IFCZ • 12. alIGN IS IRE FIRST SCRATC$4ILE TO STCRE :975 DATA 111
IZIIC MEETS THE FOU.OUIIC CRITERIA: fl55 t OFFUTTI STOCK-CUSS • a535
I9C NATO DESIGNATION ‘ N; ~l1STOR Y BEGIN C~TE LESS THAI 74~ ): eK
~~~

‘D

:~~~~ :FCI~u
i:-~s :FtZz:::CtIC
1210 C~ITINUE
3ZIC
~31C READ DATA TAPE AND ~ ITE THOSE RECORDS MEETING THE aS~~ CR I TERI A
131K TO A SCRATCH-FILE FOR FURTRER PROCESSING LATER

340 READ(IFC1I:.EJiII)IDI$SE,MSC,AAIO,AIII,AGL,AII,(A (I),I’1,12)
1370 C FORMATU4.ZItM,A2iR7.l831.A4.3H1.A4.701 12M)
I IF(IONSE.E.14400GO 101

139K
tONG COUNT Tilt IJIIIER Of DATA RECORDS FOR EACH A55 FOR ROTh TEARS
14 1K
4 1  NTRtIrC1)~NTRUFC ,.t

1431 IFl~ SC.RE.”~5~~.OLMTO.IE.1I .OI•A$D,CT.7OICiGQ TO I
:41K

115K COUNT 11*51 CF DATA RECORDS IFROR ~~~EC)FIC USE) MEETING CRITERIA
144K
:470 ICRUFCn’*CRUFtI .l
14$, ~ ITE(tFCZ.3I t$BASI,VSC,RATO,AI1N.ACt.PtS$v IAII) ,I’t.IZ)

ION 3 FO 1TUS.11,M,1I.AZ.tI,*7,1I~A4.Il~A4,12M)isrc
15CK 1ETU~ TO ‘1 COEIi~ ’ TO ARAB T~t MElT RECORD

1530 CD TO I

~~~
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154K
155K SHIN THE END-Cf-FILE FOR Tilt DATA TAPE S EICOI*TZE. RR~Z~ TIC
1541C NEHLY CREATED SCRATCH-FILE TO AuO~ IT TO K HERO AT A LATER POINT

157K
1511 4 RE~!%D IFCZ
159K

leNt DETERMINE IF E3TN TAPES (197511977) HAVE LEER S L V E  IEEE BCLO~1
ICLIC MD. IF SO. TRMSFER TO ‘5 COIITI11V TO PROCEED ~ IN TIC ANALYSIS

lOCK
1630 IF(IFC:.ELI3JJID.!FC .EQ.LCICO TO 5

lOOK
:65K AFTER TIC FIRST DIII TAPE (1975) us DEER SCRWlt~. REPUtE READ S
14695 WRITE FILE/DEVICE CODES ITO READ FROM 1977 TAPE MID WRITE TO I £~
167K SCRATCH-FILE) MID BETU~ TO ‘1 CONTINUE’ TO P!OCE~S SEC OttO TAPE
toUt
1691 IFCI’13
1711 IFCZsI4
1711 CC TO I
ITCIC
1739 5 CONTINUE
171K
175K AT THIS POINT. TIC DATA TAPES FOR SOIl TEARS HAVE BEER StEERED;
176K TIlE READ I UI1TE FIWBEVICR CODES IFCI S IFCZ ARE RET)~ (D TO TIC
177K INITIAL STATES (IaICATING TI~T 1975 DATA ~ILL SC PROCESSEO FIRST)
175K MD A ~~ SCRATCH-FILE 11FC3) IS IET!ILIZC (TO ~ TA!I Tilt DATA
179K ThAT lIE RET THE CETEEA OF SEASCImLITY AS ESTAZL IS)C W.OI~1
191St
1S11 IFC1s1I
:s1 :FC~ t :
1939 IFC3’IS
lI1~C
iss e co~~~z1WC
1871 HEADCIFCZ,7,E s13) IDBASE,IFSC ,AATO,A1IN,ISD_,IISD,(NIII,I’l.IZ)

1$S 7 FCIDIAT(I5,I5.*3,*$.17t15.IZIB)
189K
191(0 FOR EACH 1151 11 TIC FILE. TOTAL THE MINk DEMID FOR TIC ITU
191K
1929 01 I 1.1.12
1930 8 TOTsTOT.fl.OATIN(Ifl

194K
195CC DIVIK TOTAL MINk DEJIAND BY THELVE TO FIIN REM MINk DENL~D

194K
1,71 AVC’TOi!IZ.I
1910 101.10
199K
201K IF THE ~* DERAIl FOR THE 1151 IS ZERO. EIDUBC TillS RECORD
ZILK
2921 1F(RYC.LE.0.IICD 106
20395
20405 DETERMINE TIC NEAR DEMAND FOR EACH POSSIDLE T)~~E-CONS(CUT1Vt-
21505 MONTH PERIOD TISSUCHOUT TIC YEAR (J1140-4(M; FU-NAN-APRI ISCI
296K
2070 00 t 1.1.10
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20*0 9 t )’FLCAT Nm.NtL.l .NU.:u/3.0
219$ t111)’FLO*TIN(1t3.R (121.NIt))13.I
1101 I(IZ)sFtDITI1I12)eN(1)eNt ))/3.I
21105
IZSC TO FIND TIC STAIOANO-DCVIATIOD Of TIC DATA. FIAN (MID SCIAIRE) TIC

21305 INDIVIDUAL NOEltI DEVIATIONS FROM TIlE CAN (PREVIOUSLY COMPUTED) ,
2 1405 SUM THESE SOL~RED DEVIAtIONS . AND OLYITE B? ‘N-I’, OR EtEV~N. TO
151C DETERMINE THE VMILt’U TEN TINE THE SOUARE-IOOT Of TIC VARIINCE
21405 TO ARRIVE AT TIlE SIANDARD-CEVIATION Of DEMAND FOR EACH ITEM
17IC

Z181 01 10 1.1.12
2191 C(I)s(FLOIT(NI1))-AVC)H
::oa 10 VAR ;VAR.C(I)

~ 10 VM’VAR/lI.I
2220 STPsSORT(V*R)
2231 VAR’0.I

241C
22505 DEVELOP A coMP:DEEE-INIUvM. not*o Tilt ~~~~ AC3INC tic VALUE
ZZCIC Of OK STA~DAR0 - xvIAT:31 IJ1T To THE ~tAN IOf!ER LIMITi AND ALSO
12705 S~JBTR*CTX DIC STAIICARD-DEVIATION WRIT TO Tilt REM ~LO~ R LIMIT)
12905
2291 T1a*VG.(t.I0’SIU)
2300 Tz’Avc- :.H.ro
Z’lK
33205 DETERMIRE ~HITWER ANT Of THE h OVE CILCLUTC T1EE-MONTH AVERAGE

~~~r VALUES LIE O~TS1Dt nc cc~r:oucz REGION; :~ NOT. RE~IN to iic
13105 STATE.’?EAT ‘6 CORTIILV MD READ THE NEIl RECORD; IF SO. CO TO TIC
ZCSIC SIATOlERT ‘12 COITIMI’ WHERE THIS RECORD WILL BE COUNTED AND THEN
234K WR ITTEN 01(10 TIlE SC*ATCII-FIl1 (IFC3I FOR FURTHER ANALTES
23705
2330 00 11 :11.12
23*0 IF(B(1).CT.Tl.AN I(l).LT.T2)C3 TO Il
2490 11 CONI tCIE
~~IGC TO 4
Z43$t
2421 12 COI1TI~~244K
2459 ISR(IFCI)’$S*IIFCI)•I
2469 WRITEIIFC3. 7 113*ASE.IFSC ,AATO,*IIN.1SC1..tHBD.rn(11,1’1.12)
24’k
24505 ETi*1 10 ‘6 C3NT1~~’ TO REM TilE NEIl RECORD
219K
ZSIICCTO C
25105
25205 VIO Tilt (E~OF-F1LE FOR Tilt INITIAL ~ RITCH FILE IS ENCOUNTERED.
252?C REWIND TIC 1E11.T CHEATED SCRATCH-FILE (WC3) CONTRIENC SCASGUIDI.
25405 RECORDS TO ALLOW THIS FILE TO BE READ LATER 111111 PP3GRM
25505
1540 13 REWIND 1ft3
ZD7IC
25805 WR ITE OUT TIC TOTALS (FAN EACH TIM) THAT JIVE DEER ACW?!JLATEI
25905
2400 IF(TFCI.EI.1l)WRITUIFCLI4)ITRIII) .!D$A$t .NC*(1II .NSRU$)
lOll IF(IFCI.EG.13)WRI1t( FCI,l5)1TR(131,1D$*SE,IcR(13).NSA (13)
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2620 14 FOR1IATUI, T11R1 VERE .17s” TOTAL RECORDS FOR tASL~~5.Z63I1 IN 1975. Of JI1CW’ S. WERE )1 FSC 65P5. .lI.U.Ie.
24405 CF THESE RECORDS WERE FO(~ND TO BE SEASOII&LTM .Il/1II
2650 IS FORMT(t1.1ICRE 11EN1.17.M TOT AL RECORDS FOR IASt~.l5.Z640~ I~ :977. cc WH1CIr 15, WERE hI FIC 6515. .Il.I1,I6,
247I1 ~ 11(51 RECORDS UUE FOUND TO BE SEASOMAL .II!III)
26*05

24905 DETER1~INE IF 10Th INITIAL SC WCH-F!LES HAtE DEEM LIMIC AGAINST
27005 TIC CRITER IA Of SEASCNM.1 TT I IF SO. TRANSFER CONTROL TC STA3t~ ENT
~:ic ‘16 CONTINUE’ TO PRCCUD WITH R*THER ANALYSIS
Z705
2720 F(IFCI.EQ.13.ANL FCZ.EQ.14)CO TO 16
27405
21505 ~ TtR THE FIRST INITIAL SCRA TCH~FILE HAS BEEN LIAMIHED FCR THOSE
27405 RECORDS DE’ERMINED TO NE SEASONAL . REPLACE FI~.E/OEVCCE CODE MD
ZflK RETURN tO ‘4 CONTINUE’ TO ClInIc THE 1977 DATA SCRATCH-FILE
27*05
2190 IFCl~13
282$ IFCZ’IA
2810 IFC3’I4
28205
2*305 RETURN TO ‘6 CONTINUE’ TO READ THE REIT RECORD
28405
2250 CO TO 4
28405
2370 14 CONTINUE
2*205
28905 4’ TillS POINT. THE DATA FOR 10TH TEARS HAS BEEN LIMINED *110 THOSE
29005 SEASCUL ITEMS FOR 1975 ARE RESIOINC OW SCRA TCH-FILE FIFTEEN (15)
29105 * TIlt tlfl SE*SOIV& ITEMS ARE ON CRATCII-FILE SlITtER 1161; TiC

— 28205 TAKIOW IS TO LXN FOR THOSE STXX 10IIDERSI*~!OI OCCUN FOR 10Th
19305 YEARS (LI  FIND THOSE NS$’S THAT W~~ SEASONAL IN 1975 6 1977)
2941C
2959 REM(IS,7,EIP’99)JA,J1.**TO.*hIN,Jt $. lN(I)~1’l.12)
2961G3 10 18
Z~~~~I 17 COITlIC
29*9 RE*D( 16,7,Ell0’99)I(A,lCI,IATO,IIIN,It,KF, (K(J) .J’1.1Z)
2999 18 CONTINUE
ON. IFIBIILLT.IIILCO 10 17
30:0 IF EII.CT.IIIECO TO 14
30205
39305 OILY THOSE STOCX-V)JSERED lIENS WHICH MERE SEASOPIL FOR BOTH TEARS
~04IC FlU. T1IDOJCH THE MOVE TWO ‘IF’ STATUCNTS 1110 ME lOll COUNTED AND
31505 PROCEED ON TIIIOUCH TIC PROCRAR WERE VAN lOWS FORECASTING RETJIODS
306K W1LL BE E?PLOTEDIEIMIHED FOR TICIR AIILITT TO RESPOND TO TI(
30705 SEASONAL VARIATIONS PRESENT WI THIN Tilt DATA

— 30105
3090 MICHS’MATCHS.I
31005
311K THE FIRST FORECASTING 1(11100 LIMIREC IS Tilt T1(LVE-MONTN MOVIE-
31205 AVERAGE- --THE CORNOIT 1(1)101 EMPLOYED WITHIN TIC U.S. AIR FORCE’S
31305 1(01CM. JITERIEI.. IMICEJUT SYSTEM UO0~~~I THIS HETNOD DASICILLY
31405 PREDICTS 1(11101111’S EIIMD AS TIC AYEHC( (1CM) Of tIlt THELVE
3 51C PHEtERIENC lOINS DElIS FOR TiC 11111
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31605
31705 THE NEIl THREE ‘00-LOOPS’ AC~~UUTE TIC HISTORICAL EMAID FOR TIlE
31W lIEN OVER NE PREV IOUS THaVI-IIONTHS COlSIJ$~TION hISTORI ADVANCTNC
31905 ONE NORTH EACH INCREMENT FOR EACH FORECAST PERIX liii DROPPING TIC
3 01C OLDEST ITHIRTEEITH MONTH REMIND) DATA ELEMOIT SI~JLTAEOJ2LY
3 11C CLOSE ATT ENTIO N IS CALLED TO THE ‘DO-LOOP’ INDICIES TO I1CCOIIPUSH
32205 THIS TWELVE-MONTH FOREWARD-MOV INC FORECASTING TECWIIQU(
32300
3240 EMRMAsO.0
2259 20 ~ I’t,lZ
3261 EIIAVCI):0.I
3271 00 19 J’i,IZ
3280 19 MI1)’N*(!)s41(J)
2290 !F(1.EO.I)C,~ TO 1
3300 I’ll-Ill-I)
3310 00 2* K’ .L
2228 20 MA (I)zIlA(tl.N (NI
3330 21 M I ’FLOAICMI flI IIO.I .I.S
3340 r.~~I~~0
33500
33405 THE AC1~AL NI~NTHLT DEMAND )FOR EACH MOIITH CF 19773 IS PO~ CO~~ ARED
33700 ~JITh THE FORECASTED VALUE FOR THAT MONTH, THE DIFTUEECE BF~IEEN
33300 THE T’.~O SEARED , ACCINIULATED. NIB BIV IXO IT THELVE TO ARRIVE AT
33900 THE ‘1CM-S~~ *RtD-ERRO* ’ CR ‘1155’ FOR TIC TEAR I THIS ASE GIVES

34400 Ia INDICATION Of ‘COO*ESS-OF-FIT’ OF THE FORECASTED VALUE TO
4105 THE *CTTML DEMAND OICOVEERED FOR (1011 RESPZCT tt 110114
242*0
3420 22 E~~~I ’EM*V I:.FLOATInw~ I~-NtI~~..21

0023 Ist,I2
2*50 23 ERNMA~(R*M EMAV ( I)
3460 E~~A’ERR1l*/ 12.0
3470 VALLC’I.O
34*1 IS*VE’0
34900
35W TIC 1(11 IVO FORECASTING TECNDICUES USE A SMDOTNIE-CONSTAIfl KIIOUI
35110 AS ALPhA TO WEIGHT NE VARIOUS FACTORS IN THEIR COM?UTATIONAL EONS
35200 T)UUORE. WE CEICRITE, AT THIS PENIt NINETEEN VAU~S OF ALPHA $
3!05 BETA (1-ALPHA ) FROM ALPHA ill S TO ALPHA ‘0.95 II 055 INTERVALS
35405
2550 ~~~ 24 I’1~I9
356 VALtlt’VN..UE~I.I53570 A1JHA(I)’VALUf
35U 24 DETA(t)’t.0-AL?HA( I
3590 *Vc3’IFLOAT l(1).M~ ).MI3)l/3.0l
3440 N10LD~ 0NIUIN.034105
36205 TiE XUILE-EIPOIUIIAL-SHXTI4INC 1(11(01 MILl. IC LIMIER NEST;
36300 TNt COANUTAT IOIIS FOR TiltS METHOD ARE ‘HESTER’ ETNIN Al OUTER ‘ON-
36405 LOOP’ UIID( ALLONS THE ENTIRE LE-EIPOIDTI*L-SMOCT1IIE (NOD
34505 TO IC REPEATU NINETEEN TIM(S••.OIC( FOR £1011 VALI~ Of ALPHA Tilt346*0 WAS PREVIOUSLY COIUATED
36705
348$ 00 26 I’t.ltr 1490
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37090
~7100 THE TEfl CF THIS R~ CRT £1P03(0S LPON TIC PRCCE~~Z EMPLCYEZ BY
37200 THE DOLILE-EXPOIOTSAL-SMOUTIII*C HETHOD-•-SUFFICE IT TO SAY HERE
37300 THAT THE VALUE ‘U’ IS TIC SIN LE-EIPONEEIAU.Y-S!TOUTlCO VALUE
31440 ~ 1T IS PLACED IN TIC ‘DI’ EQUATION MItRE IT IS SMOOTHED ACAINT
3?’05 TIE VALt~ ‘U’ IS NOTHING lO2~ THAN LI ‘INTECER4OR$ATTED’ COP! OF
37600 THE VALUE ‘02’ THAT IS NOT RETAINED UNTIL THE PROGRAM WAS A3V1*0ER
3~ $C :T!aF THROUCH TilE 1975 DATA MD IS FCREC&STtt~C 1977 DATA. AND IS
37100 3)J2~2RIPTtD TO RETAIN THESE VALUES FOR *L~ VAL~JES OF ALPHA USED
:1905

3500 00 25
3810 !FCJ.EC.1 UIJI’ ALP$AU1.R.CAT MIJ 1IfleIEETAU:’1VC3
232* IF(J.EQ.1 DZ(J)’t12.PHAU)IEX (Jl ).totTA~:1Mvo3)
3830 1F(J,E2.I)CO TO 25
2814 IF(J.LE.tlItItJlstAt?Il*t )

~fl..OAT~’TlJe2))l,(E1A(I)’UtJ-1h)
3350 IF(J.CT.11)UUIz NJH1WsFLOATtaL~-1l) )).IflT&(IIIU(J-IU
2840 DXIJ)’IM.PTIALI),fl(Jl).(RETA (II$DZ(J-l))
3870 1F (J.CTi)tZ(I.J-91z01(JI,0.S
3851 IF(J.CT .93 ERNOR(1)’tRROR(1).(FLCATII1{t ,J~il-NlJ-9)),I2)
3890 25 CONTINUE
3900 £flDlL1)’ERRCR(fl112.0
3910 IFIE RCXUI.LT.AIIOLDIISAVE’I
290  IFIERROIII).L1.*HOLDIA IJ’ESRDI I)
3931 24 CONTINUE
3914 ALPHOP’O.ISIFLO*T(ISAVEI

3950 KSAVE 4
3964 ~4~J*~ftfl~j$3
39700
39150 .45 OTJTUICD h THE TEXT. TIE ADAPTIVE-RESPONSE METHOD IS A FORTh CF
3190C EIPCRENTIAL SMOOTHING. TiC PRINCIPAL DIFTEREICE TEING THAT TIE
40010 ‘ALP~’A’ TERM IS USED NORM.! TO ~E1GNI TWO ‘ERROR ’ Tt~(S. UIICH
40100 ARE USEOt IN TURN, ID COOFUTE A TRACIING-coEcvIC:ERT MIIICH IS TIER
402*0 USED TO WEIGHT THE FORECASTIJIC ~ 4ATIO N. AS OPPOSED TO X!NG THIS
4,305 MCC~ tIC DIRECTLY WITH * FIXED L..PMA; THIS METHOD. AGAIN. IS
$0400 ‘NESTED’ WITHIN Al OUTER ‘00-LOOP’ TO EXAPIE TIE METHOD FOR EACH
40500 AVAILANLE VALUE OF ALPHA; ‘IAN’ IN THIS 1(1110 0 CO~~~ SPONDS TO TIE
40400 VALUE ‘IX’ USED IN TIE XUILE•UPO1(ITIAL-S)IORTWINC 11(1)100
40700
408000 100 %‘1v19
40°f IROXsO.5
41$ £~~R’0.0
4110 ERRANIK) ~~~~
4128 1*IK.I)’AVt3
413* 00 21 I’I.8
4110 IF(I.LT_ 13)IFERNR’M(I)-I*RIN,t)
4150 IF 5.ED.IUF~~~’lFl.OATt1UH40.I,Ij
4160 IPII.CE.13)1F~~*4II~12)-1aRlX,I) -

4110 ZFEROR’!AIS(I Il
1100 IF(I.L.I.13)I*RtX.1.Ut(TRCX.ftO*TUI(I)l)e!U—TRCK).FLOATII*R(K,I)))
419* IFU.~~.:3 IANtK,!•D’flIONIfl.OsTCNU—1Z eII1—TR ~

) IP_O*tu*R(K,I)l)
4200 !f .ELI)EWA(IIS1MIHAI*9fLOAT (1FtRhtI)
4210 IFU.(Q.1 MEI)’*PHAE.ftOATc;FERORII
$220 IFU. EO.LI CO 1i3 27
4230 AMVII)’ ALPhAIK) fLO*T(IFEICIII)4(ICl*tX)I*ANt1—1)1
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lZtI (M*(E)’L~~ ,t:.O
4~ I IF ~E~~AR (k3 .LT.1$OUIkS*V~sk
4M !FtERIM(K .L’.sH~.OII~OIJ.(cRulK~111 cc~r:u
~::o *~J~~:o.C,rLoArt xsAvEI

4341C ~T THIS P1111. AU. MU !.E1)IOVS OF F~ E AS’iIC H*Vt t!!JI E!&~W(O
1351C M~ TICI~ AS5~ 1A1t~ ~~Ltk5flK L~~ TE1PS :~SLi VILL IOU U
4:8K cotw~ou TO ~c i:”.~ t~oi.-.~uai CO~~S?OCS To ~i4’~K ~t~*Tt P~ThOO OF FOItCETIIC FOF fliT PMTICULM CIII
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COMPUTER PRODUCTS , NONSEASONAL (WHITEMAN)
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