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I. INTRODUCTION AND BACKGROUND

A?\\fntroduction

This is the final report of a one-year project (Contract
No. DAAG39-77-C-0095 Department of the Army, Harry Diamond
Laboratories), undertaken in June 1977, to develop improved
forecasting procedures for Order Ship Times (0STs) and updating l
procedures for inventory control requisitioning objectives
(ROs) for direct support units (DSUs) of the Army's Direct
Support Unit Standard Supply System (DS4). The study has con- 1
sisted of a review of the current status and practices relating
to these two aspects of inventory control, the development
of alternative candidate procedures for OST forecasting and
RO updating, the evaluation of these alternatives utilizing
actual OST and demand data from sample DSUs, and the development
of recommendations for OST forecasting and RO updating. The
report presents the summary and conclusions in Chapter II, a 1
detailed discussion of the methodology used in the study in
Chapter III, the detailed results for sample DSUs in Chapters
IV and' V, the analysis of results in Chapter VI, implementation
considerations in Chapter VII, and the detailed analysis of /

RO-updating procedures in Chapter VIII. Appendices giving tech-

o

nical results and detailed data are also included. 4
. ‘
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B. 0STIs In The Army Logistics Systems

This section briefly discusses the concept of the Order Ship
Time (OST), the importance of obtaining accurate forecasts of the OST
when requisitioning replenishments for the DSUs of the Direct Support
System, currently prescribed techniques for estimating 0STs, and recent
studies on improved OST forecasting techniques and the benefits ex-

pected from such improvements.

1, Order Ship Time Defined

The Order Ship Time (OST) is the actual time elapsing in days
between the initiation date of stock replenishment action for a speci-
fic activity and the date of recording of the receipt by that activity
of the material on the requisitioner's inventory records. 2 The
U.S. Army DARCOM Logistic Control Activity in San Francisco maintains
a computerized tracking system for Army supply and transportation actions
called the Logistics Intelligence File (LIF). Each segment of the OST
for a requisition is recorded in this file. From this information,
monthly Direct Support System Performance Evaluations are issued. These
show the average pipeline segment processing time for all segments of
the OST for re-supplying Army activities throughout the world. Break-
downs are given by requisition priority classes and by surface and air

replenishment.

2. Importance of Accurate OST Forecasts

The timing of replenishment requisitions depends on the estimated
OST for the particular path the requisition must follow. The requi-
sition must be placed early enough so that during the time required

2 DOA AR 710-2, C 4, Inventory Management, Paragraph 3-28-b, May, 1977.
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for its processing and the replenishment quantity to arrive, there
will be sufficient inventory still at the requisitioning point to
prevent excessive stockouts. The inventory level at which a requi-

sition should be placed is the Reorder Point (ROP), given by:

ROP = Average Demand During OST + Safety Stock

The Safety Stock may be decomposed into a Safety Factor and the
Standard Deviation of demand during the forecasted OST:

Safety Stock = (Safety Factor) X ( dEdniard Tviation Of) (1)

Demand in Forecast OST

Safety Stock is required because the actual 0STs vary un-
predictably around the forecasted value. If the ROP were set equal
to only the average demand during the OST, stockout conditions would
be expected on about half the requisitions, which is too frequent.
Hence a Safety Stock margin is added to the expected demand during the
OST.

From Eq. (1), a Safety Stock based on a poor forecast of the OST will
result in an actual Safety Factor considerably different from the
desired Safety Factor, and hence a Demand Satisfaction percentage con-

siderably different from the desired level.

Accurate forecasts of 0STs are necessary not only to control
Demand Satisfaction at the desired level, but also to achieve this
level at a low inventory investment. This may be seen from the

following relations:

Average Inventory Level = 0.5 Order Quantity + Safety Stock

: Safety Standard
0.5 Order Quantity + (Factor) X (Deviation)

or

Average Inventory Level - 0.5 Order Quantity
(2)
Standard Deviation

Safety Factor =
The Standard Deviation depends on how accurately the OST and the
demand rate during the OST can be forecasted. An accurate forecasting
technique for O0STs will reduce the Standard Deviation, thus achieving
a given Safety Factor and Demand Satisfaction level at a lower required

inventory investment.

e ———— - ~——————p < v - - —
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3. Forecasting Methods for OSTs

With hundreds of OST forecasts required almost continuously
by Army units such as DSUs, it is inevitable that a detailed and
sophisticated forecasting technique cannot be used in each case.
Instead, a technique based on past OST history, modified by any
new intelligence that can practicably be incorporated into the

forecast, must be used.

Prescribed techniques for estimating OSTs have been as

follows:

a. In the first edition of the Army Inventory Management
Manual (AR 710-2, October, 1971), 0STs for each material
category in the Authorized Stock List (ASL) were calculated
as the average elapsed time of the most recent six replenish-

ment transactions for a representative 5 percent of ASL items.

b. In the latest version (Change 4, May, 1977) of AR 710-2,
Direct Support Units calculate OSTs quarterly as a random
sample of 10 percent of all requisitions for "ASL items
completed during the quarter (excluding high priority re-
quisitions and those affected by delays), without regard

to materiel category.

c. The currently proposed method of forecasting 0STs in the
Direct Support Unit Standard Supply System (DS4) is to use
individual item 0STs, based on the arithmetic average of
the most recent six replenishments, excluding high priority
requisitions. The DSS Standard OST, applicable to the DSU's
geographical location, may be used until sufficient O0STs

can be compiled and the average OST computed for an item.




The average OST recorded will be automatically com-
pared to the OST of each shipment of like items received.
Thoge OSTs beyond an allowable percent of variation will
be identified as candidates for exclusion in the OST

computations.

Shortcomings of the above techniques have been recognized,
and several studies have been conducted on alternative forecasting
techniques for 0STs. Recently the Logistics Control Activity at
the Presidio analyzed the frequency distribution of 0STs and con-
cluded that use of an average OST value was undesirable because of
the undue influence of outliers. & Instead, it was recommended
that for DSS inventory management, the median OST value rather than
the average value be used, and that thereby overstockage at the DSU

would be minimized in the long run.

The DRC Inventory Research Office in Philadelphia has com-
pleted a study on the forecasting of 0STs for CONUS depots and found
that OST forecasts by groups of items were more accurate than for
individual items, although in some cases a weighted average of the

group and individual item OST forecast was desirable. 2

Further investigation of using individual item 0STs versus
group OSTs has been carried out in the comprehensive RIMSTOP studieé é-.
It was found that there was little difference in results between the
two methods of forecasting 0STs. However, the specific question of how to

improve the forecast of individual item OSTs was not addressed.

The above summary of prescriptions and studies of OST estimation
makes clear the need for this present study on specific comparisons of
0ST forecasting techniques and the effect of forecasting accuracy on

inventory system performance.

2
= U.S. Army DARCOM Logistic Control Activity, DSS Distribution Analysis

Study Program, FY77.

2 Kruse, W. K., Forecasting Order & Ship Time for CONUS Depots, DRC
Inventory Research Office Report No. 238 (Phase 1)), June 1977.

2 Joint DoD Retail Inventory Management and StockagePolicy (RIMSTOP)
Working Group Report, Vol. III, Part 2, Pages IV-22 to IV-28,Sept.1976.
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IT SUMMARY AND CONCLUSIONS

The two basic objectives of the present study were 1) to develop
improved OST forecasting techniques and 2) to develop improved ROP and
RO updating procedures. The first phase of the effort was concentrated on
developing the OST forecasting techniques, then the question of ROP/RO
updating was analyzed. In this way, it was possible to consider a spe-

cific OST-forecasting model when carrying out this latter analysis.

A. O0ST-Forecast Models

A number of alternative candidate OST-forecast models were developed

for evaluation during the study. These included the mean (OSTN), median
(0STM), and mode (OSTMO) of a sample of historical OST observations, the
mean of the OST observations occurring in a specified past time period
(OSTT), the mean of the (variable) number of OST observations necessary

to produce a specific forecast accuracy of the OST mean (OSTNE), adaptive
single exponential smoothing (OSTES), adaptive double exponential smoothing
(OSTDES), and least-squares regression (trend) line (OSTR). Also, periodic
update versions of OSTN and OSTES were developed (OSTNP and OSTESP). These
models are specified in greater detail in Section III.A.

B. OST Data Base

In order to evaluate the candidate OST-forecast models, two sample
DSUs were selected. These were both Divisional DSUs, one in CONUS and one

in Europe:

CONUS Divisional DSU: 704th Maintenance Bn.

EUROPE " o 703rd Maintenance Bn.
These two large DSUs have a wide variety of types of items and materiel
classes, adequate to provide a good basis for evaluation of the alterna-
tive forecasting models. The selecting of the European DSU made it possible
to evaluate the performance of the models on ALOC-requisition data, a unique

feature for overseas DSUs.




The basic OST data were obtained from :he US DARCOM LCA Logistic
Intelligence File, both active and retired. This resulted in about a
one-year period of 0ST-data from about mid 1976 to mid 1977. For each
sample DSU, requisitions were grouped by item (NSN) and those items se-
lected that had at least 6 computable (completed) requisitions. Only ASL
routine priority requisitions were selected, and CONUS requisitions having
OSTs greater than 100 days and European requisitions having OSTs greater
than 150 days were eliminated. This provided a comprehensive data base of

0STs for both the domestic and overseas DSUs.

C. OST Item Groups

It was found that the principal factor for the classification of ©5Ts
into homogeneous groups was the cognizant National Inventory Control Point
for supplying the items. This is indicated in the LIF by the Routing Indi-
cator Code (RIC). The OST characteristics showed considerable variation
for the various RICs. Some RICs however, showed no statistically signifi-
cant differences among themselves. A '"clustering' technique was developed
to collect such RICs into homogeneous RIC-groups which then formed the OST
item-groups for use in generating OST forecasts fcr items within the group.

This procedure is discussed in more detail in Section III.D.

D. Item/Group OST-Forecasting Classification

The formation of OST item-groups does not necessarily mean that all
items within the group should be forecasted by using only group 0STs. It
was found that within an item-group some items had statistically significant
different OST characteristics than those of the whole group. These items
could be better forecasted by using only their own historical 0STs or some
kind of combination of the group and item OST forecasts. Based on the
number of OST observations in the data base for the item-group, their mean
and standard deviation and these same quantities for an individual item, it
was possible to develop an expression. for the expected item OST as a probabil-
ity weighting of the group and item mean O0STs. This was compared to other
weighting schemes proposed in the past and with a scheme developed in this

study for classifying an item as either group-forecast or item-forecast.




As a result of this analysis (see Section III.D) it was concluded that
item/group-forecast classification was essentially equivalent to the
"expected-value" procedure, whereas the other weighting scheme resulted

in significant deviations from this procedure. It was concluded that the
item/group-forecast classification procedure provides a simple and effective
means of determining whether to utilize an item or group forecast for a

particular item.

E. Forecast Error Evaluation of 0ST-Forecasting Models

A first screening of the candidate OST-forecasting models was based

on measures of total error of the OST forecasts. This measure was the
root-mean-square forecast error, RMSE. This measure does not take into
account explicitly the effect of forecast error on the performance of the
inventory control system in which these forecasts are used, but is a
strictly statistical measure that would be expected to be larger for gener-
ally poor forecasting procedures and smaller for better procedures. In
order to evaluate 0OST-forecast model performance as indicated by this
measure the models were applied by means of a simulator/evaluator to random
samples of 0STs selected from the principal RIC-groups of the 2 sample DSUs.
Based on the RMSE values obtained in these simulations, it was concluded
that for both DSUs the five models (not in priority sequence):

OSTN

0ST™M

OSTT

OSTNE

OSTES
were the most promising for further evaluation with respect to inventory
effects of OST forecast error. These analyses are discussed in greater
detail in Section III.E below.

F. Evaluation of Inventory Effects of 0ST-Forecast Error

To evaluate the inventory effects of 0ST-forecast error it was ne-

cessary to select item samples for each DSU and determine the individual




item and overall sample inventory effects of the five above (screened)
candidate 0ST-forecast models. These effects depended on the forecast
error statistics for the alternative models and the item parameters
(inventory holding cost rate, fixed requisition order cost, and safety
stock coverage period).

Inventory effects of the alternative OST-forecast models were measured
in two ways: 1) comparison of the resulting average inventory requirement
and demand satisfaction rate with those resulting from a perfect OST-
forecast, and 2) comparison of a single measure, a normalized increase
in inventory requirement over that for a perfect forecast. The technique
used in this study for obtaining this normalized single performance measure
of the inventory effect of a particular model was to adjust the value of the
safety stock coverage period until the demand satisfaction rate for the
model was equal to that for a perfect forecast, then determine the required
increase in inventory necessary to accomplish this. This was done for
individual items of the samples and for the samplé as a whole, for each
sample DSU (see Section IV.D and V.D).

It was found that composite ranking for individual items in the samples
and for the samples as a whole, were consistent with each other and for

both DSUs. This ranking was:
0ST-Forecasting Model

Rank CONUS _DSU EUROPEAN DSU
1 OSTES OSTES
2 OSTNE OSTN
3 OSTN OSTT
4 OSTT 0STM
5 OSTM OSTNE

Only OSTNE shows a significantly different sequencing. Although it was
possible to rank the 0ST-forecast models, the differences of inventory

effects among the models was not found to be very great, of the order of
1% to 2% of the perfect forecast inventory requirement. This meant that
implementation aspects of introducing the models into the DS4 system are

important in the final selection of a recommended model.




G. Improved OST-Forecast Error Measure

In the present study a two-staged evaluation procedure was used.

The candidate OST-forecast models were first screened by using general
statistical measure of forecast error from actual OSTs (RMSE) and from

OST mean (RMSE'). Another such statistical measure of error frequency used
is the Mean Absolute Deviation (MAD) which was calculated in the present
study but not found to be a consistent or useful measure. Then the screened
models were subjected to a more refined analysis based on inventory effects.
It would be very desirable to have a general statistical measure of OST
forecast error that would correlate closely with the ultimate resulting
inventory performance.

It was found (see Section VII) that the effect of forecast error on
inventory performance may be decomposed into the effect of forecast bias
(mean forecast error) and standard deviation (or statistical variance) of
forecast error. The effect of forecast bias was found to be very slight
since its effects can be almost completely eliminated by a compensating
adjustment of the safety stock coverage period. The inventory effect
performance of the models correlated almost perfectly, for both individual

items and the entire item samples with the standard deviation (or variance)

of OST forecast error.

Thus it was concluded that the use of the statistical variance as a
measure of OST-forecast error provides a reliable indicator of
the inventory effects performance of an 0ST-forecasting pro-
cedure. This makes possible a much simpler evaluation of alternative
such procedures, based on the relatively simple forecast error evaluation

techniques used in the initial screening of models in the present study.

H. Implementation Considerations

As indicated imn Section F above, the final selection of a recom-
mended OST forecasting model depends on the relative ease with which they
may be implemented and utilized in the DSS system. It was found (see
Section VII.A-E) that all models except OSTES would require relatively large

(and sometimes variable) OST data base storage requirements. The model

10




OSTES, on the other hand, in addition to showing the (slightly) best
overall performance requires a data base of only 3 elements for carrying
out the OST forecasting procedures. Thus it is concluded that the OSTES
0ST-forecast model is clearly to be recommended among the alternmatives

considered in the present study.

I. Reorder Point/Requisitioning Objective Updating

It was found (see Section VIII) that the primary inventory effects
of alternative updating procedures relate to the reorder point (ROP) rather
than to the requisitioning objective (RO). Current Army policy is to up-
date both ROP and RO at the time a requisition for an item is placed - that
is, when the inventory position of the items falls to the ROP calculated
at the time of the previbus reqdisition. This value of the ROP may be quite
different from the most appropriate value, the one recalculated for the
present requisition. This means that this requisition is placed when the
inventory position is too high or too low, both cases having undesirable
inventory or service effects. The RO calculated at this time is the appropri-
ate value to use in determining the requisition order quantity and there is
no necessity to update the RO itself during the interim between requisitions,
as is more necessary for the ROP as discussed above.

The formula for updating the ROP is very simple and in a computerized
system there is essentially no cost, time, or effort in updating this value
at the time either the demand forecast or OST forecast (the two forecasts
on which the ROP and RO depend) is updated. Consequently, it is recommended
that the ROP be updated whenever the demand or OST forecasts are updated,
and the RO be updated at the time a requisition is triggered by the ROP.

In this way, the requisition will be triggered at the most appropriate in-
ventory level, and the RO is recalculated only when it is necessary for de-
termining the requisition order quantity. However, with essentially no
additional effort the RO could be updated at the same time as the ROP so
that both of these control levels could be maintained at their most ap-
propriate current values at all times, as might be desirable if the ROP

and RO are included on any inventory control reports or listings that may

be generated in the system.

11




J. Summary of Recommendations

) o

Utilize RIC-Groups based on OST data in the US DARCOM LCA/LIF
to define OST item groups.

Apply the item/group-forecast criteria developed in this study

to classify items as item-forecast or group-forecast.

Utilize the OSTES OST-forecasting model for generating item

and item-group OST forecasts.

Update ROP whenever the demand or OST forecasts are updated, and
update the RO whenever a requisition is triggered, or simultaneously

with the ROP update-whichever is most desirable from an implement-
ation standpoint.

Utilize the statistical standard deviation (or variance) of 0ST-
forecast error as a measure of the inventory effects performance

in any further evaluations of OST-forecasting models.

12




ITI. DETAILED METHODOLOGY

A. Forecast Models

Ten basic alternative OST forecasting procedures (models) were

developed for application to any time series of OST observations:

OSTN:
0OSTM:
0STMO:
OSTT:

OSTNE:

OSTES:

OSTDES:

The average of the last N OST observations

The median of the last N observations

The mode of last N observations

The average of the OST observations occurring in the
past time period T. This procedure includes both upper
and lower limits on the number of observations to use in
computing the OST forecast. Thesé are determined by
specifying lower and upper limits, respectively, on the
error with which the mean OST is estimated by the model.

These errors, together with the statistics of forecast errors

generated by successive forecasts, are used to calculate
the upper and lower limits on the number of required OST
observations. If the number of observations falling in

the previous time period T lies between these limits then
this number of OSTs is taken to compute the average.
Otherwise the upper or lower limit number of OST ob-

servations is taken.

The average of the number of past OST observations
necessary to give a specified error (eg., 5% or 10%)

in the forecast of the OST mean.

Simple exponential smoothing of successive OST obser-
vations, with the smoothing constant automatically cal-
culated to give a specified error in the forecast of
the OST mean.

Adaptive double exponential smoothing of successive O0ST
observations with the smoothing constant taken(within
specified limits) equal to the tracking.signal. and
corrected by a specified fraction of the trend and lag

correction.

13




OSTR: The one-step-ahead 0OST value based on a linear least
squares regression of the last specified number (N)
of OST observations.
In order to investigate the effect on forecast accuracy of updating
the OST forecast periodically rather than for each OST occurrence, the

following two models were also developed:

OSTNP: For each period of specified duration (eg., weekly,
monthly, etc.), the average of the last N OST obser-
vations. This is similar to OSTN except for periodic

rather than ad hoc updating.

OSTESP: For each period of specified duration, the adaptive
exponentially smoothed value of all OST observations

occurring in the preceding period.

The above OST forecasting models are described in detail in the

following technical memoranda submitted during the project:

"OST Forecasting and Evaluation Models', R.H. Davis, 8/18/77
"0ST - MODE Forecastfng Model", R. H. Davis, 10/17/77
"Least-squares Trend Line 0ST-Forecasting Model", R.H. Davis, 10/28/77

These memoranda contain listings of the FORTRAN computer programs

developed to evaluate the models. Updated listings are given in Appendix H.

B, OST Data Base

The basic source of the OST data used in the present study was the
(active and retired) U.S.Army DARCOM Logistics Control Activity's
Logistics Intelligence File. These files give a computer-record image
of the origin, intermediate status, and completion of each requisition for
stock replenishment by units (DSUs) of the Army's Direct Support System
(DSS). The data elementsincluded in these records are given in Appendix A.
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All such records for 2 sample DSUs:

CONUS -
704th Maintenance Bn. DODAAC A5110F

EUROPE -
703rd Maintenance Bn. DODAAC AK4912/WK4GEA

were provided by LCA on magnetic tapes generated from the current

active and retired LIFs. These tapes were copied and converted to (SRI's)
CDC - 6400 machine readable form for further processigg. During this
conversion the requisition records for each sample DSU were sorted by ori-
gination date sequence within NSN sequence. O0STs for each completed re-
quisition were then calculated as the difference between the master inventory
record post date MIRP for the first record segment (first receipt of

material by the DSU) and the requisition origination date (RQNDT). Next,
only those items (NSNs) on the Authorized Stock List (ASL) having at least

6 computable requisitions, and requisitions having routine priority (9-15)
were selected to provide the data base of requisitions to be utilized in the
study. For each such item the mean (aveage) and standard deviation of the
0STs for all requisitions for that item were calculated, as well as these
same statistics over all requisitions for all items for the DSU. Histograms
for the set of all requisitions for the DSU were also developed. In addition
to the OST statistics for each item, the average daily demand rate (units/day)
for each item was calculated by dividing the total quantity requisitioned for
the item by the difference beween the earliest and latest requisition date.
This demand rate was extended by the unit price (UP) in the record to give a
$-demand value for each item. This value is an important item parameter in
selectiqn of an item sample for the purpose of determining the inventory ef-

fects of OST forecast errors.

C. Item Groups

Typically, items in the data base have relatively few completed requisitions.

The time spanned by the data base was about a year, so that the number of
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requisitions per item ranged between 6 (the lower limit considered) and
15 or 20, more usually between about 8 and 12. This indicates that the
number of requisitions of an item occurring in a relevant historical time
period constitutes a relatively small statistical sample for forecasting
future 0STs. Consequently, it is of interest and importance to determine
groupings of items into homogeneous item-groups having essentially the same
OST characteristics, in order to provide a better data base for forecasting
individual item OSTs.

Data elements in the LIF that might be expected to be related to the
selected OSTs for a particular DSU are:

Routing Identifier Code (RIC)

ALOC Indicators (ALOC)
Shipping Depot (DEPOT)
Mode of Shipment (MODE)

Another factor that might be expected to be significantly related to
an item's OST characteristics (suggested by Dr. W. Karl Kruse of the U.S.
Army Logistics Management Center) is the likelihood of a DSU requisition
for the item encountering a backorder condition at the wholesale supply
level. Army ICPs set item availability levels according to a formula that
involves the unit price of the item and the average requisition quantity
submitted to the ICP for the item. A DSU can estimate this quantity based
on its own requisitions for the item. Since DSU requisition quantities are
based on an EOQ calculation, it can be shown that the combination of unit
price and requisitioning quantity occurring in the availability formula
reduces to a dependence on the unit price times the DSU demand rate for the
item - that is, the $-demand value for the item. An analysis was made of
the relationship of item 0STs and this item parameter value to determine
if it might be a fruitful item characteristic to use for item classification.

It was concluded that this is not the case.* This result is perhaps not surprising

-

%

A more detailed description of this analysis is given in the memorandum
"The Use of Demand Value as an OST Item Group Criterion," R. H. Davis,

3 March, 1978.
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since backorders occur on only a small fraction of an item's requisitions
and when they do occur the incremental time added to the OSTs is only the
final portion of depot's OST from its source of supply.

Returning to the item classification factors listed above, the RIC
indicates the cognizant DOD National Inventory Control Point to which the
item is assigned and through which the item's replenishment requisitions are
processed. The ALOC indicator signals those requisitions that are to be
routinely shipped by air from CONUS depots to overseas DSUs. DEPOT indicates
the identity of the depot from which a full or partial shipment of a requisition
quantity is shipped. MODE indicates the primary mode of shipment from the depot to the
DSU. By sorting on MODE within DEPOT within RIC within ALOC for a particular
DSU, and developing OST statistics at each level of aggregation, it was de-
termined that differences in OSTs for different MODEs and DEPOTs were sta-
tistically insignificant. However, such differences for differing RICs and
ALOCs (applicable to only overseas DSUs) were significant. Nearly all over-
seas Class IX Repair Parts items were phased onto the ALOC system at about mid-
period in the LIF OST data. Since this is the situation of interest in the

future, only ALOC requisitions were considered for the overseas DSU.

For each RIC the requisition statistics (number, mean, and standard deviation)
for each sample DSU were computed. Utilizing these statistics, the RICs for
a given DSU were grouped into RIC-groups, among which there were no statistically
significant difference in 0STs. These RIC-groups then formed the basic item-
groups for forecasting OST. The basic criteria for "clustering'" RICs into
RIC-groups were that they have OST means whose practical or statistical dif-
ferences are insignificant. Symbolically, letting

N1 = the number of OST observations

(requisitions) for a RIC

il = the mean OST for that RIC

cl = the standard deviation of 0STs for that RIC

and NZ’IiZ’ 0, be the corresponding quantities for another RIC,

2
the differences in the 0STs for two RICs were considered to be insignificant
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2 5 2 - o
Xl - Xz < 2.5 days
or
l il i iz l <
~ 1.65
o}
where

2 2
o= \/(ol /Nl) * (o, /Nz)

The clustering procedure was as follows:

1. Select the RIC having the largest number of OST
observations (N)

2. Apply the cluster criteria to this RIC and each of the other
RICs, and group those RICs satisfying the criteria into a
single RIC group

3. Eliminate these RICs from further consideration and repeat steps

1, 2, and 3 until all RICs for the DSU are grouped.

18




D. Item/Group Classification

The grouping of items into RIC groups is for the purpose of generating
OST forecasts for those items within the groups that have an insufficient
number of observations to yield a statistically significantly different
mean than that of the RIC group. For such items the group forecast can
provide a much more timely and adaptive indication of an item's current
and future OST than a forecast based on only the item's historical 0ST
observations. This is particularly true for slower-moving items that have
low order frequencies (e.g. once or twice per year). If only item-fore-
casts are utilized, such items would have their forecasts updated corre-
spondingly infrequently. On the other fiand, the group forecast,
based on much more frequently occurring OST observations, provides much
more timely and adaptive forecasts(for those items having essentially
the same OST characteristics as the group) during the possibly lengthy
interim between OST occurrences and updates of an individual item's fore-
cast. For example, if an item at an overseas DSU has a replénishment re-
quisition placed and delivered before converting to ALOC status and the
next requisition is placed after this transition, the item OST forecast
for the second requisition would be based entirely on pre-ALOC OST obser-
vations, which could lead to a substantial error in the timing of this
requisition, through the erroneous ROP, as well as in the order quantity,
through the erroneous RO. On the other hand, group forecasts would have
been made frequently during the transition of items from non-ALOC to
ALOC status and would have adapted continuously to the changing OST values,
thus providing a more accurate OST forecast for the second requisition
for the item. This is true as long as the OST characteristics for the item
are insignificantly different from the group. Consequently, whenever
warranted it is desirable to utilize group rather than item OST fore-
casts. However, if the OST observations for an item give a mean
that is significantly different from the group mean, then forecasts based
on the item 0STs would be more accurate than those based on the group. Con-

"group-forecast" or "item-forecast"

sequently, items could be elassified as
depending on whether the group and item means are significantly different.
alternatively, an appropriately weighted mean of the group and item forecasts
could be taken as the item forecast. A natural weighting would be the res-
pective probabilities that the item and group means calculated from the OST

obse.vations are or are not based on samples from the same OST population.
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Letting
N = the number of OST observations used to

calculate the group mean

Xo = the group mean
g2 = the standard deviation of the group OST
observations

N = the number of O0STs used to calculate the

item mean OST
X = the item mean OST

o] = the standard deviation of the item OST

observations

Then the probability that the two sample means are based on the same OST
population is given by

P = 22NClt])
where t is the standardized normal deviate of the observed difference between

the item and group OST means and N(>x) is the probability that the standardized

normal deviate exceeds x. That is,

t = (X1 - Xo)/d

where 5]
o] = VI(GOZ/NO) + ( llel)

The expected value of the item OST mean would then be

X = P'xo+(1-P)vXl

* This expression neglects the effect of removing the item from the group on
the residual group's statistics, a valid assumption since N 1is generally large
compared to Nl . e

20




These same mixing factors, P and (1-P), can then be used to combine
item and group forecasts. Thus if it is likely (i.e., P is large) that
the item and group OST are samples from the same population, the expected
OST forecast is near the group forecast, and approaches the item forecast

as P becomes small.

Other wieghting factors may be used. In particular, W. Karl Kruse has

reported* the use of a weighting function of the form:

W = l/(l+Nl/m)
where

Nl = the number of item OST observations
and

m = an empirically determined parameter

The weighted average forecast is then given by:

X = W -XO+ (1-W) . X1

In that study the most appropriate value of m depended on the degree
of truncation of the OST value used in determining the forecasts, varying from
7 for no truncation to 3 for one standard deviation truncation. The above
weighting expression takes into account only the number, Nl’ of item OST
observations, whereas it can be seen above that not only this value but other
item sample statistics, as well as group statistics, should also, in principle,
be considered. However, since the number (No) of group observations is generally
quite large compared to Nl’ the group OST mean can probably be well approximated
by a fixed value (Xo) with no uncertainty. The above weighting expression, W,
does not explicitly consider the variability of item OST$§ indicated by the item
OST sample. However, it is somewhat simpler than the "expected value" weighting

scheme described previously.

* "Forecasting Order and Ship Time for CONUS Depots', June, 1977, DRC
Inventory Research Office, U.S. Army Logistics Management Center.
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In order to evaluate the "item classification' and "

empirical
weighting'" procedures versus the ''expected value" procedure, sample
calculations were performed for a range of values of deviations of item
means from group means. Since the degree of OST truncation used in the
present study was intermediate between the extremes used in the Kruse study
the value m = 5, was used. Also, typical values of 30 days for the group
mean (io),.SO for the item standard-deviation-to-mean ratio, and 6 for the
number (N) of item OST observations, have been used. The item was classi-
fied as item-forecast if the mixing factor P is less than 0.5, and group-

forecast otherwise. The results are given in Table IIIfl.

It is seen that the deviations of the empiriczlly weighted OST mean
from the expected OST mean become quite large for relatively large deviations
of the item OST mean from the group mean. On the other hand, corresponding
deviations of the classified item OST means are not more than 2.5 days,
being less for large deviations of item from group means. Consequently, it
is concluded that the use of either the expected or classified item forecasts
constitutes a satisfactory procedure for combining item and group OST
forecasts. However, the classification scheme would be simpler to use in
practice since the expected-value technique requires the use of both
the item forecast and its item-group forecast, as well as a calculation
of the probability weighting factor for each forecast. For the item/group
classification procedure, the classification could be updated periodically
(say, annually) and during the interim only the item or group forecast

is used.
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E. O0OST-Forecast Error Evaluation

A simulation-evaluation computer program was developed (described in
the first of the memoranda indicated above) for accepting input OST-time-
series data of OST originations and completions, applying the forecasting
models to these data, and calculating measures of forecast performance
throughout the simulations. This forecast evaluator was used to calibrate
the parameters of the various models, and to determine a first-screening of
the models based on forecast accuracy alone. This evaluation does not take
into account the inventory effects resulting from the use of OST forecasts in
controlling item inventories at the DSUs, but assumes that there is a sufficient
correlation between forecast error and these inventory effects that a first
screening of OST models can be carried out by means of a forecast error evalu-
ation alone.

When the O0ST-forecast models are appliéd'to a time series of OST obser-
vations and the successive 0ST forecasts are compared with the actual OST
observations, a series of forecast errors are generated. The fundamental
measure of forecast error for calculating the overall performance of a model
in ‘any such simulation was the root-mean-square-error (RMSE). This is defined
as the square root of the average squared error occurring during the simulation.
This is a commonly used measure of fit of one time series. (the OST forecasts)
to another series (the.OST observations) that has theoretical justification
for certain types of error distributions (Normal). When the values of the
RMSE for two models (or two sets of parameter values for the same model) are
significantly different, the one having the smaller RMSE was judged to be
superior. In the case where there is an insignificant difference in the RMSE
values, another measure (RMSE') estimating the deviations of the OST forecasts
from the OST mean was used to evaluate the relative performance of the models.
The rationale for this procedure is that, in principle, it is desired to fore-
cast the individual OST observations, as closely as possible, and the RMSE
is a measure that indicates this. If the OST forecasts are perfect, all
forecast errors are zero and the resulting RMSE will be zero. On the other
hand, if the inherent variability of the OST observations is large (as tends to
be the case for the data utilized in the present study, and presumably in general)
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and the OST forecasting models are of the smoothing type such as the

average, median, or mode of some number of observations or exponential smoothing,
then a "good" forecasting procedure is one that estimates the true OST

mean as closely as possible. For forecasts of this type the RMSE value
results primarily from the large inherent OST variability, and therefore
relatively small differences in RMSE values may be obscured by this vari-
ability. Consequently, when this is the case, the estimated error, RMSE',
of the forecast from true OST mean is used as secondary indicator of fore-
cast performance. A more detailed discussion of this subject is given in

the memo "OST-Forecasting Evaluation Measures', R.H. Davis, 9/20/77.

F. Inventory Effect Evaluation

Since the purpose of forecasting item OSTs for a DSU is for use in
formulas controlling the timing and quantitites of requisitions for replenish-
ment of stock at the DSU, the ultimate criteria for evaluating OST forecasting
procedures should depend on this effect on the performance of the inventory
control system. A calculation of these effects can be obtained by combining
the statistics of the OST forecast errors for the various models, with the
inventory control rules and individual item parameters, and calculating the
resulting inventory levels and not-in-stock (NIS)* rates for a cross-section
sample of items for a DSU. The rationale and details of this procedure are
given in the technical memorandum '"Analytic OST-Forecasting Inventory Control
Evaluator", R. H. Davis, 9/13/77, as amended in Appendix C. the basic input

parameters required for this analysis are:

System parameters -
h = inventory holding cost rate (% per year)
A = the fixed order (requisition) cost ($)
S = the safety stock coverage period (days)

Item parameters -

c = item unit cost (price) ($)

D = item demand rate (units/day, month, year)

s = average item demand quantity (units)

N standard deviation of demand quantity (units)
L = item OST mean

* This measure of inventory system service-level is the complement of the
demand satisfaction rate: NIS=1-Demand Satisfaction rate.




n

0ST-forecast parameters -

E = OST forecast bias (average forecast error)

= standard deviation of OST forecast error from
actual OST

Ogr = standard deviaticn of OST forecast from mean OST

From these parameters, the resulfing expected inventory levels, i,
and NIS rates were calculated for each sample item and each OST forecasting
model, and also the expected sample inventory value and value-averaged
sample NIS rate were computed for the sample of items for each OST forecasting
model.

As a basis for comparison, the corresponding inventory performance
measures were also determined for the perfect OST forecast (that is,
E = Op = 0oy = 0). The error parameters for each OST forecasting model
then yield incremental deviations in inventory levels and NIS rates from
those of the perfect OST forecast. However, since, in general, both the
inventory level and NIS rate for an OST forecasting model are different from
those for the perfect forecast, and other models, it is difficult to interpret
the relative quality of inventory performance resulting from the various models.
For example, if the inventory level for the model is higher than that for
another model, but the NIS rate is lower, then the question arises as to whether
or not the reduction in NIS rate more than compensates for the inventory
increase. The technique used in the present study for normalizing the per-
formance measure for all models was to artificially adjust the safety stock
parameter, S, used in setting the item inventory levels (reorder point and
requisitioning objective), so that the NIS rate for each model is the same
as that for the perfect forecast. Then the corresponding increases in in-
ventory above those for the perfect forecast constitute a single performance
measure that can be used to indicate the relative inventory effects of each of

the models evaluated.
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G. Summary of OST-Forecasting Methodology

In summary, the methodology followed in evaluating OST forecasting

models for each sample DSU was:

1.

10.

Process the LCA/LIF data to obtain, for all ASL items having
six or more computable 0STs, all requisitions of routine

priority.

. Sort requisitions by item (NSN) within RIC and calculate item

OST statistics (N,X,cx) and demand rates, as well as RIC OST

statistics (N, X,o0, over all RIC reduisitions).

X

. Collect RIC requisitions into RIC groups of requisitions by means

of a cluster analysis procedure, and calculate the RIC-group

OST statistics.

. Generate time series of OST originations and completions for each

RIC-group and each item within the group.

Select the major RIC-group and a sample of typical items from

this group.

. Classify sample items into item-forecast or group-forecast.

Evaluate OST forecasting models for group-forecast items by
applying the 0ST-forecast simulator/evaluator computer program

to the RIC-group time series of 0STs.

Evaluate OST forecasting models for item forecast items by

simulating using the item time series of 0STs.

Screen out the less promising models based on the results of

steps 7 and 8.

Evaluate the remaining models by means of the inventory effects
evaluator applied to a cross-sectional item sample, using the

0ST-forecast error. statigstics obtained in steps 7 and 8.
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H. Reorder Point/Requisitioning Objective Updating

Current Army policy is to update the reorder point(ROP) and re-
quisitioning objective (RO) whenever the inventory position of an item
falls to or below the current reorder point. The consequences of this
policy may be compared to maintaining current ROP and ROs and analyzed
under different assumptions concerning increasing or decreasing demand

rates and OSTs. This analysis is described in more detail in Section VIII.
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IV. RESULTS FOR THE 704TH MAINTENANCE BN. (CONUS)

A. RIC-Groups

For the CONUS DSU (704th Maintenance Bn) the RIC statistics

were:

RIC N % (dave) ox(days)
AKZ 2056 40.6 18.4
AP5 4 57.3 19.4
Al2 121 34.8 12.9
A35 102 46.8 14.5
B14 455 36.5 14.8
B16 91 45.7 21.9
B17 1 71.6 -
FFZ 29 40.0 16.1
FHZ 5 34.2 7.9
FLZ 19 38.4 12.0
MPB 4 48.2 113
N35 6 37.0 5.6
S9C 635 38.3 165
S9E 327 37.4 ha2
S9G 413 44,8 15.4
S91 752 379 14.X
S9T 3 25.7 9.5

Applying the cluster procedure fo these data yields the RIC-groups:

Group I: AKZ, FFZ, FLZ, N35, S9C, S9E, S9I

(N = 3824, X = 39.4 days, oy = 17.0 days)

Group II: Bl4, Al2, FHZ

(N = 581, X = 36.1 days, oy = l4.4 days)

* The cognizant agencies corresponding to these RICs are given in

Appendix B.
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Group III: A35, Bl16, MPB, S9G
(N = 610, X = 45.3,0,= 16.4)
Group 1IV: AP5, Bl7

(N = 5,X = 60.0,0,= 17.9)
Group V: S9T
(N = 3,X = 25.7,0,= 9.5)

The major RIC-group for this DSU is seen to be Group I. This
group had 3824 OST observations with an average OST of 39.4 days and a
standard deviation of 17.0 days. The overall performance of the OST fore-
casting models on all "group-forecast'" items within this RIC group can
be determined by applying the models to the OST time series for this group.
The use of all 3824 observations (an average of about 11 per day) would
constitute a far more fine-grained simulation than is required to determine
the relative merit of the forecasting models, and would entail time-consuming
and costly data preparation and computer running time. Consequently, in
order to utilize the project resources in a more cost effective manner, the
RIC group OST time series was randomly sampled to obtain OST series spanning
the same time period with fewer observations having essentially the same

statistical characteristics.

B. Model Parameter Determination

Each of the OST forecasting models has one or more parameters that
must be specified before numerical applications can be made to any OST time
series. For the purpose of determining these parameter settings for each
model, a random sample of 120 OST observations was selected from the set of
all OST observations for the RIC-group. The statistics of this sample were

X = 40.4 days and o, = 17.3 days versus X = 39.4 days and oy = 17.0 days

X
for the entire RIC group. The sample was considered to be an adequate re-
presentation of the RIC group for the purposes of calibrating the parameters

of the models.
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The results of applying the OST forecasting models to this OST
time series for various model paramter values by means of the OST forecast

error simulator/evaluator program, are shown in Table IV-1l. For some

models an estimate of the standard error of the RMSE and RMSE' measurements

have been calculated and are indicated following their respective values

in Table IV-1.

For the model OSTN (average of last N) it is seen that the RMSE per-
formance measure is not significantly different for N=6 and N=12; however,
the RMSE' measure shows a significant improvement over N=12, and the RMSE'
inrdicates a statistically significant but very qmall such improvement.

Consequently, the parameter value adopted for OSTN was N=24,

The results for OSTM (median of last N) are similar and the parameter

value taken for this model was N=24,

For OSTMO (mode of last N) the RMSE shows a generally deteriorating
performance as N increases, with a barely significant slight improvement
for N=24 over N=12, The RMSE' measure indicates a continually decreasing
performance as N increase. Therefore, the parameter chosen for this model
was the lowest value tested, N=6. This result is in contrast to that for
0STM (median). Both the median and mcde are biased low, but the mode more
so than the median. For small OST samples the bias is not as great as for
larger samples. Consequently, as the sample size increases the increasing
bias competes with the decreasing variance of the error to yield the total
error measures RMSE and RMSE'. Apparently the increasing bias predominates
for the mode, but not for the median whose performance continues to improve

for larger OST samples.

For OSTT(average of 0STs in last time period T) the RMSE does not
show a significant difference for the different T values., The RMSE' in-
dicates a significant increase in performance for T=180 days over T=90 days,
but no further significant improvement for T=360. Consequently, the value
of T taken for this model was 180 days. 1In the case of this model, the fact
that a sample rather than the entire RIC grcup of 0STs was used must be

taken into account. The number of sample 0STs occurring in a time period T

31

S SR



TABLE IV-1

PERFORMANCE OF OST-FORECAST MODELS FOR ALTERNATIVE MODEL
PARAMETER VALUES

Principal
0ST-Forecast Parameter
Model Value RMSE RMSE'
0STN N= 6 18.90 + .13 7.32 + .05
N= 12 19.04 + .12 5.74 + .01
N= 24 17.40 + .12 5.58 + .04
0STM N= 6 18.35 7.12 + .04
N= 12 18.67 5.31 + .04
N= 24 16.64 3.57 + .04
0STMO N= 6 18.65 + .11 8:04 + .05
N= 12 20.13 + .14 9.26 + .09
N= 24 19.70 + .13 9.62 + .06
0STT T = 90 days 18.71 3.35 + .05
T =180 " 18.83 2,67 + .10
T =360 " 18.70 2.68 + .14
OSTNE e= .05 18.74 2.71 + .14
e= .10 18.68 4.69 + .06
e= ,20 19.04 7.43 + .71
OSTES TX = 90 days 17.77 3.61 + .06
Ty, = 180 " 17.81 2.45 + .05
T, = 360 " 17.86 2.13 + .02
OSTDES F=1.0 20.99 8.92 + .63
F=0.7 20.28 8.53 + .62
F = 0.5 19.88 8.29 + .62
OSTR N= 6 20.35 + .11 8.80 + .05
N= 12 19.07 + .12 7.86 + .04
N= 24 17.53 + .15 5.66 + .04
OSTNP UDI = 7 days 18.33 5.41
UDI =15 " 18.85; (vs 18.73)* 5,81 (vs 5.75)
UDI =30 " 18.86‘ 6.39
OSTESP UDI = 7 days 17.48 2.32)
DT =35 ” 17.631(vs.17.81% 2.32'(vs. 2.58)*
UDI =30 " 17.55’ 2,43

* For the corresponding non-periodic models.
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is only about 120/3824 as many RIC-group OSTs as would occur in this time
period. To translate time periods for OSTT from the sample OST time series

to any other it is necessary to normalize the period by the ratio of the

OST occurrence rates for the two series. Since the total time spanned by

the sample and RIC-group OST series are the same, the appropriate ratio is

that given above for the numbers of observations in the two series. This

means that the corresponding parameter values for the complete RIC-group OST
series would be about T=3, 6,12 days compared to the value T=90, 180, 360

days for the sample. So the use of T=180 for the sample series would correspond

to a T of about one week for the entire RIC group.

For the OSTNE (average of last N necessary to produce a specified error,
e, in the forecast of the OST mean) the RMSE shows very little difference
for the various e values; however, the RMSE' shows a pronounced deterioration
in performance of the forecast as e increases. Consequently, an error of e=.05

was selected as the parameter to use for this model.
The model OSTES (adaptive exponential smoothing) has several parameters:

Tx = the time period over which an expected number of OST
occurrences is calculated. Short periods give more dynamically

responsive OST forecasts.

TL = the time period over which an expected OST inter-arrival interval
is calculated. Short periods give more responsive estimates

of this inter-arrival interval.

emin- the desired minimum error of the forecast of OST mean:

emax- the desired maximum error of the forecast of OST mean

The value chosen for Tx depends upon the time perjod over which it is
desired to detect changes in the OST mean. The value ™ has the effect
of shortening Tx (that is, making the forecast more responsive) in case the

error of the OST-mean forecast using Tx would be smaller than desired.
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emax has the opposite effect in case the error using waould be greater than

desired. The values chosen for e , and e were .05 and ,20.
min max

The value of TA depends on the time period over which it is desired to
detect changes in mean OST arrival rate, which depends on the change in demand
rates of the items in the RIC group. Typically the demand processes are more
dynamic than the OST process, so that an appropriate value for T, tends to be

A

smaller than that for TX. For the alternative values of Tx chosen (90,180,

360 days) the corresponding values of TA were 90, 90, 180 days. |
The RMSE is not significantly different for the alternatives, whereas

the RMSE' shows a significant improvement for 180 days over 90 days and only

a slight further improvement for 360 days. Since in order to maintain forecast

responsiveness it is desirable to make T_ no longer than actually required,

the value of TX=180 (and TA=90 days) wasxselected for the OSTES model.

The parameters of the OSTDES (adaptive double exponential smoothing) are
the upper and lower limits on the smoothing constant, as calculated from the
tracking signal, and the fraction, F, of the trend and lag correction utilized
by the procedure. Typical values for the smoothing constant limits have been
0.1 and 0.3 in previous applications, and these were assumed in the present
case. Neither the RMSE or RMSE' indicate very significant differences for the
alternative values of F (1,0, 0.7, 0.5); however, there is a slight indication

of improvement as F decreases. The value of F=0.7 was selected for this model.

For OSTR (least squares regression, or trend, line based on the last N
0ST observations) both the RMSE and RMSE' indicate significant improvement as
N increases from 6 to 24, The value N=24 was used for further evaluation of
this model.

The remaining two models OSTNP and OSTESP are periodic-update versions
of OSTN and OSTES. As such, the question for these models is not ghe best
parameter value (update interval, UDI) but the extent of the effect on the
quality of the forecast as the update interval is increased. For each of these
two models, alternative update intervals of 7,14 and 30 days were used. For
OSTNP the value N=12 was used and for OSTESP the values T, = 180 days, TA = 90 day,

X

e = 05, e = ,20 were used. The performance of the periodic update models
min max

are to be compared with the ad hoc update models having the same parameter values.
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The RMSE and RMSE' values for these latter models are indicated in

parentheses for these two periodic update models, in Table IV-1.

For OSTNP the RMSE indicates an insignificant change in forecast
performance resulting from updating intervals from 7 to 30 days. The
RMSE' shows a very slightly deteriorating effect as UDI increases from
7 to 15 days, and a more pronounced increase in error for 30 days. Also,
for UDI = 7 days, evidently the increased smoothing effect of the periodic
updating increased the quality of the forecast sufficiently to more than
compensate for any deteriorating effect, so that the resultant performance
was slightly better than that for ad hoc updating. This is indicated
by both the RMSE and RMSE' measures.

For OSTESP neither the RMSE or RMSE' shows any significant change for
UDI ranging from 7 to 30 days.

Moreover, as in the case of OSTNP for UDI = 7, for OSTESP both RMSE
and RMSE' indicate a slightly improved performance for all UDIs from

7 - 30 days over the corresponding ad hoc forecasts.

These results indicate that there is very little effect on the
quality of OST forecasts resulting from the utilization of update in-

tervals of 30 days or less.

C. Evaluation of OST-Forecast Models

The alternative OST-forecasting models were evaluated on the basis
of their error performance for both RIC-group and individual item OST
time series data. The group data were obtained as a 202-observation
random sample of the 3824 RIC-group I OST observations. Using this OST
time series as the basis for both generating the forecasts and the time
series of 0STs being forecasted yields the composite performance of each
model on all items within the group that are classified as ''group-forecast"
items. When the group OST time series is used to generate the forecasts
and an individual '"graup-forecast'" item's OST time series is used as
the forecasted 0STs, a model's performance refers to that particular "group-
forecast" item. For an "item-forecast'" item a time series of 0STs for
that item is used for both the generation of the OST forecasts and as the

forecasted OST time series.
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1. RIC-Group Data

The results of using the RIC-group sample OST series for generating
the forecasts and as the forecasted series are shown in Table IV-2, it
can be seen that both RMSE and RMSE' indicate that three of the models
have significantly poorer performance than the others (indicated by
boxed values), among which there is little difference in indicated per-
formance. Thus RIC-group evaluation yields the models

OSTN
0ST™M
OSTT
OSTNE
OSTES

as those most promising for further evaluation, and eliminates OSTMO (mode),
OSTDES (double exponerntial smoothing), and OSTR (least squares trend line)

from further consideration.
2. Item Data

In order to evaluate the performance of the O0ST-forecasting models
on individual items, three items having differing OST statistics were

selected from RIC-group I. They were:

ag

NSN N 3 e Over the time period
110 2540 007146156 8 40.1 days 12.2 days 307 days
2 2530 006784131 g9 319 Dot 287
3. 2540 001345093 10 63.8 18.3 314

It isseen that for individual items there are far too few OST observations for
an adequate simulation/evaluation of the 0ST-forecasting models. Consequently,
an approximately 5-year OST-time series was generated for each item from

their respective OST statistics. For this purpose a shifted log-Normal
probability distribution was used. Both the simplicity of generating random
OST sequences according to this distribution and the adequacy with which it
was possible to fit the RIC and RIC group OST histograms with the distribution
led to its use for this purpose. A shift of 10 days was found to result

in a good fit of the log-Normal to the actual OST data.
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TABLE IV-2

ERROR PERFORMANCE EVALUATION OF OST-FORECASTING MODELS
DSU: 704th Maintenance Bn. (CONUS)

RIC-Group I
202-0ST Sample

0ST-Forecasting

Model RMSE RMSE'"

OSTN 14.92+ .03 3.91+ .05
0STM 15.02 2,97+ .02
0STMO 16.92 6.94+ .08
OSTT 14.92 3.66+ .04
OSTNE 14.77 3.68+ .05
OSTES | TR 4.09+ .05
OSTDES 16.72 5.45+ .17
OSTR 15.91+ .03 4.28+ .07
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In this way it was possible to obtain quite representative OST time

series for the three test items, over a sufficient time period to
simulate/evaluate the relative performance of the various 0ST-fore-

casting models. The three sets of time series used are given in Appendix D.
The results of applying the OST forecast models to the time series for these
three items are given in Table IV-3, It can be seen that the performance

of the models on these item OST time series is consistent with that using

the RIC-group time series above.
Number of Items for Which Model was
Model Among the Best Four

OSTN
O0ST™M
OSTT
OSTES
OSTR

H oW W N W

It was not possible to obtain a valid indicgtion of the performance
of the model OSTNE (average of the last N OSTs necessary to give an error
of forecast of OST mean of 5%). The numbers of observatioﬁs required for the
successive forecasts during the simulation of the model were always greater

than the number of OST observations available.

Consequently, based on the error performance of the alternative 0ST-
forecasting models on both RIC~group and individual item OST time series,
it was concluded that the five models:

OSTN
0STM
OSTT
OSTNE
OSTES

appear most promising for more definitive evaluation with respect to

the inventory effects of OST forecast errors.
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TABLE IV-3

PERFORMANCE OF OST-FORECASTING MODELS FOR INDIVIDUAL ITEMS

DSU: 704th Maintenance Bn.
RIC- Group I

(CONUS)

5-year Simulated OST Time Series

Item No. i 4 2 3
NSN : 2540-7146156 2530-6784131 2540-1345093
X 42 days 30 days 64 days
15 days 7 days 20 days
a
X
OST-Forecasting
Model RMSE RMSE" RMSE RMSE" l SE RMSE '
OSTN 13.1+ 1.0} [3.1+ 4] || 7.6+ .2 L 2,5+ .1 ,]18.0»: 6|1 6.0¢ .7]
i l ; .
‘ | i | i
0STM 135 | 3.2+ .41 ([[8.0 | 3.5¢ .2 | |17.2 | 4.2+ .4
0STMO 15.4+ 1.0 7.8+ .7 [10.8+ .4 6.4+ .4 | 20.5+ .8 8.8+ .7
OSTT 13.6 3.6+ .4 l7.6 2.6+ .1 ]17.8 7.0+ .6{
< i s - J
OSTNE * - - - - ' -
OSTES 13.6 3.8+ .5] [[7.5 1.9+ .2 | {18.6 6.0+ .8
+ -9t , +
0STDES 16.2 5.04 .9 | 8.4 1.8+ .3 | 25.1 11.8+ 1.5
0STR 13.8 4.8+ .6 [|7.6+ .2| [2.0+ .3 | 20.3+ .7 7.8+ 1.0
Four Best
Models
OSTN OSTN OSTN
0STM 0STT 0STM
OSTT OSTES OSTT
OSTES OSTR OSTES

* 5-year time series too short to establish steady state simulation
conditions for this model, because of large initialization effects.
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3., Effects of Using Item Forecasts versus Group Forecasts

The effects of utilizing item forecasts for item-forecast items
can be seen by comparing the performance of RIC-group forecasts when
applied to the item OST time series to those given in Table IV-3 for the
individual item forecasts. These effects are similar for the various
models. For the OSTN model this comparison is given in Table IV-4.
Item No. 1 is a "group-forecast'" item and one would not expect much
difference between using item or group forecasts. Both the RMSE and
RMSE' performance measures indicate that this is the case. Item No. 2
is an "item-forecast'" item having an OST mean (X = 30 days) considerably
smaller than the group OST mean (X = 38.5 days). Both performance measures
indicate a substantial deterioration in the quality of the group forecast
compared to that of the item forecast. Item No. 3 is also an item-forecast
item with OST mean considerably larger than the group mean. The performance
of the group-forecast for this item is seen to be much poorer than that of A
the item forecast. These results illustrate the importance of utilizing
item forecasts whenever items have OST characteristics with statistically

significant difference from those of the RIC-group to which they belong.
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TABLE IV-4

EFFECTS OF GROUP AND ITEM FORECASTS
DSU: 704th Maintenance Bn. (CONUS)

OSTN Forecast Model

RIC-Group I
N = 202 OST Observations
X = 38.5 days

I% = 15.1 days

Item OST Type
Item Number Mean Forecast RMSE RMSE'
1 42 days Item ‘ 13.1 3.1
Group 14.6 2.9
2 : 30 days Item 7.6 2,9
Group 14.3 10.2
3 64 days Item .. 18.0 6.0
Group 32.5 24,1
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D. Evaluation Of The Inventory Effects of OST-Forecasting Models

The OST-forecasting models having the most promising performance
with respect to forecast error were further evaluated with respect to their
inventory effects performance. These models were OSTN, OSTM, OSTT, OSTNE,
and OSTES. As discussed above, the technique employed to develop a single
performance measure for each model was to determine the inventory requirement
above that for a perfect forecast, necessary to give the same not-in-stock
(NIS) rate as that for the perfect forecast.

1. Item Sample

To evaluate inventory effects of the alternative 0ST-forecasting models
it is necessary to select a cross section of individual items and determine
the inventory effects for each item. For each model these effects depend on
the OST-forecasting error characterisitcs and the various item parameters
(demand, price, etc.) of the item sample. Such a cross sectional sample
was selected for this DSU from the RIC-group I set of items. The items were
selected to reflect a wide range of price, demand, and $-demand values.

They consisted of 10 group-forecast items and the two item-forecast items
(items No. 2 and No. 3) considered above. These items together with their
parameter values are given in Table IV-5. The forecast error characteristics
for the candidate models are given in Table IV-6. These were obtained from
the simulation/evaluation computer runs performed in the evaluation of the
OST forecasting models based on forecast error, as discussed above.

2, Inventory Effects Evaluation

These data provided the input to the inventory effects evaluator
program which then calculated the expected inventory level and NIS rate
fcr each item, and the expected inventory value and $-demand-weighted NIS rate
for the entire sample of items., These results are given in Table IV-7.

As discussed in general above, based on these two measures there is some

difficulty in determining the relative quality of the performance of the various

models for the sample items, and for the sample as a whole. For example,
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TABLE IV-6

FORECAST ERROR PARAMETERS FOR OST-FORECASTING MODELS

DSU: 704th Maintenance Bn. (CONUS)

RIC-GROUP I (12-item cross sectional sample)

1
s

- yo—— 7 o '.'
~OST . Group Forecast
Forecast Items Item No.1ll Item No. 12
' Model = = =
E g Tgr E 9 Ig E 9 Ig
OSTN 202 R4 298 =19 FiS 1.5y %2 47,5 3.5
0STM 0.22 15.0 2.94 ' =2.9 7.4 1.5 2,5 17,0 3.3
OSTT 330 1456 L8860 -t Sk 80 TG BT 5.4 17,0 3.3
OSTNE 3:3L 4.4 '1.86 -k 1 8.5 1.6 4.1 17,0 3.0
OSTES 3.78 14.1 1.93 -0.9 7.5 1.6 Sl L83 3.3
PERFECT 0 0 0 0 0 0 0 0 0 :
NOTE: E = Average forecast error
og = Standard deviation of forecast error
) P Estimated standard deviation of error of forecast

of OST mean.
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TABLE IV-7

INVENTORY AND SERVICE-LEVEL EFFECTS OF OST-FORECASTING MODELS

DSU: 704th Maintenance Bn.
RIC-Group I

(CONUS)

Cross-sectional Sample of Items

OST-FORECASTING MODEL

T OSTN 0ST™™ __OSTT OSTNE OSTES PERFECT
No. 4 NIS L NIS i NIS g NIS I NIS I NIS
1 27,3 .30 25.5 .32 27.6 .29 27.6 .29 27.9 .28 234 .30
2 28.9 .25 27.5 .28 29.2 .24 29.2 .24 29.4 .23  26.0 .24
3 777 .10 75.9 .12 78,0 .10 78.0 .10 78.3 .10 75.2 .09
4 BRI T R 0 TR N SR TR T N s 7.5 .12
S 267 15 236 .17 244 A5 ZhA .15 3.5 .25 352 0%
6 10.5 .08 10.3 .09 10.5 .08 10.5 .0B 10.5 .07 10,3 .08
7 53.3 .01 53.2 .01 3.3 .01 S3.3 .01 53.4 .01 53.2 .01
8 2.7 6 6 06 1.7 W08 33 e 33 M 14 .08
g 154 .30 158 21 /A 0251508 154 0 1AE .09
10 .7 07 C3k6 LY 3T IG. 8 Wy T e W
11 PORRER " S e W N W S SRR ST S - R 0
12 24,5 .23 23,5 .26 Zh.6 .33 245 .23 344 0% 3.7 %
sample $5,522 .27 5,256 .30 5,567 .27 5,566 .27 5,607 .26 5,001 .27
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for Item No. 1 OSTM has the lowest average inventory level, T, but also

the highest NIS rate, and OSTES has the lowest NIS rate but the highest
average inventory level. For the sample as a whole, a similar result is
true. As indicated above, the technique utilized in the present study for
resolving this ambiguity is to adjust the inventory control rules by means
of the safety stock coverage period until the NIS rate for a given model and
a given sample item 1is the same as that for the PERFECT forecast. When
this was done the results are as shown in Table IV-8. As can be seen the

% increase in inventory over that for the perfect forecast ranges from less
than 0.1% (for Item No. 11) to about 15% (for Item No. 1). The differences
in the standardized inventory requirements for the various models are generally

quite small for each item. For the entire sample the increase over perfect

forecast inventory requirements ranges from 9.87% (for OSTES) to 10.9%Z (for 0STM).

However, it is possible to develop a consistentranking of the OST-forecasting
models from these data. By assigning for each sample item a rank number from
1 to 5 for each of the five candidate models, it is possible to develop a
composite ranking number over all sample items for each model. This result
is shown in Table IV-9. The composite ranking yields the following corres-
ponding ranking of the models:

Rank Model . - Composite Rank
1 OSTES 2.04
2 OSTNE 2.58
3 OSTN 3.04
4 OSTT 3.83
5 0ST™M 3.83

Another type of overall ranking can be obtained by considering the sample

performance results given in Table IV-8. This ranking is:
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TABLE IV-8

INVENTORY EFFECTS OF OST-FORECASTING MODELS
DSU: 704th Maintenance Bn. (CONUS)
RIC-Group I

Cross-Sectional Sample of Items

I = Average Inventory Required to Give the

Same NIS Rate as the Perfect Forecast

1 I NIS
ITEM NO. OSTN 0STM OSTT OSTNE OSTES PERFECT
1 27.0(15.2%)* 27.1(15.8%) 27.0(15.3%) 26.8(14.7%) 26.7(14.3%) 23.4 .30 1
2 29.5(13.3)  29.6(13.9) 29.4(13.3) 29.4(13.0) 29.2(12.4) 26.0 .24 4
3 79.6( 5.9) 79.7(6.0) 79.1¢ 5.2) 79.3( 5.5) 1.2 5.3) 75.2 0%
4 8.0( 6.5) 7.9(5.7) 8.0( 6.9) 8.0( 6.8) 8.0( 6.0) 7.5 .12 )
5 24.6( 6.2) 24.7(6.3) 25.7C 6.3) 24.6( 6.1) 24.5( 5.8) 23.2 .14
6 10.5¢ 2.1) 10.5(1.9) 10.6¢ 2.5) 10.5( 2.4) 10.5¢1.8) 10.3 .08
7 53.4( 0.4) 53.4(0.4) 55:3 0.2 53.3(0.2 B0 532 M
8 7.7( 1.3) 77803 LA 1.8 TN A 7.7¢ 1.3 7.6 .06
9 15.4¢ 2,0 15.10..0 15.20 2.1 15.1{ 2.8) 1500 1.6 1A% .09 )
10 11.7(¢ 0.9) 11.7(0.8) 1L.7¢ 0.9 11.7{ 8.9 1N.7(0.9) 11.6 .07
11 200 ) 4.3(1.7) 4.2(0 ) 4.2(0 ) 4.2(0 ) 4.2 .26
12 24,0( 1.3) 24,1(1.8) 28.3¢ 2.3) 28.0¢ 1.3} 26.1( 1.9} 23.7 .2
SAMPLE $5,528(10.5) $5548(10.9) $5521(10.4) $5511(10.2) $5489( 9.8 ) 5001 .27

* 7 increase over PERFECT forecast inventory requirement
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TABLE IV-9

INVENTORY EFFFCTS PERFORMANCE RANKING FOR OST-FORECASTING MODELS

DSU: 704th Maintenance Bn. (CONUS)
RIC-GROUP I

CROSS-SECTIONAL ITEM SAMPLE
PERFORMANCE RANK

ITEM NO. OSTN 0STM OSTT OSTNE OSTES

i 3 5 4 2 1

2 3.5 5 3.5 2 1

3 4 5 L 3 2

4 3 1 5 4 2

5 3 4.5 4,5 2 3

6 3 2 5 4 1

7 4.5 T RS Ee5 L.5 3

8 3 3 3 3 3

9 Pt S 4 Dbl 1
10 3 3 3 3 3
11 245 5 2.5 2.5 s
12 s 3 5 1.5 4
Composite 3.04 3.83 3:50 2.58 2.04
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7 Inventory Increase

Rank Model Over Perfect Forecast
1 OSTES 9.87 (0)

g OSTNE 10.2 (+0.4)

3 OSTT 10.4 (40.6)

4 OSTN 10.5- (+0.7)

5 OST™M 10.9 (Fl.1)

This is essentially the same as the above composite ranking, with

only the rankings 3 and 4 (OSTN and OSTT) being reversed.

Although it is possible to develop such rankings for the relative
performance of the models, the difference in inventory requirement from
the highest (OSTES) to the lowest (OSTM) performance models is only
about 17 of the perfect forecast inventory requirement. This suggests
that implementation considerations will play an important role in the
final selection of the most appropriate model. These factors will be
considered below, following the analysis of performance of the 0ST fore-

casting models when applied to the European DSU.
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V. RESULTS FOR THE DSU: 703RD MAINTENANCE BN. (EUROPE)

A. RIC-Croups

The basic data provided by the LCA/LIF for this DSU were read,
converted and processed to yield the individual RIC OST statistics for
both ALOC and non-ALOC requisitions. These results are shown in Table V-1.
In general, for RICs having significant numbers of non-ALOC and ALOC requisitions, che
average 0STs (X) for ALOC requisitions are seen to be from about 20 to 35
days less than those for non-ALOC requisitions. Since the transition from
non-ALOC to ALOC occurring during the time span of the LIF data is now
essentially complete and ALOC is the condition of interest in the future,
the further analysis pertains to only ALOC requisitions. Applying the cluster
analysis procedure to the RIC statistics for ALOC requisitions yields the

ag

following RIC-groups: N % e

RIC-Group I: AKZ, Bl4, GNO, S9C 820 38.3. 23.3

RIC-Group II: S91 185 32.4 152
B S OTIL: 896 5 107 435 14.0
A " IV: S9E : 60 47.3  19.8
" . V: A35, Bl6, MPB 56, . 63.2 34.0
4 oL AL ' 24 271.0 9.1

B. RIC-Group Sample

The major RIC Group is seen to be RIC Group I. Consequently, a 205
random sample of O0STs was selected from this RIC-Group to utilize for the
simulation/evaluation of the 0ST-forecasting models with respect to fore-
cast error. This OST time series is given in Appendix F. The OST statistics
for this sample versus those for the entire RIC-Group are:

S g

N X 5
OST Sample 205 R L 24.6
RIC-Group I 820 38.3 + 0.8 2343

The indicated + quantities are the standard error of measurement of
the mean OST for a sample size of N and population standard deviation Iy
These statistics indicate that the sample is a good representation of the
RIC-Group.
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TABLE V-1

RIC OST-STATISTICS

DSU: 703rd Maintenance Bn. (EUROPE)

NON-ALOC ALOC
RIC N X %% N X %
AKZ 1249 59.7 days 25.4 days 613 38.5 days 24.5 days
Al2 14 60.9 3358 24 27.0 9.1
A35 24 66.9 L4.1 10 59.0 24,7
Bl4 92 70.4 3005 61 37 :6 18.8
B16 52 60.7 26.9 45 62.4 34.3
DDD 4 57.3 218 '
FHZ 1 73.0 :
GNO 46 56.3 12 2 39.0 1.4
MPB 1 141.0
S9C 85 66.8 24.9 144 Sliea 19.4
S9E 57 62.8 2248 60 4t 3 19.8
S9G 75 76.5 25.0 107 41.5 14.0
S91 116 S 14.0 185 32.4 1
S9T 13 45.6 10.2
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C. Evaluation Of OST-Forecasting Models With Respect To Forecast Error

As in the case of the CONUS DSU, the error performance of the forecasting
models were evaluated by applying them to the principal RIC Group time
series by means of the OST-forecasting simulator/evaluator program. These
simulations represent the composite performance of the various models for
all group-forecast items in the RIC Group. As such they constitute a compre-
hensive basis for performance evaluation of the models with respect to

forecast error.

1, Parameter Value Adjustments

As a result of experience gained with the OST forecasting models in
the CONUS DSU analysis, some adjustments were made in.the parameter values
of the models. The principal such adjustment was for the model OSTES
(adaptive exponential smoothing). It was found that for the values of the
time-period response parameters (Tx=180 days, TA=9O days) and the error-
limit parameters (e _ =0.20, e . =0.05) used, the performance of the model

max min i
was determined primarily by the value of € in’ and that when the effect of
the time-period response parameters was nullified by setting e =e ., =,05,
max min

the performance of this model was ingignificantly altered. It was also
found that for the ALOC RIC-Group I OST time series for this DSU, the value
eminsemax=0.03 gave a slight but statistically significant improvement in
forecast error performance. This value was used in the evaluation. This
is one of the modes in which the OSTES model was designed to be used. It
results in a much simpler model to apply since only the single parameter
e =e must be specified. The model then automatically adapts to any
max min
particular OST time series to meet the specified error value. Consequently,
this version of the OSTES model was used in the present evaluation.

It was also found that the poor performance of the model OSTDES (adaptive
double exponential smoothing) was due to the use of the tracking signal for
determining the value of the smoothing constant to use in the procedure. The
smoothing constant limits, B te and e used in the procedure to constrain
the calculated value may be used to eliminate the adaptive feature of this
model by setting Bose ® . In an effort to improve the performance of

in max
this model, these two parameter values were set at 0.05.
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Another parameter adjustment that was made was in the model OSTT (average
of observations occurring in the last time period T). As discussed earlier,
it is necessary to adjust the time period T for this model to take into account
the differing rates at which OSTS occur for different RIC-group or individual
item OST time series. In the present case the total number of OSTS (205) is
essentially the same as that (202) for the CONUS DSU, however, the time span
for ALOC requisitions in the present case is only about one~half that for the
former DSU. Consequently, the corresponding value of the parameter T in this

model was taken to be T = 90 days.

As in the case of OSTES, it was found that for OSTNE the use of a value
of 0.03 rather than 0.05 for the specified error parameter resulted in a slight
but statistically significant improvement in forecast error performance.

Consequently, this value was used for this model.

For OSTN it was found that the use of N = 48 rather than N = 24 resulted
in some improvement in forecast error performance, so this parameter value

was used for this model in the evaluation.

2, Evaluation Results

The results of applying the OST-forecasting models to the sampled
RIC-Group I OST time series are given in Table V-2. It is seen that the
same models have poor forecast error performance as in the case above for
the CONUS DSU; namely, OSTMO, OSTEDES, and OSTR. Thus the candidate models

for further evaluation with respect to inventory effects are, as before:

OSTN
0STM
OSTT
OSTNE
OSTES

The error statistics for these models generated by the simulation runs are
given in Table V-3. These are the forecast error parameters to be used in

evaluating the inventory effect of the models on the group-forecast items of the
RIC-Group.
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TABLE V-2

EVALUATION OF OST-FORECASTING MODELS WITH RESPECT TO FORECAST ERROR

DSU: 703rd Maintenance Bn. (EUROPE)
RIC-Group I (ALOC)
205-0ST SAMPLE

0ST-Forecasting

Model RMSE RMSE'
OSTN 12.64+ .13 da}‘r.s\ 3.60+
0ST™M 12.53 l 3.05+
0STMO 14.30+ .02 5,95+
OSTT —1—2. 56— : 3.12%
OSTNE 14 ;E_H 3.92+
OSTES 13.83 4 6.78+
OSTDES 15.26 6.60+
OSTR 18.83+ .45 7.15+
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TABLE V-3

FORECAST ERROR PARAMETERS FOR OST-FORECAST MODELS

0OST
Forecast
Models

OSTN
OSTM
OSTT
OSTNE
OSTES
PERFECT

DSU:

205-0ST SAMPLE

3.15 days
-1.39

2.90

4.12

7.05

0
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12.24 days
12.46
12.22
13.69
11.90

0

703rd Maintenance Bn. (EUROPE)
RIC-Group I (ALOC)

OE,

1.71 days
2.44

2T

i

1.20
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D. Evaluation Of OST-Forecasting Models With Respect To Inventory Effects

1. Cross-Sectional Sample of Items

In order to further evaluate the most promising OST-forecasting models
with respect to inventory effects it was necessary to select a cross-sectional
sample of items for the DSU. Such a sample was chosen from the principal ‘
RIC Group (I) for this DSU. The item parameters for this sample are shown
in Table V-4. Unit prices range from $2 to $43, demand rates from $11/year to
$1490/year and $185/year to $3500/year. The parameter values given in
Table V-4, together with the forecast error parameters given in Table V-3,
constitute the input data required for the inventory effects evaluation of
the 0ST-forecasting models by means of the analyﬁic inventory control evaluator

program.

2. Evaluation Results

The results of this evaluation are given in Table V-5. The performance
measures given in Fhis table are the expected inventory level (I) and the
not-in-stock rate (NIS) for each sample item and the entire sample, resulting
from the specified forecast error statistics and sample item parameters. As
in the case of the CONUS DSU, there is some difficulty in determining the
relative quality of performance of the different models based on these two
measures. This is because it is desirable to have both low inventories (I)
and low not-in-stock rate (NIS) yet these quantities are reciprocally related
so that lower inventory tends to be associated with a higher NIS rate. For
example, for Item 11 OSTM is more favorable than OSTN with respect to I
(246 versus 262) but it also has a higher NIS rate (0.10 versus 0.07). So
the question arises as to whether the increase in NIS rate more or less than
compensates for the decrease in inventory. As indicated in the case of the
CONUS DSU, this ambiguity is resolved in the present study by artificially
adjusting the specified safety stock coverage period (15 days for the European
DSU) until the NIS rate is the same as that for the perfect forecast, then
the increase in required inventory over that for the perfect forecast is taken
as the single performance measure for evaluating the various 0ST-forecast

models. The results of performing this procedure for the sample items and
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INVENTORY AND SERVICE LEVEL EFFECTS OF OST-FORECASTING MODELS

TABLE V-5

bbuntien

DSU: 703rd Maintenance Bn. (EUROPE)
RIC-Group I: OST-Forecast Error Statistics
Cross-Sectional Item Sample
ITEM 0ST-FORECAST MODEL
NUMBER OSTN 0ST™ OSTT OSTNE OSTES PERFECT
1 I = 4.3 units 4.2 4.3 4.4 4.4 4.3
NIS = 0.18 0.19 0.18 Q.17 0.16 0.18
2 I = 13.4 12.9 13.3 13.5 13.8 13.0
NIS = 0.11 0.13 @.LL 0.11 0.09 Q.11
3 I = 17,4 73.9 Tt 52 8.2 80.5 74.7
NIS - 0.03 0.05 0.03 0.03 0.02 0.02
4 I = 14.5 13.7 14.4 14.7 15.2 13.8
NIS = 0.14 0.17 0.14 0.14 0.11 0.14
5 I = 23,7 23:1 23.6 23.8 247 23.2
NIS = 0.06 0.08 0.06 0.06 0.05 0.06
6 I = 102.2 95.1 101.8 103.9 108.5 96.8
NIS = 0.03 0.05 0.03 0.03 0.01 0.004
7 [ 8.2 79 8.2 8.3 8.6 79
NIS = 0.08 0.10 0.08 0.08 0.06 Q.07
8 I = 98.9 94.2 98.6 100.0 103.0 95.4
NIS = 0.02 0.03 0.02 0.02 0.01 0.004
9 I = 33.5 31.6 33.4 339 35.1 31.9
NIS = 0.07 0.10 0.07 0.07 0.05 0.06
10 I = 10.6 10.4 10.6 10.6 10.8 10.4
NIS = 0.09 9,10 0,09 0.09 0.08 0.10
11 I = 262.4 245.6 261.4 266.5 2172 248.4
NIS = 0.07 0.10 0.07 0.07 0.05 0.05
12 I = 11.8 11.5 13:5 11.9 v | 11.6
NIS = 0.04 0.06 0.04 0.04 0.03 0.04
SAMPLE ; 83,951 $3,750 $3,940 $3,999 $4,129 $3,790
NIS = 0.07 0.10 0.07 0.07 0.05 0.06
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for the entire sample are given in Table V-6. The table also gives the 7%
increase in inventory requirements over that for the perfect forecast for
each model for each sample item. These increases are seen to be generally
higher for the higher demand (or I) items. For example, for Item 2, having
a perfect forecast inventory requirement of 13 units, these increases range
from about 2 to 3% for the different models. On the other hand, for Item 6,
having an inventory requirement of 97 units, the increases range from about
26 to 32%. This indicates that the major effect of forecast error tends to
occur for high inventory items, which account for a large share of the total

inventory held by a DSU.

a, RIC-Group Ranking of OST-Forecast Models

For the entire cross-sectional sample of items, the increase in
inventory value over the perfect forecast value ranées between 6.7 and 8.87
for the candidate models.

The ranking of the models based on the entire sample is:

% Inventory Increase

Rank 0ST-Forecast Model Over Perfect Forecast
1 OSTES 6.73% (0)

2 OSTN TuSL (i 58)

3 OSTT 736 (+i63)

4 0STM 906 CEIg 3]

5 OSTNE 8.81 (+2.08)

b, Individual Item Ranking of 0ST-Forecast Models

It is possible to obtain a composite ranking over the individual
items of the sample by ranking the models for each item and computing an
average rank. This result is shown in Table V-7. The composite ranking
is:

Rank 0ST-Forecast Model Composite Rank
1 OSTES 3 9
2:5 OSTN 2,50
2.9 OSTT 2.50
4 0STM 3.83
5 OSTNE 5.00
59
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TABLE V-6

INVENTORY EFFECTS OF OST-FORECASTING MODELS
DSU: 703rd Maintenance Bn. (EUROPEL)
RIC-Group I (ALOC)

Cross-Sectional Sample of Items

i = Average Inventory Required to Give the Same
NIS Rate as the Perfect Forecast

QST-FORECASTING MODEL
ITEM I i NIS
NUMBER 0STN 0STM OSTT OSTNE OSTES PERFECT
1 4.300 4.304 4,300  4.311 4.300 4.30 .18
(0.0%) *  (0.1%)  (0.%) (0.25%) (0%)
2 13.33 13.31 13,27 13.40 13.25 13.00 .11
(2.56) (2.38) (2.05) (3.09) (1.91)
3 81.9 82.0 81.7 82.9 81.6 74.70 .02
(9.60) (9.70) __€9.37) (10.92) (9.20)
4 14.43 14,49 14,39  14.57 14.39 13.80 .14
(4.58) (4.97)  (4.25)  (5.56) (4.27) s
5 23.65 23.62 2358 3.7 23.58 23.20 .06
(1.94) (l.8t . G.60 {2.19) (1.65)
6 123,32 124,45 123.57 = 127.52 171.94 96.80 .04
(27.40) (28.57) (27.65%  (31.73) (25.97)
7 8.30 8.36 8.31 8.38 8.28 7.90 .07
(5.10) (5.82) _(5.18) (%.0%) (4.77)
8 109.61 110.42  109.85 112.73 108.92 95.40 .004
(14.89) (15,733 __(15.24) €28.17) (14.18)
9 34.45 34.57  34.48 34,97 34.20 31.90 .06
(8.00) (8.36) (8.09) (9.63 (7.21)
10 10.51 10.53 10,52  "10.53 10.48 10.40 .10
(1.02) (1.24) (1.18) (1.29) 0.76)
11 274.26 275,52  274.42  279.45 272.27 248.40 .05
(10.41) (10.92) (10.47) (12.50) (9.61)
12 11.90 11.98 11,93 12.00 11.90 11.60 .04
(2.61) (3.31) (2.82) (3.48) (2.59)
SAMPLE 94,067 $4,080  $4,069  $4,124 $4,045 $3,790 .06
(7.31) (7.66)  (7.36) 8.81) (6.73)

* 7 increase over PERFECT forecast inventory requirement.
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TABLE V-7

INDIVIDUAL ITEM AND COMPOSITE RANKING OF OST-FORECASTING
MODELS WITH RESPECT TO INVENTORY EFFECTS
DSU: 703rd Maintenance Bn. ( EUROPE )
RIC-Group I ( ALOC )

Cross-Sectional Item Sample

PERFORMANCE RANKING

Item OST-FORECASTING MODEL
Number OSTN 0STM OSTT OSTNE OSTES

K 2 4 2 5 z

2 4 3 2 5 1

3 3 4 z 5 1

4 3 4 1 5 2

3 4 3 7 5, il

6 2 4 ‘. 5 1

7 2 4 3 5 1

8 2 4 3 5 i’

9 2 4 3 5 &
10 & 4 3 5 1
11 2 4 3 5 1
12 2 4 3 5 1
COMPOSITE 2+50 3.83 250 5.00 1o X7
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c. Overall Evaluation

Thus it is seen that the rankings of the 0ST-forecast models with
respect to inventory effects, for the sample as a whole and for the individual
items of the sample, are essentially the same for this DSU-being OSTES, OSTN,
OSTT, OSTM, OSTNE. These are the same top-5-models indicated by the results
for the CONUS DSU, and, except for OSTNE, the same ranking as previously.

Again, as in the case of the CONUS DSU, the differences between the
performances of the OST forecast models is not great, ranging to a maximum of
about 27 perfect-forecast inventory levels, from OSTES (6.7% increase) to
OSTNE (8.87% increase). Consequently, the decision as to the most appropriate
model to use will depend strongly on implementation considerations, to be

discussed below.
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VI. TIMPROVED OST-FORECASTING ERROR MEASURE

A. Decompositon of Inventory Effects

The OST-forecast errors are reflected by three basic error statistics:

E = the average error of the forecast from actual 0STs
= the average error of the forecast from true OST mean
L e the standard deviation of the forecast error from actual
0STs
o,' = the standard deviation of the forecast error from the

OST mean

The inventory and service level effects of OST forecast errors may be

decomposed into the two s:parate effects:

1) An effect due to deviations (E') of the forecast from
the OST mean (summarized by E and GEv)
2) An effect due to the deviations of the forecast from actual 0OSTs

(summarized by E and cE)

The first effect results from the use of the 0ST-forecast in the

calculation of the reorder point for an item. Letting

ROP = the reorder point

D = the forecasted demand rate
L = the true OST mean
S = the safety stock coverage period
i = the forecasted OST
then
ROP-B.(12+S)
= D.(@L+s+R-0
= D.(L+s+E"

This shows explicitly how the OST forecast errors, E', from true OST

mean affect the inventory control rules. The component of average inventory

associated with the reorder point is
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(ROP - D - L) =D (s +E")
showing the effect of E' on inventory levels resulting from the 0ST-

forecast.

The second of the above effects results from the random number of
units of an item demanded during the actual OST. The random distribution
of this number determines the number of units backordered during the OST,
being zero if the number is less than the reorder point and this number
minus the reorder point if the number is greater than the reorder point.

The mean of this distribution is given by D - L and its standard deviation by*

- 2 - 2
O—JLOD +(DOE)
where
9p = the standard deviation of the number of units

demanded per unit time (e.g. per month).

Thus the service-level effect is determined by the 0ST-forecast error

parameter.

B. Relative Importance of Component Effects

It is these two effects due to (E, OE,) and to GE that are taken into
account in the calculation of the inventory and service-level effects upon
items in the inventory-effect evaluator program. 7Tt was found that by far
the major effect was due to OE through its influence in the above formula
tor O . The effect of CE' was found to be almost completely negligible due
to compensating inventory and service-level effects as the forecast error
varies above and below E. Thus the effect due to (E, oE,) was essentially that
which would result from E alone (i.e., for o_+ = 0). This means that the above

E
inventory effect due to E' was essentially

D'(s+E') 2D (S + E)

The technique used to reduce the performance of the 0ST-forecasting models
to a single measure was to adjust the value of S until the service-level
measure (NIS rate) was equal to that for the perfect forecast. The effect
of E was largely eliminated by this adjustment process. Thus with the
effects of both E and 9g" almost completely eliminated, the inventory and
service-level effects resulting from OST-forecast error were found to be

due principally to the error parameter Ig From this it may be concluded

See Appelldix Co




that this measure of forecast error, rather than

KMSE = «:Ez + E

or i

9 e
RMSE'= (JE, + E

would be a more appropriate indicator of the inventory effects of 0OST-

forecast error.

The weak effect of OE,fdr the European DSU is shown in Table VI-1. It
can be seen that for all sample items the average required inventories
and corresponding service-levels are almost identical for OE,= 0 as for
the values used in the above evaluations.

C. Most Important Error Parameter

That the single forecast error parameter 9g is a reliable indicator

for the quality of performance of an 0ST-forecasting model is illustrated

by the ranking of models that is given by o_ for the European DSU (see

E
Table V-3):
6 P (

Entire-Sample Ranking Composite Individual Item Ranking o | Rauking 7E)
OSTES OSTES OSTES (11.90)
OSTN OSTN OSTT (12.22)
OSTT OSTT OSTN (12.24)
0STM 0ST™M ‘ OSTM (12.46)
OSTNE OSTNE OSTNE (13.69)

It is seenthat there is essentially perfect correlation between the previous

ranking and that based on ¢

Similarly, for the CONUS DSU, the comparative

rankings are: .

Entire-Sample Ranking Composite Individual Item Ranking oE—Ranking (UE)
OSTES OSTES OSTES (14.1)
OSTNE OSTNE OSTNE (14.4)
OSTT OSTN OSTT (14.6)
OSTN OSTT OSTN (14.7)
0ST™M 0STM OSTM (15.0)

Again the correlation between the previous inventory effect ranking and that

given by g (for the RIC-Group) is essentialy perfect.
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TABLE VI-1
EFFECT OF OE' ON OST-FORECASTING PERFORMANCE

DSU: 703rd Maintenance Bn. ( EUROPE )
RIC-Group I
Cross-Sectional Sample of Items

Model: OSTN

S = 15 days
b : Average Inventory :
i Requirement i NIS-Rate
Item l T, #0 %, = 0 | %, 4 0 r,
Number i
i ! .
1 | 4.341 4,341 1774 1774
2 ! 13.366 13.365 .1076 .1074
3 77.397 1t 3953 .0285 .0281
4 14.467 14.465 «1397 .1394
5 23.672 23.672 .0634 .0633
6 102.237 102.228 .0276 .0270
7 8.240 8.239 .0760 .0756
8 98.903 98.899 .0188 .0184
9 33.464 33.460 | <0721 SOTLT F
10 105747 10.577 { .0914 .0913 j
11 262.364 262,328 I .0704 .0698 (
(12 L8k 11.830 ; . 0407 .0406 x
! L .
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These results give a strong indication that for the purpose of assessing

the inventory control effects of 0ST-foreeast error, the standard deviation

of the forecast error is a much more indicative measure of the inventory effects
of forecast error than is the RMSE, used in the initial evaluation of 0ST-
forecasting models in this study. This measure eliminates the forecast

bias (average forecast error) from consideration and reflects only the variance

of the forecast error about this bias.
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VII. IMPLEMENTATION CONSIDERATIONS FOR OST-FORECASTING MODELS

The above results indicate that although it is possible to obtain a
clear ranking of the O0ST-forecasting models, the differences in performance
among the models is not great, on the order of 1 to 27 saving in total in-
ventory investment value. The model that performed uniformly best for both
DSUs used in the study and for both group-forecast and item-forecast items,
was OSTES-the adaptive exponential smoothing model. However, if there are
significant difficulties in applying this model in actual practice, compared
to any other of four screend 0ST-forecast models (OSTN, OSTM, OSTT, OSTNE),
then it might well be that one of these other models should be selected as
the best overall choice of 0ST-forecast model. Consequently, it is necessary

to consider the implementation aspects of the candidate models.
A. OSTN Model

The relative performance among the OST-forecast models can be indicated
by the equivalent 7% inventory increase over that required for the OSTES model -
the 6ne Having the least 7% inventory increase over perfect-forecast. For
OSTN this inventory increase is about 0.7% for the CONUS DSU and 0.67% for the
European DSU ( see Table IV-8 and Table V-6, respectively, for the entire
sample results). The required number of OST observations for this model is
in the range from about 24 to 48. This contrasts with the number 6 for the
current system (which utilizes the OSTN model with N = 6). Thus the use of
the OSTN model would require a subgtantial expansion of the fixed-size OST
data base for storing historical OST observations. Also there would be a con-
siderable problem of initialization or build-up of the data base for item-
forecast items to that required for this model. Slower moving items would
require several years of OST data. Even items ordered monthly would require
2 to 4 years of data. In addition, to the unavailability or incompleteness of
such data, there would be the question of the relevance of OST data in the
considerably distant past. These factors pose serious problems for the

implementation of this model that mitigate against its selection.
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B. OSTM Model

This model would require about 17 more inventory than OSTES (1.17% for
the CONUS DSU and 0.9% for the European DSU). It would require a fixed-size
data base of about 25 OST observations, and thus would tend to have imple-

mentation objections similar to those discussed above for OSTN.
Ce OSTT Model

This model would require about 0.67% increase in inventory (for both the
CONUS and European DSUs) over that required for OSTES. Since the number of
OST observations required by this model is the number falling in a specified
time period, the OST data base is variable, so that allowance must be made
for some maximum number of observations. For the CONUS DSU the number of OST
observations required in the simulation for this model ranged from 26 to 69.
For the European DSU the number of required observations ranged from 23 to 57.
Consequently, implementation of this model would réquire a quite large allocation
for storage of the requisite number of OSTs. In addition, the large maximum
number of required observations would raise initialization, build-up, and
relevance problems similar to those discussed above for OSTN and OSTM.
Consequently, the difficulties associated with the implementation of this
model are compounded by not only these latter problems, but also the question

of the provision of maximum storage space for OST observations.
D. OSTNE Model

The performance of this model was somewhat variable for the two DSUs,
varying from a requirement of 0.47% increase of inventory over OSTES for the
CONUS DSU to one of 27 increase for the European DSU. This model also, like
OSTT, requires a variable number of OST observations for calculating the OST
forecast - this number being that required to give a specified error of the
forecast of the OST mean. For the CONUS DSU simulation this number ranged
from 23 to 67 observations and for the European DSU from 37 to 73 observations.
Consequently, the same observations apply to this model as for the above

variable size OST data base requirement for OSTT.
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E. OSTES Model

This model performed uniformly (slightly) best for both DSUs. It
requires no actual historical OST observations, but only the summarization
of all past observations by means of the single quantity, the most recent
forecast value. This value is then used, together with the next OST obser-
vation to generate the next OST forecast. In order to perform the automatic
calculation of the smoothing constant used in the model, it is necessary to utilize
not only the most recent value of the OST forecast, but also the standard
deviation (oE) of the forecast error. For the simulation in the present study,
the values of g, were calculated from the beginning of the.simulation. In
actual practice this could be accomplished more simply and in a more adaptive
manner by obtaining this value by smoothing. It is shown in Appendix G how to
accomplish this. It requires the maintenance of the two error measures E
and Op

Thus the data base for each item or item-group consists, for this model,
of only the three elements: the current OST forecast (f), the current OST

forecast bias, E , and the current standard deviation (oE) of the forecast error.

Another factor simplifying the application of OSTES is the finding in this
study that the use of the response time-period parameters of the model TX and TA ’
contributed very little to the quality of the forecasts over that resulting

from nullifying the effect of these parameters by setting e = = e the

min “max
specified error of the forecast of OST mean. This simplifies the OSTES model
considerably, requiring only the single parameter e for application. The
appropriate values of the smoothing constant, d, are then automatically cal-
culated from item to item, group to group, and over time for individual items
or groups by the adaptive procedure incorporated into the OSTES model. This
feature answers the objection sometimes expressed against exponential smoothing
techniques;namely how is one to specify and maintain the appropriate values of
the smoothing constants for many thousands of items over long periodsof time?
In the OSTES model it is required to specify only the desired standard error, e,
of the forecast of the OST mean. This is policy-type criterion that can be
specified quite generally for broad classes of items - or all items. Then the
OSTES procedure automatically adjusts to the error statistics for different items,

groups, and times.
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This simplified modification of the original OSTES previously
reported inthe memorandum "OST-Forecasting and Evaluating Models'",

18 August, 1977, is given in Appendix G.

Hence it is concluded on the basis of both the performance of the
OSTES model and the simplicityof its implementation, that(of the 0ST-
forecast models evaluated in this study) the OSTES model is clearly to

be recommended.
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VIII. UPDATING OF THE REQUISITIONING OBJECTIVE

The basic purpose for which demand and OST forecasts are made is for
use in calculating the item inventory control decision levels (reorder point

ROP  and requisitioning objective RO). These control levels are given by

ROP = D (X+8)

RO = ROP + Q

where
D = the forecasted item demand rate
§ = the forecasted item OST
S = the safety-stock coverage period
Q = 4.75\D/c

¢ = the item cost (price)

in principle, the best values of ROP and RO result from using the best

available values of the demand and OST forecast, D and ﬁ. The best estimates

for these forecast values at any time are those most recently calculated.

Thus the best values of ROP and RO result from updating their values whenever
either D of Q are updated. This is particularly true for ROP which controls

the timing of replenishént requisitions. If the demand rate or 0STs change but

ROP is not updated, then requisitions will not be triggered in accordance

with current conditions. This will result in excess inventories in case triggering
is too early (i.e. if demand and/or OST are decreasing) and excess stock shortages

if triggering is too late (i.e. demand and/or OST are increasing).

Present ROP/RO updating policy is to update both ROP and RO whenever a
requisition is triggered - that is, whenever the inventory position of an item

falls to or below the previously updated ROP, calculated at the time of the

preceding requisition. The updating of the RO at this time does indeed ap-
propriately adjust the requisition quantity to reflect current conditions. However,
this procedure does not allow any such compensating adjustment in the timing of

the requisition if the requisition is triggered, based on the ROP calculated at

the previous requisition update, too early or too late relative to the currently
updated ROP. Then the requisition is still placed at the present time and the
detrimental consequences of this mistiming will result. To illustrate this

effect, consider an item whose demand and OST forecasts at the time of the




last requisition were

= 10 units/month

> o)

= 35 days
Suppose also that the safety stock period is

S = 5 days J
The ROP calculated at the time of the previous update would be

ROP = 10(35 + 5)/30 = 13 units
This value of ROP is then used until the next requisition is triggered. i

Suppose that when this occurs the current forecasts are

D = 12 units/month 1
ﬁ = 37 days
so that the updated ROP at this time is ]

ROP = 13(42)/30 = 18 units.
Thus the requisition which was triggered at an inventory position of 13
should have been triggered at a level of 18. With the current demand rate
of 13/month, this translates into a postponement of about 12 days in placing
the requisition. This is, in effect, equivalent to adding 12 days to the
OST for the current requisition. The result would be a substantial increase
in the likelihood and number of expected shortages. The fact that an updated
RO is calculated at this time would in no way mitigate the consequences of
the delayed placing of the requisition. If the current values of the demand

and OST forecast are less than those at the time of the last requisition, say

= 8 units/month

> o)

= 32 days

then the currently updated values of the ROP would be
ROP = 8 (37)30 = 10 units.
The requisition would then have been triggered when the inventory was 3 units }
higher (or 11 days earlier) than necessary. If the unit price of the item
is $2, then
Q = 4.75 VB/2 = 9.5 units

3




This compares with Q = 10.6 for the previous value of Q. Thus the

inventory is 3 units too high due to use of the previous ROP, but the Q

is reduced by only about 1 unit and the corresponding average inventory reduction
is only 1/2 this amount, consequently, an excess inventory of about 2.5 units
would occur in this case.

These examples illustrate the potential importance of updating the ROP
during the interim between requisitions. Although it is not necessary to update
the RO until a requisition is triggered, there is essentially no increase in
cost, time, or effort in a computerized system to calculating the current economic
order quantity Q from the above formula and adding to the ROP to obtain the
updated RO. A similar comment applies to the updating of the ROP itself. At
the time of an updating of the demand or OST forecast it is very simple to
recalculate the corresponding updated ROr and RO. Thus it is possible to simply
maintain updated values of both of these fundamental inventory control levels and
obtain the most effective performance possible from the demand and OST forecasts.
This updating procedure would occur monthly for demand forecasts since these are
updated monthly. For item-forecast items the updating would occur on the
occasion of each new OST observation (requisition completion), at which time the
OST forecast is updated. For OST group-forecast items the rate of group OST
observations is much higher than for individual items. OST group forecasts
would not generally be updated for each OST observation. As discussed in
section IV. B above, there is no significant deterioration at intervals of up
to 30 days. The OST-group update intervals will depend upon the group re-
quisition rates and available file storage space.  These factors would have to
be taken into account in any implementation of the recommended OST-forecast model,

OSTES.
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APPENDIX A

US DARCOM LCA/LIF DATA ELEMENTS

For each LIF record (requisition) the following selected data

elements are defined:

Basic (leader) record field

CODE DESCRIPTION

DIC Document Identifier Code
RIC Routing Identifier Code
NSN National Stock Number

UI Unit of Issue

QTY Requisition Quantity
DODAAC Identification of Requisitioner
RONDT Requisition Date

D Demand Code

PRI Issue Priority

UP Unit Price
ALOC ALOC Indicator

Segment record field

MIRP Master Inventory Record Post Date
DEPOT Shipping Depot

BOI Backorder Indicator

MODE Mode of Shipment

SEGQTY Segment Shipped Quantity




RIC

AP5
Al2

A35

Bl4
B16
B17
FFZ
FHZ
FLZ

N35
S9C
S9E
896G
S91
S9T
GNO

APPENDIX B

DEFINITIONS OF ROUTING INDICATOR CODES (RIC)

COGNIZANT AGENCY

U.S. Army Tank Automotive Readiness
Command (TARCOM)

U.S. Army Support Center

U.S. Army Transport Support Command (TROSCOM)
(TROSCOM)

U.S. Army General Military

and Parts Center (GMPC)

U.S. Army Armaments Command (ARRCOM)

U.S. Army Electronics Command (ECOM)

U.S. Army Aviation System Command (AVSCOM)
Sacramento Air Materiel Area

Oklahoma City Air Materiel Area

Warner Robbins Air Materiel Area

Marine Corps Supply Activity

Navy Ship Parts Control Center

Defense Construction Supply Center

Defense Electronics Supply Center

Defense General Supply Center

Defense Industrial Supply Center

Defense Personnel Support Center

GSA Federal Supply Service




APPENDIX C

MODIFICATIONS OF THE ANALYTIC OST-FORECASTING INVENTORY CONTROL EVALUATOR

In the memorandum "Analytic OST-Forecasting Inventory Control Evaluator",
R.H. Davis, 13 September 1977, were derived the formulas for calculating the
inventory and service-level effects of OST forecast errors for individual items
The formulas used for the average number of backorders, BO, and the not-in-stock
rate, NIS, were the usual formulas that apply when shortages and backorders are
not too large. However, it was found, especially for the CONUS DSU that has
a quite low safety stock average period (5 days), that this assumption was not
satisfied and therefore the formulas were modified to give more accurate results.

The original expression for 20 was

BO, =D-BO/Q
where

—— 2

BOO = (¢"/2D) - G(v)

2
G (t) =0,5e - (at™ + bt)

a= ,362805
b o= 1,513
t = ( ROP- u)/o

In the exact formula for an , G (t) 1is replaced by

Gl CEY =G (| £F g )
where
q = Q/ o
Consequently, this change was introduced into the evaluator.

Similarly, in the exact expression for the NIS, E (t) is replaced
by E (¢) = E ( t + q).

The expression used by approximating E(t) was for the form

' 2 1 \
- +
Eieyes 3 (a' t B )




This formula and the one given above for G(t) are good individual
approximations to their respective functions, however, there is a theoretical

relationship that exists between G(t) and E(t):
BCE)Y = . = 0.5 (dG/dE)

It is important when evaluating small differences in performance of
alternative OST-forecast models, as was the case in the present study, that
this relation be satisfied. Otherwise anomalous results can occur - for
example, non-optimal safety stocks can yield lower total cost than optimal
safety stocks. Consequently, the formula used for E(t) was that given

by the above relationship:
E(E) =" (2at £ BIGE)/2 .

A listing of a FORTRAN computer program for the modified analytic inventory
control evaluator (ICEVAL) is given on the next page.
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APPENDIX D

SYNTHETIC 5-YEAR OST TIME SERIES FOR THREE TEST ITEMS

DSU: 704th Maintenance Bn.

RIC-Group I
Item No : 1 2 3
NSN: _ 7146156 6784131 1345093
X = 40.1 days 31.9 days 63.8 days
¥ " §Zazel T 18.3 *
Origination Origination Origination
Time OST Time 0ST Time 0ST
Day 2417%* 36 days 2419 36 2408 80
2434 44 2425 25 2412 43
2444 27 2429 23 2412 69
2444 51 2445 33 2413 59
2457 38 2450 22 2426 2
2464 30 2458 25 2426 91
2465 35 2460 46 2443 79
2476 57 2462 31 2444 70
2491 45 2464 35 2464 b4
2495 49 2472 19 2472 51
2513 3t 2479 24 2473 60
2516 63 2495 40 2476 AT
2521 = 2504 29 2495 36
2528 32 2507 26 2495 78
2534 64 2510 39 2512 L4
2536 - i 2945 18 2527 50
2541 35 2533 33 2530 - 41
2545 25 2539 22 2538 107
2562 41 2540 27 2540 3
2565 60 2542 35 2563 63
2584 36 2547 24 2564 51
2588 35 2548 31 2569 63




)

2597
2620
2621
2621
2625
2632
2643
2663
2687
2687
2688
2699
2709
2715
2724
2735
2742
2754
2765
2774
2787
2794
2806

* Days are from a 1 Jan. 1970 origin: Note that time scale has been compressed by a

factor of about 5. This is for the purpose of using the item OST series as the

22
31
18
5k
47
44
40
29
53
76
27
23
28
30
36
28
41
52
43
42
38
68
83

N = 45 days
X = 42 days
cx- 15 days

APPENDIX D
2550 42
2553 22
2566 22
2569 32
2571 30
2606 21
2615 47
2616 24
2621 28
2626 23
2645 21
2650 30
2656 36
2660 22
2670 39
2700 35
2700 40
2704 45
2705 34
2708 39
2712 29
2712 37
2716 32
2716 39
2730 28
2730 30
2732 37
2741 28
50
30 days

7

days

(Continued)

2587
2594
2600
2604
2609
2610
2617
2640
2644
2673

. 2677
2685
2696
2696
2701
2704
2708
2708
2709
2711
2714
2719
2731
2736
2765
2769
2779
2780
2790

57
96
107
129
56
50
45
40
7
44
60
67
44
68
54
52
72
99
90
69
42
60
63
60
40
46
57
96
60

51
64 days
20 days

forecasted series together with the (sampled) RIC-Group I OST time series for generating

the forecasts.

Thus the item and group OST series cover the same time period.

D-2
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APPENDIX E
202-0ST SAMPLE TIME SERIES
DSU: 704th Maintenance Bn.(CONUS)

RIC-Group I

Requisition Dates *

2373.002415702416e002816e002416e3C2420002423+302426400 ¢ 02427437
28234002430,0024304002630,0024 30.302«33.c0243§:c02434.ccgzg; 3~;fi).'5
38360002437 0032041¢0024820002484e"C26404e0004474000447¢3)24430702443 073
34434C02851e02028514C728514C0245140C20564002455,002458¢0C2453¢002%53¢3°
2461e00246142028624,0C246840024680002468¢202470005247Ce00247143024724%7
247240C2472e202476400247600024766002430¢002480¢0028824C02483400243% ¢00C
24844002486.0°24864002686¢00249160C24326002498¢4C02501¢002505202523e00
2512¢3002514e20251520251500023523¢002526+002527+0C2528¢00250703025224C9
2536, oﬁszc.:czsaa.ccasas.c:asae.cczsss.c:eSUC.ctzsol.cc?555.35555§.::
2566e00256640025664002556e00256G+0025734002572000257300025794002579 400
55375 400253Ce002581002583¢CC2588¢0C2592¢3C2592e0025934072534e3025235e00
f59§.002599.332597o09¢600.002601cOCZéC?oCCZéC?.OCBOCB-7&26CH.3‘25;3.;'
2613¢002613¢522613¢202613¢002613¢0C25166002620¢CC262003C20621¢902021 o0 3
2624400262840025304002630¢C02632¢6002635¢002637e0C2638+0025410302561 «C0
2641¢02264240026444002644e0026444002644¢302645¢00264840020643e7C2049e00
285C040C2552400265540026574002659+0C26614072664+002664002660430 2859407
367040025671 e0326724202076e002676e002677a702677 005678400207 5030052053
2£84.002685.0026864C02588¢0C2690e0025632.002667+00269340027%24302711 ¢00
27114002711e2027132¢0027140e00271540027156072718e¢00272140C2722¢752725073
2728.002732.0027344002735 .ooz*:ss.oc.a*x:;s.302735.002735.0657?5.'7”'2"30.4Y
27414002743620 T ity TH
0STs (Days)
43400 2700 26407 26400 45+00 2250 19400 22.00 92400 3540C
33400 26400 32e¢30 S3400 B8B8¢CO0 2195 ~S6600 57400 35,9 33460
27¢3C 24400 50670 8200 1900 32¢C0 23¢0C 84400 23¢3C 38430
95,00 29400 F3.00 4000 7800 68:00 2200 2200 2600 TiefC
3Ce00 67470 85620 30600 40400 93600 42600 91¢80 55¢98 34428
54400 57600 30620 50600 7Ce00 26400 62600 25,60 32430 224C3
56400 29400 S0+00 61+00 23400 26400 20600 2700 30490 31400
33600 3100 27600 BGe00 4200 32,00 #2609 84.0C 51+00 41490
29400 57600 30eC0 42400 55,00 42,00 28600 4009 32.00 534C0
20,00 2900 S0600 75400 67600 22660 28400 59408 4S5.02 85.28
33400 43400 26400 6900 49¢0C 31600 63400 39407 48,30 43420
2700 42.00 35.C0 41400 4C+C0 23400 34409 29C0O 33929 59e0C70T
25,00 28600 28600 28600 B82,0C 2900 24¢00 49¢0C 28.00 23439
28,00 21600 20600 5400 £8s00 2900 3200 B4:00 22670 &320C
51000 38,00 25,00 32400 32400 47430 31600 284,00 23.00 234CC
47600 286400 21600 21600 29400 26400 2G¢0C 38.00 13,90 59408
56400 31600 39600 26400 35,00 25,00 49.00 29.00 86.0C 27400
27400 80600 385,00 63:00 S3260 31600 I5¢00 64,00 BaedDC 3000
32,00 59600 30600 27600 35400 36407 25600 2700 21490 274CC
2“.'.‘: 240::? 290:: 21-03 2‘%0:": ?";-’:(‘, 3..50?': 74-‘:0 30-’:'; ..3'\:..
30,00 23.00

* Number of days from 1 January 1970 E-1"
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APPENDIX F

205-0ST SAMPLE TIME SERIES
DSU: 703rd Maintenance Bn. (EUROPE)
ALOC Requisitions

RIC-Group I

Requisition Origination Times *

% n e ZAD L ANIEB R 00259306 230253C L2
256040025624202563¢0025734C0257540C2575200258C42225083,0025 G7eCA
23301302591.00250310025952002595:002596.0C25364002595+202597 302537 +C
2597+0025%84002600.002002,002043 ke 00 e e 0 e 5630 . 662633, 002624e30
3617.?02615.?C2o13-3:22;3-22ﬁ?1?‘gggzig'gggﬁfi:iggﬁtz:ﬁ5::?5:772jiT:??
2525400252600 2626400262640C252F0 A ANDE IS ALIBID S CO2E e)02635400
2630400263C+C00263C+0026314002631.002632.0026329C26324802552 4522052 248
3535'°°2°35'¢52“3°'C”d?3°‘025?“«°'i;;;o’XA\éZQ'Féibaz.cczaaz.chéQ5-30
25434302648440026444002 . b AR5 682.302 0268 02633462
2649.602649.0026?0-OC2650o0026=£ Cc255“:1??;;'335223:23325323:;ggj.7:
233810028541002525:002225:062655:6C5555:9026594CC2659.002660420255G 433
26583.0C2635840¢ e 00263 LA A 0C266440C25664172665¢3 3
2£604002606Ce272600 “9259“'C”Z“é"giigi'oiéiiél502627:c~2007.oaz°sr.ca
26654002665, qcasos.oocsos.ggzes cca B e Tl 0567 HAO&TR AN 53200
Zﬁsg,gngoa,va2n71.2?ﬁ vl.,ﬁda?l c?;77.~;>é7;.66567’ ,3?57g'33207d,g)
20P3-002678u0 Caa T Al CRe I 267:'co;‘al"éSsrx.~r>aa2.r*9~d).363w*a-if
257 g.jh?ﬂ?g.ﬁ02h70 OF¢680._J568 o0 2:87.5”;637 305687, c;2585.3:25$4.ﬂ)

AC ( ‘-‘loC"“'?lr.‘»c” el LaBh9zel va o o a 1o e e e 5572 Y2729.00
3s;i:éJ‘534.cozoys.cazeas.ocaaaa.cnzooq 002721 002722202 723233272940
273440027374C02737,3027374002737,CT

Requisition 0STs (Days)

284000 650400 111400 37600 35.0C" 354600 8700 27.07 75420 92400

145400 25607 13680 2200 113.CC 19+5Q &7 30C 116sC9Q 1858 194086
3‘.00 25.:0 ‘.2“.0" ‘)6 ﬁO SQ.CO F)COOC 7“00« 5400.\ 1’300\‘.\ *f*oC"
5360C 38,017 42e4CN 46400 474,CC S3e30 23 +¢00 50«50 4246 3C 14 ¢C O
23.0C 34,00 39400 39400 31¢00 3€ed0 49¢0C 74600 33¢90 43.00
SCe0 50420 1124C0 29¢07 62.CC 26402 26607 23404 11070 21233
23400 24400 3Ce0C 35,0C 74400 45480 27400 28409 30e306 37.73
49000 S57400 25490 25400 26¢0C 4Ce00 232400 328BeCh 167¢30 32.00
71400 274CO 36400 37400 43400 6Ge00 3440C 42407 25400 33.20
17600 21400 20400 2340C 19¢0C 2CeC0 26¢CC 2500 29¢38 39454
23600 49.00 25400 25400 3Ce0C 22450 23¢0C 23400 23433 2770
3GeC0 35400 41eC0 21400 22¢0C 23400 2640C 44403 28630 21 e28
21400 26400 614030 24400 24400 25600 29430 36400 79409 32.00
2300 29+0C 28600 3308 ceCeCC 26 0C 274CC 19272 299G S 4 N0
24,00 44400 214900 23400 28400 4120 4300 20e¢0C0 224720 19420
186CQ 39400 18408 22400 26400 32400 42600 47600 1799 25.00
46420 28400 404CC 27¢00 39.0C 22600 43400 30402 62¢00 33033
JOeQC 28400 ABeCO0 26400 25:3C 25:77 39¢C0 6200 33430 2H¢IA
236900 28600 330’:0 Jb.CO 2:>an 5C-C3 2600 e8CD Sde¢ D 23ev )
27002 43,00 26420 40600 45.3C 2500 42.CC 34e60 23630 32405
27400 18,00 18400 18600 21,00

* Days from 1 January 1970




APPENDIX G

SIMPLIFIED MODIFICATION OF THE OSTES MODEL

In the memorandum '"OST Forecasting and Evaluation Models'", 18 August,
1977, pp. 17-20, the original OSTES forecasting model was described. It
involved two response time-period parameters:

Tx = the effective OST sampling interval

TA = the effective demand-rate sampling interval
These two parameters exert the primary control over the automatic adaptive
calculation of the smoothing constant, o« , in the procedure. Two additional
parameters that exert secondary, and overriding, control over the a cal-
culation are e and e the minimum and maximum desired 7 error in the

forecast of thginOST me3a~ One of the simplified modes in which the OSTES

model can be used is to nullify the effect of the two response parameters

Txand 'I‘A and to utilize the single parameter

e = e = e
min max

to control the adaptive calculaf&on of the smoothing constant, a .
The adapative formula for a is:
2.2
o = 2. (e . %) /og

where . ; s
X = the current OST forecast

p
OX = the current variance of OST forecast error

The updéted OST forecast is then given by:

A N

X = a X+ (1l-a) « X
where

X = the current OST observation

This procedure is very simple, but it depends on mantaining a current value
of the forecast error parameter 9¢ - This quantity is related but not
identical with the RMSE measure of forecast error, This relationship is
given by




APPENDIX G (Continued)

RMSE = g + E

where =
the current value of the bias of the

OST forecast (average error of forecast )

So an updated value of o 2 can be calculated from

E
o, 2 -~ puE . g2
E
where RMSE2 and E are updated values of these error measures. During

the 0ST-forecast simulations in the present study the error measures

(RMSE, E , Op ) were calculated directly from the time series of forecast
errors generated by the simulation. In practice the values could be

simply updated by exponential smoothing. Using a smoothing constant
corresponding to about 20 past 0ST observa;ioné,:these updating formulas would
be

E=0.1(X-X)+0.9E

> M

RMSEZ= 0.1 ( X - X )2+ 0.9 RMSE?

where quantitites on the right-hand side are current values and those on

the left are updated values. Then the updated value of OEZ is

952 - RMSE® - B2 .

The simplified procedure is then

1. Specify the forecast error parameter, e .

2. Specify current values of

ﬁ = the OST forecast

X = the OST observed value

E = the OST forecast bias

cEz = the variance of OST forecast error




APPENDIX G (Continued)

3. Calculate

7~
" = {3e*3 X 7 oEz
2 Gl
RMSE ™~ = OE + B
E 0.1 (E=%)+0,9%
OEz =03 (T ~%) -89 nEE” ~ &
N\
? =X+ (1l-a )X

A =
4, Save X , E, o 2 for next forecast.
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APPENDIX H

LISTING OF OST-FORECAST ERROR SIMULATOR/EVALUATOR COMPUTER PROGRAM (FORTRAN)

STATS TRACE CDC 670C FTN V3.3=-3S5F IP7
PROGRAYM STATS (INPUTWTAPZ1 TAPE2,QUTRAUT,,TAPLL=0UTRPUT)
DIMENSTION [A(8)
READ (2+1) 1A
FORMWAT (HA1D)

READ(1,1111) INOXX

1i11 FORMAT (I11)

WRITE (Leil23) INDXX
&3 FORAAT (% NUY33IR OF DATA SETS %,12)

DD 997 INDX=1 4 INDKX
PR INT 54.1A

5] FORMAT (1H1,8A10)
PRINT 7

7 FO<SMAT (% PRUOGRAM CSTN x)
CALL. OSTN
PicINT A

3 FORMAT (1H1 % PROGRAM U5T4%k,/)

CALL OS5TM
PEINT 9
9 FORAAT
CALL. 0S
PRINT 1

Hlo* PROGRAM USTT*,/)

— -

(
1
(s FORMAT (1K1 s %*PROGRAM OSTNE *,//)
CALL OSTHNE !
PREINT 11
11 FORMAT (1M1l +* PRUGRAM OSTES%,./)
CALL OSTES
PRINT 12
2 FORMAT (1H1ls% PICGRAM OSTDES*®,./)
CALL USTDES

PRINT 13
3 FURIAT (1H1+* PROGRAM CSTNP%R,/)
CALL O53TNP
PRIMT %4
“ FURMAT (1HL o % PRUGKAM OSTESP%,/)
CALL 0OSTESP
F o) PRINT 21
21 FORMAT (1H1+% PROGRAM O5TR. LEAST SQUARES T2ENDLINE e%,4/)
CALL OSTR
PRINT 22
1444 FORMAT (1H] y% PROQGHAM O5TMUO. MUDE SEA<CHex,/)
CALL O3TMO
AR CONT INUE
STOP
N
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SUBRAUTINE C
COMMAON /s t
RZAL M
ReAD(]
FORMAT(
PRINT 1
READ(242
READ (2
READ(Z
RIAD(2
FORMAT
M=C,

STN
1o TE2000% X (2000 Y o TSE220D) o XS (26GIC)

Ui

—~e . e e
O R
ODOONOe =0
B PO
NAmmamme o«
e K= K4 N
NN ~md T
e S I
i — e o

IF (TSKeL
DY 30 1
K=K=1
S=Ce
MNN=T
D0 28 J=1.1
fJ=I-J¢l
NNN=NNN+1
SESEX(1J)
IF(NNNEQeNN)GO TO 27
CONTINUT
XX=S/NNN
1P1=1+1
TIP1I=T(IP])
K=K+l
IF(KeGTeN1)GD TO 70
TSK=TS(K)
IF(TSKeGE«TIP1)GO TO 3
M=M+1 .
E=XX=X5(K)

)
T

oT1
1C+

-
o
(®]
L
(@]
)]

T
c

-

O

SE=sSE ¢t

SAE=SAZ+ABS(E)
ER=3C/4

AE3=SAZ/M
TE(MsGT ele )60 TO SO

A= (SEZ=(SZASE/ZM))I/(M=14)

SIGE=SQRT{A)

SIGEU=SIGF/SCRT(FLGCAT(NNN+1))
PVSE=2SURT(SIGE*SIGE+ER*EY)

T (ol (RMSE=S5RASE ) XR2/G+ ¢ 3 %S55AIMS €S55RMS5Z)
CRASE+ e 3 AGIRMSE

GEZUXS [GEB4EUXED)

¥SEMSE)

i8]
JELT*ORLT/Q443%5RH
it e USRS EY
SICEVSIGEBYAES I RMSE ) SSAMSE 1 S3SAMSE W RUSEB SRV 520

CONT { NUI

COMNT INUE
WL TUuWN
END
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SUUBROUTINE QSTM™
COMMON LA NIsT(2CEE s X(E220C Y5 TS 200D} » X5(280C)
RLAL M
READ(1s1CINSIC 11 ¢NNygN1
i€ FORYMAT(5130¢7F7e2)
PRINTY 1CeNeICT,11,NNyN1
€ p2C JETUI)eI=1aN)
(= e CHOXCE D)o I=1aN)
(& v2CH(TS(I)s1I=1,N)
C WJCIIXSCI)eI=14N)
20 (1CFT7e2)
3
.
5
LTeTIN)IGO TO S
=[Cs11
1 o NN
=1+ NN
XL=xX (L)
IF(Xl.eLTaY)IMM=AM+ 2
IF(XLoel,EeY)MMNMN=MMM +2
IF(M14e0T«NN)GC TO 32
Ja CONT INUZE
IFC(MMaLE «NN) s AND (MMM eGT o NN) IGO TO 36
32 CONTINUZ
36 XX=Y
PRINT 2C XX
IP1=1+1
TIRPI=T(IP1)
24 K=K+
IF(K«GT«N1)IGO TQ 7C
IF(TS(K)sGESTIPLI)GO TO 38
M=t441 o
E=XX=XS(K)
SE=SE+=
ScZ2=SEctr*=
SA AC+ABS(E)
(AT /M
AE AE/M
IF(MaGTele)GC T SC
SI1GE=%
GC TO 62
C Az (SE2=(SE*SE/M))I/ZiNM=1,)
” ) SIGE=92RT(A)
SIGLEH=SIOGE/SCRT(FLCATINNEL))
RASE =SAURTISICE ST GE+ . t3%i3)
RMSTHz6QnT(SIGILSTIGEU+Sd%E )
DLLT =ML B=538M3" 0
SAMSE=0URT (s Q% PELTEDELT/ Y4 AXSRUSE € TRMS S )
SRMSED=¢ f*RMEEut o 2XSPRMSEY g
et - . ¥ -
\,1’) ff’l‘,,“ o XXo EJdooICEWSIGEH AL RMSE s WMSC 1e SRMSEJ s SRMY
2 COUNT INUZ
0 CONT INUE
K TynN
b ‘ ENO




THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COFY FURNLSHED TODDC  —er

PIMENS L ZR 2R R Y le L 60 )
COMMLN /1 NLeTUZ0CD) ¢X(2330)4TS5(2020)¢XS(2022)

e 12 011 o NI NY
AEZac)
ICoelloNNoNI
TCL)el=14iv)
X{I)sl=1sN)
FS(I)ul=1] N1}
LSCL)sI=14N)
L «2)
M
S
St
S
S
SSRH
S§SSF
SaMs
TI0=T
K=2
K=K+1
TSK=TS(K)
IFCTSKWT«TIY)GR TC 5
DWW 3G 15IC .« 1Y
K=K=1
DU 13 L=1,NN
L2=L+1-NN
Y(L)=x(L2)
CONT INUC
CALL SCRTAG(Y sl oNNs2Z)
LO=1
L1=NN
FN=FLCOAT(NN)
By (L)
C=y(L 1)
IF((C-d)elLTele)GO TG 65
A=(B+C)/C .
2O 40 L=L0sL]
IFCY(L)«6T«AYGY TGO 4S5
CONT INUL
FL=FLCAT(L=-L?)
IECYLL)Y dLT e N)FL=FL#+1 o
TECFECLE s ENA2»)GQ TE 5
C=A
IF(Y(L)eGTeA)LI=L~-1
FN=FL
GO TO 25
IF(FLoEQeFN/72e¢) GO TQ 65
B=A
LO=L
FN=FN=FL

I1P1=]+]
TIFI=T(IPL)
K=K+1
IF(Ke «N1J)6GA TC 7€
SK=TS5(K)
IFCTORMGE«TIRTLIGO TO 3C
=i e
=XX
==3
£E0=
Af
8]
-
F

SIGL/ZSCRT(FLCAT(NN®L))
ITUSTICECS ICL *THRER)

SR T ( a W (RNSF=SLEMSE)®%22/9+e82555RMEE %
£ GRASEF s IRHERM 5e

T(SIuheeSIul.s+EB*EL)

v
t
%)
w
w
pel
=
v
I
-

DELT >t ieghkMsde
§ SE=SURT( e *LELT*DELT/Y4 e 3 %SAMSERSRMSE)
L™ 0 MMVET (g PEGIMGE 4

H=4

DO eXX el e 3IGE VS TGEUIAEB e RMSE ¢ SSRMSE ¢ SSSRMSE RS .




AD=AD63 099 SRI INTERNATIONAL MENLO PARK CA DISTRIBUTION MFG AND==ETC F/6 15/5
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MAY 78 R H DAVISe: D P HERRON DAAG3IO=TT7=C=0095
UNCLASSIFIED NL

JoF D END
= = DATE
4 FILMED
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L
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SUHRJAUT INS OSTT
CUMMON Z6/ N1oT(2CCC)eX(22C0)eTS(2000) XS (2020
REAL M

EEAD(1 010 )0 I0 011 eNLeTTHEMAX EMN
FORMAT (413, 3F742)
1C e 12011 oNLsTToEMXEMN
$2CHITCLI) o 1=1sN)
W 2C)IXCL) oI =1aN)
$2C)(TS(I)eI=1sN)
P EC)IXSCI) ol =10N)
(1CF7.2)
TI?)GO TO S
Il
T
-Ee G2 TO 32
( E/XX/SMX)¥%2+ ,5)=1
LE NL=1
(( Z/XX/ZEMN)%KE2+45) =1
Lz NU=1
1< o NU
J=
Sl=J+l
T1JU=T(1J)
IF(M4eGTele)G2 TO 21
IF(TIJ«GTLTRP)ICC TC 23
L0 T 45 -
IF(NN«EQeNU)GU TO 4S
IF((TIJeLTeTP )o ANDe (NNeGESNL))IGC TO 45
NN=NN+L
S=5+¢X(1J)
CONTINUS

PRINT 1€ ¢NN

PRINT 27 XX

IP1=1+4]

TIPI=T(IP1)

K=K+1

IF(KeGTeNI)GU TC 7C
IF(TS(K)eGELTIPL)GC TO 30

TXX=X3(K)

SL=SE+C

SCe=SE2+L T

SAF=SAZ+AUS(E)

EQg=3E/"

AEB=SAF/M

IF(M1¢GTele)3U TO 5¢C

SIGE=%,

GO TC &9

A= (SE2-(5c *SE/M) )/ (M=1,)
STGE=SGRT(A)
SIGEd=31GIE/SCRT(FLCATINN))
HMSE=SORT(SICLRSIGE+EUSLD)
RMSEE=SQR T{ 3iGEN¥SIGEn+ZU%E)
DELT=RMSLU=5KSo Y
SRMSEZSORT( o SDELTHDELT/9+e3%SRMSEASRMSE)
SRAGELZ ¢ 2% IMS-He o3 #MOED
FNN=FLOAT(NN)

PEINT 230 XXoFNNsCUoSIGE o SIGEUIACB s RAST ¢ AMSE Y ¢ SRM3 I SRUS S
GC TO 24

CUNT INUE
COUNT INU-L
WLETURN

eND
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SUBROUT INE OSTNE
COMMON Zt3/ N1 ,T(2C00) X(2200)4TS(2

LI e e LR kY
NV ~~ Tir

M=C o

NA~0O0e

M= n
ODONme e
e O

.~

wLIaPpam
AN R ]

XXV~

WU DDy
x

+

-

TSK=TS(K)
IF(TSKeLTSTIZ)IGO TO S
03 3C I=1C,11
IF(2eGTol o INNZINTI(SIGE/XX/EE) *%24,5
IF(NNeLE e T INN=T
PRINT 12NN
K=K=1
S=Coe
NNN=2
111=1=1
DO 25 J=1,1
[J=1~J+1
NNN=NNN+1
S=S+¥(1J)
IFINNN.EQeNN)GC TO 27
CONTINU=
XX=5/NNN
PRINT Z2J¢XX
IP1=1+1
TIPLI=T(IP1)
K=K+
IF(KeGTeNI1)GO TC 7€
TSK=TS(K)
IF(TSKeLESTIN1)GO TO 28
M=M+ ],
E=XX=X3(K)
SE=3C+E
SE2=SZZ¢LsS
SAE=SAE +ADS(E)
E3=SE/M
AEE=SAE/M
IF(MeGTele)GC TD €0
S1G%=0.
GJ TO »C
A= (SL2=-(SReSC/M))I/(M=1,)
SIGI=9QRT(A)
lhf“'SIu‘lﬁu”T(FLPAT(e%v))
"":SQQT(;]Q"<Xu=0(uU )
A3 d=SART (S 1 nv;'slu-n0~UtCu)
DfLTzuvbtu- RitSEU

TIVV-

SRAMBE=SONT e 24 0ELTADELT/ T4 I4SRMSIT & SAMSE)

SRASCU=Z 2 *AMSER+ e ASSRMSER

=1

CI2)+XS(22CC)

PRINT 2CoXXoEJoSIGE oSIGEULACUIRMS =, SMSEBSRMSEBSRMSC

GO TO 24
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SUHROUTILE
CUMACN /b7
RCAL M

20
-
o~
-
»w
0

o

4

e X AKX A=T =

1
1€ FUKMAT

B e ' L

conn
.
m
>
<
= TIRININCE B v
AN N e s
Mo~ Z o~
— e tme N
e e

Nmommeme o
NWINAS~ T

2¢ FORM

SRMSE=C,
K=0G
K=Ke!
IF(TS(K)
DC 3C 1|
K=K=1
IF(Mel.Sele)GC TC 25
FNL=(SIGE/XX/FuX)se2=]
IF(FNLeLT el )IFAL=2
FNU=(SIGCE/XX/EMN)w42=]
IF(FNUeLT el )FNU=2
PRINT 22 sFNLFANU
35 111=1=-1
FN1=TCEL/DEL
IF(MelLEele)GC TO 27
IF(FN1 oLTeFNL)FNI=FNL
IF(FNLAGTFNYIFNLISFAY
37 ADEL=Z2e/(FNL1+14)
DEL=ADCL*(T(1)=-T(I11)=-DEL)+DEL
FN2=TX/DEL
IF(MsLESl )G TC 29
IFIFN2eLTeMNL)IFN2SFNL
IF(FN2eGTeFNU)FN23FNU
29 AX=24/(FNZ#+l,)
XX=AXBEXCT)=XX) +XX
PRINT 27 ¢FN! JACEL +FN24AX s XX
1P1=1¢])
TiIe1=T(IP1)
28 K=+
[F(KeGTeN1)IGO TO 70
IF(TSIK) e GTWTIPI)GC TO 37
M=M+ 1,
E=XX=XS5(K)
SE=SF ¢=
SeZ=SE2+E *E
SAE=SAC+ABS(E)
Ed=35Z/4
ACy=SAL /M
IF(MeGTele)GC TO SO
SI1GL=C.
GG TN o¢
5C A=(SE2=-(5:2
SIGE=3QRT(
6Q S1eld=51G%
“MSE*bUQT(
RUSEg=5urT(
DELT=RMSEH =GR
SRUSL=SIRT (.2
SHUAGE U= ¢ 2 &AM S ¢
PRINT ;C'K‘.n’."'
GO TC 2a
33 CONT IS
re CONTINUE
RETURN
ENOD

(&)

LTeTICIGO TO 3
1,11

L]
A)
/S 2)

St GC'EH‘EU)

5 SICEn+CueEn)

*SRUSEa

lel-d

H-7
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C)oeX(2C202)eTS(2C22) o XS(2C23)
oNL o TOEL o TXSDELC o XXC o EMX ¢ EMN
DELs TXsOELC o XX0 o EMX,EMN

VYRELT/Z94 4 A%GRMSC*3RMSE )

EoSIGEUsATUGAMSE s RMSE S e SRUSE s SRUSE

e .y e -
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SUUROUTINT CSTOES

CCHACN /B/ N1eT(22CC2) ¢X(20CC)1eT5(2020)4X5(2CCO)

KC AL 4
9 SAC 9 59XC s EBU2

OUVMNPM N e =0
MOTITVIOZ (4~
Ne—wowees 2
e mAm Ay
NN A 4D T -
Ui~ me N

SE=)

SFM

K=K+
;§(TS(K).LT.YKP)GO TO S
DO 3C I=IC,.I1

K=K=1

IF(1sGTe0e)GC TO 237
SX=35x7

SSX=5SX?¢

Eou=5du?

AEE=ACZ02
TSS=AdS(EBB/AER)
IF(TSSoLT.A Jgu TQ 22
IF(TSSeGTLAL)GU TO 34
ALF=TS5
GO TO 3%
ALF=AC
GO TO 3%
ALF=A1
IF(KKeGT«C)IGO TQ 2
KK=1
EBO=SALS*(SX=X(1))+
AEE=ALF#AUS(SXx=-X(1
GC TO 31
SX=ALFA(X(1)=SX)+SX
SSXL=S5X
SSX=ALF*(SX=SSX)+SSX
XX=5X4Fe(SX=5SXL)
PRINT 2C ¢MoALF s TSS e XX
IPI=I+]
TIPL=T(IRL)
K=K+1

IF(KeGTeN1)GO TO 79
JIF(TS(K)eGESTIFPLIGC TO 27
M=M+1,

E=XX=XS(K)

SE=SE+E

SE2=S1L24E »F

SAE=SAC +AGS(E)

Eu=SE/M

AEUJE=SAC/M

IF(Me3Tel1e)GL TU 5C
SIuF=0.

GO TO 6&C
A=(SE2~(SE*
SIGC=SART(A
SIGEd=SICE Y/

Ty

e
(le=ALF)=ENB
))+(1e~ALF)%AED

1)/ (M=14)

((2e/ALF)=14)

SIGE+EH*(n)
UASICEB®LURTA)

MSTts

"

RMSZ=5UNRT
RUGEN=3QRT
DELT2RY3E Y-
SKUMSE=S5AOKT (o2
SEMGED= g Z¥RMST L+ s O ERMSTH

SE
)
S
1
3
3k

PRINT 200 XXoFUedICEeSIGEUALUH,, AMSE,

GC 10 24
CUNT InNUE
CONTINVE
E TN
END

/

s AEUSC sAC 4 Al oF

1 O3XTIEBHC yACEC AT AL F

LELTROELT/ 34 A*SRAMSLIRVST)

RMSZtde S1¥MSI e SUASE

e < e A———————— Y AR T ey copee
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. SUJRUUTINE QETR g =
COUMMON /137 N1oTL2CG2) oX(20CC) 4 TS(2C20)4XS(2C5C)

e NNeNI1

W iare m

Mewww el

LR ESE VR TS E 2

N~ me o Z
® X AX =
NN~ M=

Y Cr

2¢ FURY

SSRMSE=0e
5SS<MSE=0s
K=7

K=K+1

«i

DO 4C J=1.NN
1J=1=J+1i
XrJy=x(1J)
wW=1e
A=A+vuxlo%x]J
B=+wxld
D=D+N
EzE+weX1J%*1J
4l FFewsXld
DEN=ASD =%y
AA=(D¥*Z-u%F)/CEN
BB=(A%F=-B%&) /0EN
XX=AA%(1+41)+pt
IP1=1+1
TIPI=T(IP])
26 K=K+l
IF(KeGTeN1)GU TC 7C
TSK=TS(K)
IF(TSKeGLeTIP1)IGI TC 3C
M=M+] .
E=XX=XS(K)
SE=SE+F
SE23SC2 ¢ *E
SAE=SACZ+ALS(E)
EQ=SE/M
AEB=SAE/M
IF(MeGTola)GC TO 58
SIGE=",
G0 TO -0
[} AAAS(GEZ=(3E%SC/M) )/ (M=14)
A SIGE=SORT(AAA)
49 SIGEDB=SIGL/SCRTIFLCAT(NNSL))
RMSE=SURT(S51GIZ+SIGE+LBREY)
SSSRMSCSSGQY(-3'(RVSC~5$4M$E)‘-?IQOoHOSSSQMSE‘SSSQMSC)
SSRMSE= 4 24RUSFE+ o B¥SSRU S
RMSEE=SORT(SIGERSSICEU+CH*ER)
DELT=RYSER=ShM3EU
SPEMSE2SORT( e ZP0ELTHOELT/ 54 o 3%SRUSL &S AMSE )
SRMSEU= e 2% <MSTR*ec*SPMSTY
PRINT 20 eXXeEy SIGLvSIQ:UQlEU.R“SEvSSRMSE.SSSGWSioaNSL"c:ﬁMﬂLd
PRINT 27 4SRMSE
GU TO 24
.27 CONTINUE
70 CUNT[NUE
RETURN
ENL
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SUHRCUTINE CETANP
CCMMYCN b/ L. T

FEAL M

K=K+1

TSK=TS(K)
IF(TSKeLTeUT)GO
K=K=1

KK=KK+]

IF(KK«GToNIGU TC 7C {

TKE=T(KK)
IF(TKKeLESUT)GO
KK1=KK=1

NNN=C

S=C.

DO 15 J=1,KK?
KKJI=KK=J
NNN=NNN+ |
S=S+X(KKJ)

IF(JsEUCNN)IGO TC 17

CONT INUE
XX=5/NNN

PRINT 1C ¢NNNKaKKL ¢ XX

UT=UuT+U0 1!

C 'N AN GNULD oNL oUDT L UDI
F7e2)

N
1
I
(
(

(20C0) o X(22CC)eTSIZ209C ) eX5(2007)

VLW NI s UDTHUDT
Jols=
ol
1)
1)

TO 7

TO S

IF(UTGT4TTIGC TC 7C

K=K+

IF(KeGTeNI)GL TC 7C

TSK=TS(K)
JIF(TSKeLEUT)GO
KaK=1
GU T 35
MzMel .
E=XX=XS(K)
SE=SE+=
SE2=3L2¢+EE
SAE=SAC+ABS(E)
EB=sSE/Y
ACH=SAE/M
I1F(4eGTeledGC T
SIGE=C.
GO TO &0

TQ 35

0 s¢

A= (SEZ=(SCxSE/MY )/ (M=1y)

SIGE=SQRT(A)

SIGEL23IGL/SCAT(FLCAT(NAN))

KMSESSORT(SICE»
PMSER=SORT(316E
RC=RMSE/ZXX
RIY=2RUSICL/XX
PRINMT 2CoMe XXy
GU T) 2a
CONT INVE
CONTINUE
RE TUKRN
END

SIGL+EIv=12)
UeSIGEu+Eu4CTH)

EDeSIGEsSIGERVAEUWRNMSZyRAZED o KE JREY
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s TCEZ2C2 ) (2202 )

SUIRCGUTINE
CuMMUN Lo/
"‘ AL a
e Al

Z0

—in
-

-

Ml TOFL o TXWDELC

Lo~
e

-
@
~
~
>
e
N~ e o

ICXAX-CTMZ
~ e ®

e m~mm——~y
=lui~~C N

IT=UOTOVUh*UOX

K=0

KK=3

UT=UDT

K=K+l

TSK=TS(K)
IF(T3Kel.ToUTIGD TO 7
K=K=1

KKZKK+1

TEKK=T (KK)
IF(TEKLE«UTIGS TO S
KKl =KK=1

OEL=DEL.

XX=XXT

XXX=XAT

FNZ=TX/DCL

UT=UuT+ud [
IFI{UTGTTT)GC TO 70
K=K +1

IF(K«GTeN1)GO TC 7C
[IF(TS(K)eLELT)ILO TC 35

K=K=1
IFIT(KK) o GToTIGO TC 1
IF(Mel.Tele)GO TI 17

FNLE(31GE/XX/EMX)aa2=]
IF(FNLsLTsl o IFNL=20
FNU=(SIGE/XA/CWN o bg=]
IF(FNUsLT el o )FNL=2,

PRINT 27 4FiNL s FNU

FN1=TOCL/DEL

IF(MelLEele)GO YO 37
IF(FN]1oLTFALIFNLSFNL
IF(FNL e GTeFNU)IFNL =FANU
ADEL=2¢/(FN141,)
CELTAUSL*(T(KK)=T(AK])=8cL ) +DEL
FN2Z=TX/705L

IF(Melieion)sl TC 39
IF(FNCeLToFNLI)IFN2=FAL

IF(FN2eGT oFINUIFNEZ=SFNU
AX=2 e /(FN2#*1 )
AXXZAXSCXCHK) =X XX) ¢ XXX
PRINT 26 ¢F Nl ¢ ALEL o FNE o AX ¢ XXX
KK=KK+1
KK1=KK] #1
GO Tu (&
A= XXX
GO TO 12

M=Ae ],

EsXX=x3(K)

SE=35L ¢«

SE2=SE2+E *E

SAE=SAL+AAS(E)

Ed=3C/M

ACH=SAZ/M

IF("7eGTele)GC TO SO

S1GC=C,

GU T2 65

Az (SEZ=(SReGE/v))
SIGE=SURT(A)
SIGrU=sSIGI/5GAT (Y
RMSEZ=S50RT(SIGE S
RUASTE=SORT(SIGS L
RE=22MET /ux
RUBTRASCH/ XX

(M=14)

/

FNZ)
GE+Epsr )
Slee

1
b e g })

TSE-202C)exS(22020)

PAXC BUMAJEMN 4UDT yu D1
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