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CHAPTE R 1

INTRODUCTIO N

A mong those assets manag ed by the Air Force Logistic s

Command ( .AFLC), three major areas must work  in concer t  to insure

tha t the base activities receive the necessary  support to ca r ry  out

their va rious missions. These thre e areas are the leveling, procure-

ment , and repai r processes. Although each Is important , the level-

ing process is the initial activity which computes the quantities neces-

sa r y to support the base activities and which impacts on the other two

areas. It Is the leveling process that determines the antici pated

requirements for subsequent procurement actions as well as deter-

mining anticipated repair requirements.

Problem Statement

The depot and base requirements computation systems

determine the stock levels at the base and the degree of support to the

base from the depot. Throug h the continued interface of these two

systems , appr opr iate levels fo r the bases a r e deter mined and main .

tam ed. However , seve ral commands includin g the Strategic Ai r

Command (SAC), the Tactical Air  Command (TAC ),  and the Air

Defense Command (ADCOM ) have indicated to AFLC that bases are

~~~~~~~~~~~~~ ~~~~~~~~
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not necessarily receiving assets commensurate with the stock levels

computed at base activities (6) . Furthermore , this same information

indicates tha t the base and depo t requirements computation systems

compute different stock levels . The resulting problem is tha t bases

are unable to acquire repair cycle assets from AFLC in sufficient

quantities to meet demands (5).

Justification

The prime responsibility of the Air Force Logistic s Corn-

mand is to insure that combat unite of the A ir Force have the right

supplies at the right time and place. To accomplish this mission ,

AILC “ . . . must maintain the ability to replenish base stock levels

through a con stant flow of recoverable material to and from our

global deployed Air Force units [9:2-2] . ~ 1 
~ is in the best interest  of

the Air Force to manage the recoverable item inventory as efficiently

as possible.

Leveling, the initial p rocess toward managing the assets ,

determine. the quantity to be purchased for support of base activities.

Failure to correctly estimate the base needs creates shortage

problems resulting in Mission Capability (MICA?) conditions through-

out the various commands. MICA? conditions reflect shortages

which affect or degrade the ability of a weapon system to respond to

mission requirements (12:6-81) . The repair process impacts simi-

larly as repair projection s flow from the leveling process. Because

2
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of the serious problems that can result from improper leveling, the

major commands as well as the Air Staff have appointed project man-

agers to study the entire area of asset management (6).

The base and depot requirements computation systems

determine the ability of the combat units to attract repair cycle assets

in necessary quantities (2 :6). An understanding of the two systems

will help determine the significance of system interface problems

concerning base level support.

Research Objectives

There are three objectives associated with this s tudy:

1. Identify differences between base and depot com-

puted levels.

2. Determine the effects of these differences in

rela tion to base asset shortages.

3. Suggest changes to the sys tems to improve or

resolve differences contributing to asset shortages.

Research Hypothesis

The impact of the depot leveling process on the base activi-

ties is tremendous. Failure to predict adequate levels may create

both repair and procurement problems leading to increased MICA?

incidents . To determine if in fact the depot requirements computa - V

tion system is computing sufficient levels to meet base requirements,

the following hypothesis will be examined:
3
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A model based on the de pot requ i r emen ts compu tation

4 system will reflec t highe r levels than actual base level

requirements.

V Organization of the Study

The f irs t  step toward satisfying the research objectives is

the Identification of the appropriate criteria used by the base and

depo t requirements computation systems to determine levels.

Chapter U describes the basic background material and elements

input into the depot and base systems to determine appropriate stock

Levels. Chapter LII describes the basic methodology to be us ed to

analyze the relative merit and effectiveness of the base and depot

1 systems. Chapter IV detail s the actual analysis of the data collected.

Chapter V presents the conclusions drawn from the study and recom-

• mendations for further research.

4
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CHAPTER II

LITERATURE REVIEW

Within the Air Force, many inventory models have been

developed to enhance the control of Air Force assets. Two of interest

are the depot and base requirements computation systems which

incorporate, at least implicitly, the carrying, shortage, and replen-

ishment costs associated with inventory models. To facilitate future

V 
discussion of problems in this area, this section discusses the repair

cycle system, base requirements computation, depot requirements

computation, and the interface between the base and depot systems.

Repair Cycle System

A repair cycle asset is a serviceable or unserviceable item

of a durable nature which, when unserviceable, normally can be

repaired economically either by a base or depot maintenance activity.

Each type of item is identified in the Air Force inventory by an m di-

vidual National Stock Number (NSN). The expendability, recovera—

bility, repairability, category (ER.RC) designators for this type of

Item will be “XD l ,” “XDZ,” or “XF3.~ These items are high dollar

valued assets . They tend to be complex in nature with components

5
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available to repair the end item (10 :11-1).  With large amounts of

funds invested in a few assets , the Air Force has established an

extensive repair cycle system to insure adequate controls to protect

• the Air Force investment.

The repair cycle system inc ludes both base and depot level

ac tivities concerning the management and movement of assets.

Since the management and control of repair cycle assets is similar

at both base and depot levels , the d lscuVesion of the repair cycle V

system in operation will deal with base activities onl y. At base level ,

maintenance and supp ly are required to take all prudent ac tions to V

obtain parts to repair items for which they have the repair authority

and capability (11 :17 -2 ) .  Base supp ly is , additionall y, tasked to

maintain constan t surveillance over these items to insure the speed y

flow of unserviceable assets through supp ly channels and to prevent

V 
the accumulation of unserviceable assets pending recei pt of tools ,

parts , technical data , or authority to repair. Base level responsi- V

bility rests with the chief of supp ly who is responsible for the issue ,

receipt, storage , requisition ing, release for shipment , inspection ,

Inventory , and accountability for repair cycle items (11 : 17 - 3 ) .  
V

The intent of the repair cycle system is complete control

over this large dollar investment. Repair cycle assets may onl y be

issued on a one-for-one basis. Tha t is , for each asset requested V V

and received by maintenance (with the exception of initial issue

6
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requests), a serviceable or unserviceable asset must be re turn ed to

base supply. Transactions from the depot to the bas e reflect this

same type of control. Only after the repair cycle asset has been

V 
condemned or shipped off the base can the depot supply another asset

to the base system. The one-for-one type transaction transcends the

entire logistics system when dealing with repair cycle assets

(11:17—3).

Base Requirements Computation

V To obtain the necessary assets to support the mission of the

base, stock levels and stockage policies have been developed for the

V standard base supply system. The basic formula used by the base

V 
(Figure 1) in determining the requirements is fairly straightforward

in approach. However, to fully understand its impact on the base

level supply system, this section will describe the development of

stock levels, determination of appropriate demand levels, and

determination of appropriate requisitioning quantities.

A stock level is a category to indicate the quantity of a

particular item required on hand to support the mission. The stock

level may be thought of as either a special Level or a demand level.

The special level is assigned by the depot because, for one reason

or another, not enough items can be maintained in base stocks to

V 
support the mission demands. It is an ar tif icially de rived stock

level (12:11-4). The demand level is the second type of stock level

~~~ V V V V V VV •~~~~~~~~
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Repair Cycle 
= 

Repair Cycle Quantity (RCQ)
Demand Level + Order and Shipping Time Quantity

(O&STQ)
+ NRTS/Condemned Quantity (NCQ)
+ Safety Level Quantity (SLQ)

RCQ Daily Demand Rate (DDR )
x Percent of Base Repair (PBR)
x Repair Cycle Time (RCT)

O&STQ = DDR x (1.00 - PBR) x Order and Shipping Time

= DDR x (1.00 - PBR) x NRTS/Condemned Time

SLQ = C*~~~3x(RCQ + O&STQ+NCQ)

V 
‘Number of standard deviations authorized for safety stock. C equals
1 unless directed by HQ USAF.

Figure 1
Base Repair Cycle Demand Level

I
i

based upon past demands from users for a specific item. The

demand level is the compilation of the order and shipping time quant-

ity, the repair cycle quantity, the safety level quantity, and the not-

repairable-this-station (NRTS)/condemned quantity. The order and

shipping time quantity is the number of assets required to support the

mission given the average shippin g time from depot to base. The

order and shipping time is computed by determin ing the average

elapsed days between initiation of the order and receipt of the requisi-

tions. The repair cycle quantity is the number of units that must be

stocked to support the base repai r program. The safety level quantity

V is the number of assets required to be on hand to insure continued

V support and operation during interruptions in the supply system or
8
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unpredicted demands from base activities. The NRTS/condemned

quantity is the number of items required to insure support in the

event of NRTS/condemnation actions (12:11-4). Figure 1 illustrates

the formulas used to arrive at these quantities.

The demand level computed by the base requirements com-

putation system closely resembles the actual demands required by a

base ac tivity. An examination of one particular stock numbe r item

(Figure 2) indicated that the actual issues over a one-year period

closely approximated the annua l computed demand level requirement.

NSN 5865-O0-039-5441EW XDZ
Tuner TN 389A /A LR Z OA

Tota l Issues and Due-Out-Releases in One Year
34

Computed Annual Requiremen t
35.58

V Demand Level
1

Figure 2
Actual Base Level Demand Data

Over the year, the total demands from the base were 35 in order to

both fill the base demand level and meet all customer demands. 
V

L 

Since the actual demands of 35 were closely approximated by the

computed demand level of 35. 58, the computed demand level will be

used in all references to actual base requirements.

9
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According to AFM 67- 1, repair cycle levels will be tailored

to individual base repair capabilities as a result of the application of V

the policies and procedures in being (Figure 1) (12:11-13). The

criteria for determining when to assign a level and the quantities of

the levels are important to the base and depot managers. A demand

level for a repair cycle item is computed any time the number of

demands is two or more and the daily demand frequency rate (DDFR)

is equal to or greater than . 0054. The DDFR is computed by addin g V

the incremental parts of the number of the demands and dividing the

sum by the difference between the current date and the date of f i rs t

demand (FIgure 3). A zero demand level is assigned a repair cycle

item when the daily demand frequency rate is less than . 0054 and the

date of last demand is greater than 180 days. A demand level of one

is assigned if the date of the last demand is less than 180 days , the

DDFR is less than . 0054 , and the item previously qualified for a

level (12:11 -4) .  Once this determination to assign a demand level

has been reached , the requirements computation formula (Figure 1)

is used to indicate the quantity of the demand level.

Determination of the appropriate requisitionin g quantities is

based on the asset position at ba se level. The reorder level for

rep air cycle Items is , normally , one less than the demand level.

The quantity to be req uisitioned is determined by subtracting the

total assets from the total requirements . In the case of the repair

10
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DDFR 
ND(ZPSM) = N D (1PSM) + ND(CP)

Current Date - DOFD

ND(ZPSM) Number of Demands 2nd Past Six Months

ND(1PSM) = Number of Demands 1st Past Six Months

ND(CP) = Number of Demands Curren t  Period

DOFD Date of First  Demand

Figure 3
Daily Demand Frequency Rate (DDFR)

cycle items , all items physically on base that have not been clearly

iden tified as condemned , ready to ship, or reported as redistributable

material are counted as base assets.  Demand data , which includes

the date of f i r s t  demand , date of last demand , number of demands ,

cumulative recurring demands , and the date of last releveling, is

monitored by the base level computer to identify potential problem

items and initiate appropriate follow-up actions with item managers

( 12:11-6) .

Depo t Requirements Computation

The depot requirements computation system (D04 1) is used

to identify base and support requirements and to buy , repair , termi-

nate , and/or  dispose of assets at the depot level (10 :1-1) .  To fully

understand the impact of the system on repairable asset  management,

this section discusses the va riable safety level concept , factors

developed to determine levels , the actual determination of those

• 11
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levels under the D04 l system , and the depo t support  considerations

V 
towa rd base-generated requirements.

Recently, the D04 1 system underwen t significa nt alterations

V 
with the introduc tion of the variable safety level (VSL) concept. The

purpose of the VSL concept was to reduc e the warehousing costs at

the depot by reducing the safety levels. This reduction was accom-

pu shed throughout the depots. The basic design of the VSL concen-

trated on reducing the costs associated w ith procur ing and ma intaining

assets by forcing the purchase of more of the low cost assets and

fewer high cost assets thereby reducing the number of high cost items

and improving the support to bases. Further , the VSL concept

attempted to issue assets out to the base ac t ivities rather than allow-

ing the depot to maintain them. The VSL concept is thus a manage-

ment decision as to where the funds allocated will be spent. It is this

concept under which AFLC currently manages the D041 requirements

computation system (6) .

The depot requirements computation system uses eight

major input factors in order to develop the depot stockage objectives.

The factor of initial importance to this system is the organizational

and intermediate (OIM) base order and shipping time and repair

cycle requirement. One o.f the major components to this factor is

the OIM base repai r rate which identifies the base level repair rate

by subtractin g out depot repair actions (Figure 4) ( 6 ) .  The order  and

12
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OIM Base Total OLM Demand Rate ~T~~ MDR)
Repair Rate - OIM Depot Demand Rate (OIMDDR)

TOIMD R ‘.~otal Base Repairable Generations
Past Installed Programs

OIMDDR = [(100% - NRTS %) x Base Condemn %
+ Base NR TS %] x TOIMD R

Figure 4
OIM Base Repair Rate

shipping time (O&ST) and base repair cycle quan tities are determined

based on the projected flying requirements. Computed with the repair

cycle quantities are the base NR TS percentages and the condemned

percentages (Figure 5) which are forwarded to AF LC from the base

activities and input into the depot system on a quarter l y basis.

Base NRTS
:1 NR TS % = Base R epairable Genera tions V

Base Condemn
Base Condemn ~° = Base Condemn + Base Repaired This Station

Figure 5
Base Repair Cycle Inputs

The O&ST is an average time in the pipeline to all supported organi-

zations. The OIM depot repair cycle requirement is the second

major factor considered under the level determinations. The depot

repair rate as well as the depot condemned rate are figured into the

overall requirements computations through the use of the AFLC data

L V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV ~~~!~~~~ • - -~~~~~~~~~~~~~~~~
.
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base which accumulates the inform ation over time for entry into the

• system. These factors tend to be manipulated to a certain degree in

order to reflect current and anticipated flying requirements. A ccord-

ing to AFLC the base and depot repair cycle information constitute

V the predominant factors within the depot leveling computations. Of

the remaining six major factors , there are three more fac tors which

deal with additional repair cycle informa tion. Non job routed repair

cycle requirements and the leadtirne condemnation requirements are

computed at the depot level and are based, in part , on the anticipated

depot and base repair effectiveness and capability. The third repair

factor is the base NRTS percentage which is reported in the same

manner as the previously-discussed base determined information.

The final three factors are the number of users , the procurement

costs, and the repair costs. The number of users reflects all users

worldwide as recognized by both the D04 1 system and the item man-

ager who may remove any user from entry into the system computa-

• I tion (6).

Once the factors have been identified and computed, the

D041 system can compute the required stock levels to support base

activities. The actual computation of the D04 l stock levels involves

several complex algorithms. In order to determine the levels a

series of programs must be processed in a preordained sequence

since each relies on the data computed by the previous program (6) .

14
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Within this system computation , a “NRTS/condernned quantity” is not

computed, but a pipeline requirement for depot repair time is com-

puted with a maximum time of 120 days allotted. All computations of

levels within the D041 make extensive use of past demand data which,

V 

on older items, extends to twenty-four months of past data (10 :59).

One of the major objectives of the depot system is to mini-
V .1

mize backo rders. Through the introduction of the VSL concept into

the depot computations, items are issued to bases to reduce potential

backorder problems. Additionally, the VSL concept emphasizes the

acquisition of low cost assets. This acquisition policy is used to

reduce the quantity of base needs. AFLC makes use of the budget

support objective in determining the level of support to be granted the

base activities. The budget support objective represents what AFLC

will pay to reduce backorders. This objective is selected by weapon

system and special federal stock class to achieve a 92 percent fill

rate for each item grouping. This is an average fill rate and may

range dramatically within the grouping. The variable safety levels

are used in conjunction with the budget support objectives to decide

the number of incremental spares to be issued to the base to reduce

backorders. Assets are shipped to the base until the reduction of

backorders divided by the cost of the item is less than the budget

support objective. The quantity and responsiveness of AFLC to a

particular requisition is, in part, dependent on the budget support

objec tive (3). 15
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System Interface

Between the two requirements computation systems , there

is little formal interface. The standard base supply system forwards

V repair in.formation to the D041 on a quarterly basis. The base , how-

• ever, receives no indication from the depot concerning depot repair

• 

V 

actions which impact on the base. Other system interface involves

the requisition process in which the base forwards requests for assets

• and the depot responds with what will be supported at a particular

time. The base receives no information concerning the AFLC man-

agement decisions as to what assets will receive funding. Further-

more , there are no provisions to coo rdinate the respective level

computations. Each system operates independen tly of the othe r in

• determining the levels and the amoun t of support required at base and

depot level (6).

Additional information is gathered at both base and depot

levels through the informal info rmation flow between the base and the

item and system managers. The base receives limited information

concerning the likelihood of obtaining required assets . The informa-

tion is limited because of the time involved in reaching and discussing

the problems with the depot managers. As a result, such actions are

usually reserved for MICAP items or those items that have created

a number of problems over a prolonged space of time. This Informa-

tion , however , is valuable to the depot in that it informs them of the

16
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urgency of the need and its mission impact at a particular base

activity. The depot managers can take the necessary actions to

increase asset availability to a particular base activity. These

actions are manually generated based on the need of each individual

base activity (12:6-81).

17
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CHAPTER Ifl

METHODOLOGY

In order to meet the objectives and ultimately test the

hypothesis presented at the outset , a detailed description of the

• research processes will be discussed. The remainder of this chapter

is divided into four major areas. The variables to be analyzed in

subsequent sections will be defined. The stud y design will outline the

sampling plan , the data collection plan , and the model development

which provides the means to identif y the base and depot model differ-

ences. The final two sec tions within this chapter deal with the

methods used to evaluate and test the research objectives and the
V 

research hypothesis.

Description of Variables

The major variables are described at this point to enhance

discussion in following sections:

1. Procurement Cost- -Cost to obtain an additional asset by

new procurement.

2. Repair Cost- -Cost to obtain an additional asset by

repair.

18
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3. Lead Time Condemnation Requirement- -Expected Organ-

V 
izational and Intermediate Maintenance (OIM) and overhaul condemna—

tions over a period of time equivalent to that necessary to obtain new

procurements.

4. Non Job Routed Repair Cycle Requirement- -Expected

number of repairables in the depot repair cycle pipeline as a result

of overhaul operations.

5. OIM Depot Repair Cycle Requirement- -Expected number

of repairables in the depot repair cycle pipeline as a result of OIM

generated demands.

• 6. OIM Base O&ST + Repair Cycle Requirement- -Expected

number of repairables in the base order and shipping time and base

repair cycle pipelines as a result of OIM generated demands.

7. Number of Users--Sum of Air Force users with demand

levels greater than zero for the past year.

8. Not Repairable This Station (NRTS) Percent- -Expected

percentage of OIM generated repairables which will be sent back to

the depot for repair (4:2-4).

Study Design V

Population Sampling Plan. The universe under considera-

tion was the group of assets managed by .AFLC that had been identi-

fied as recoverable and expendable assets. This area was further

limited to include only those assets identified to AFLC as problem

19
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B-52 support spares as of 31 December 1977. Problem B-52 support

spares are those assets identified by Headquarters SAC as causing

recurring MICAP conditions (5). The sample used for the subsequent

V tests was selected from this population by SAC in response to the

• excessive MICAP time experienced by a grouping of 40 recoverable ,

expendable items. Of the items identified, 25 were selected for the

sample, through the use of random number tables (1:498). The

remaining 15 were used to perform the validation of the models subse-

quently developed.

Data Collection Plan. The variables used to develop both the

base and depot models were acquired through several sources. The

AFLC data base which contains the raw data for the depot require-

• ments computation system provided the basic data. Given this basic 
V

data, an AFLC computer program compiled the raw data and deter-

mined the values of the eight major factors of the selected sample

(Figure 6) (4:20). The process was repeated to identify the factors

• for the validation sample (Figure 7). The levels for the base and

depot models were acquired through AFLC computations. The raw

data for the base levels was manually collected on request by SAC

headquarters. This information was accumulated from the individual

standard base supply accounts (5). The depot levels were developed

through existing .AFLC programs. AFLC personnel then made the

necessary adjustments to equa te the time frames of the levels

20
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computed by the two systems. In this case the levels were adjusted

to reflect levels computed through the 30 September 1977 time frame

(Figure 8) (5).

Model Development. To meet the objectives identified at the

outset of this effort, it was necessary to develop models for the base

and depot systems. Multiple linear regression analysis appeared to

be an appropriate method by which to develop models of the base and

depot systems. The two systems resemble multiple linear regression

models in two ways. First, like multiple regression , the base and

depot models use the values of several quantitative variables to pre-

dict the quantities required in future period s (8:529). Second , the V

base and depot systems appeared to support the basic underlying 
V

assumptions of the multiple linear regression model (Figure 9)

(8:545).

Each model was developed using the same method. The

Statistical Package for the Social Sciences (SPSS) computer program

was used to perform the multiple linear regression analysis. For the

purposes of meeting the initial research objective, the step-wise

inclusion option was used in the regression process. The step-wise

option established an entry sequence for each of the eight factors.

The factors entered the equation in their order of decreasing marginal

contribution toward the variation explained by the regression line to

the total variation in the stock levels (7:345-347). The initial equations 
V
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National Stock Number Depot Level Base Level

661500 086 7350 51 58
661500 550 6628 964 436 

V

6b2000 62 1 2903 192 39
582100 371 4346AY 26 17
586500 431 9944EW 26 6
586500 507 3031EW 39 25
582100 186 6039 246 60 V

128000 898 3679 6 16
143000 184 4701NT 20 27
156000 605 9657FG 0 1

• 156000 605 9661FG 19 25
156000 615 2534FG 9 21
165000 079 2295 8 29
165000 143 8360 20 15
166000 783 5884 24 7
166000 859 4008 3 6
299500 891 0175 69 20
128000 504 6061 265 63
586500 937 4400EW 172 52
128000 250 1236 34 16
166000 195 2729 1714 986
166000 897 6848 17 11
660500 776 3234 70 51
128000 167 5553 49 18
582100 186 6309AY 38 35
661500 607 9408 40 24
586500 507 2967EW 21 20
124000 471 5947 25 13
128000 162 8143 65 24
431000 775 4693 13 5
432000 474 3550HS 154 36
432000 684 6070HS 61 20
481000 116 4493HS 78 20
660500 765 7180 24 19
660500 879 4529 57 28
661000 101 003b 9 12
534000 718 06 80FG 82 35
163000 650 0788 228 84
432000 065 7960 3 1
128000 159 6185 21 22

Figure 8
Test and Validation Sample Levels
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1. Expected error is zero.

2. Error components in pairs of trials are
uncorrelated.

3. Beta values are parameters, and the values
of X are assumed to be known constants.

4. Error components are normally distributed.

Figure 9
Multiple Regression Assumptions

(Figure 10) were regressed using the SPSS program. A measure of

the strength of the linear relationship between the eight major factors 
V

and the stock levels is given by the coefficient of determination (R2).

This measure ranges from zero, no linear relationship, to one, per-

fect linear relationship. An R2 value of - 80 generally indicates a V

strong enough relationship between the variables to use multiple

linear regression as a model building technique (8:408). To be

acceptable, each model was required to have a computed coefficient

of determination greater than . 80. Each model was then validated

against the remaining 15 national stock number items. The process

used to perform the validation was to compare the actual levels

against the predicted levels generated from the models previously

developed. The ability of each of the models to predict the levels of V

the validation sample was determined by performing the two-tailed

paired t-test against the actual and predicted values. The following

hypothesis test was developed to validate the base model:

25
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Depot Level = + 
~~ 

~~rocurement) ÷ 
~~ 
(

~~~~:~~~~~~~~~~
)

/ Leadtime /Non Job Routed
+ $~ I Conde mnation 

~ 
+ $4( Repair Cycle

\Requirement / \Requirernent

/OlMDepot \ fo iM Base O&ST
+ $~ ( Repai r Cycle J + 

~ & + Repair Cycle

\ Requirement/ \Requirement

÷ ~~~um~er 
of) + 

~8 
(~~~~~~nt~

~~~~~~ts 
(Procuremen) fi

/ Leadtime \ /Non Job Routed
+ $ ( Condernnatiork j + $~ ( Repair Cycle V

\Req uirement / \Requirement V

/OIM Depot \ fOIM Base O&ST
+ 

~~ 
( R epair Cycle ~ + $,~, ~ + Repair Cycle
\ Req uirementJ \Requirement

/Nurn ber of\  NRTS \+ $7 L~Users ) + 8 (~Percent)

Figure 10
initial Equa tions V

H0: Difference between actual base requirements ~~~ 
and 

V

predicted base requirements t
~~B~ 

is equal to zero.

HA : Difference between actual base requirements (
~
tiA

) and
predicted base requirements 

~~~~ 
is not equal to zero.

The following hypothesis test was designed to validate the depot

model: V

H
0
: Difference between actual depot requirements 

~~~ 
and

predicted depot requirements 
~~~ 

is equal to zero.
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HA : Difference between actual depot requirements (M e ) and

V 
predic ted depot requirements (j ~~~) is not equal to zero.

The rejection region (Figure 11) was computed using a 95 percen t

confidence level. The number of observations variable was the same

V as the number in the validation sample. The test statistic (Figure 12)

was computed and compared with the t-distr ibut ion to determine its

location in either the acceptance or rejection region. Since the object

of the test in each model was to prove that the predicted levels did not

dif fer  statistically from the actual levels within the validation sample ,

V the test was designed to prove the null hypothesis (H 0).

t-critical taken from the t-distr ibution according to the
degrees of freedom and o level.

V degrees of the number of observations less one degree of V
freedom freedom.

confidence for the purposes of the following hypothesis tests V

V level the confidence level will be 95 percent.

0/2-level one minus the confidence level divided by 2.

Figure 11
Rejection Region

Assumptions

The following assumptions were made in order to perform

the required analysis of the information acquired:

I. The data base compiled by AFLC was valid and complete.

2. The computer programs developed by AFLC to compute

V 27 V
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t 5 (test sta tistic ) 
SdAr~ 

d ( mear4 = n

J E ( d i - d)
S — 4 1 j = I

n - i

di = actual rate - predicted rate

n = number of observations

Figure 12
Test Statistic (t5) • V

variables and levels were valid.

3. Item managers did not significantly alte r any data within

the data base.

• 4. Bas e level data concerning asset usage was complete

and accurate.

5. Leveling data did not vary materially through the buy

point for each of the items examined.

Research Objec tives

After the two sets of models were developed and validated ,

actions were taken to meet the objectives of this research effort. To

that end , this section details the specific actions taken to fulfill the

objec tives originally set f o r t h .

a8
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The differences between the base and depot models were

determined through the examination of three areas. Using the step-

wise inclusion option, the entry sequence of the various factors pro-

vides information as to the significance of each factor to the model.

Examination of the R 2 values afforded additional information as to

the contribution of each factor to the linear relationship. Finally,

the beta values themselves provide information concerning the

absolute values of the factors’ weightings. The evaluation of the

similarities and differences in the base and depot models was based V

V on a subjective analysis of these factors.

V The effects of these differences relating to asset shortages

V 
V were determined through the evaluation of the hypothesis and the

j resulting hypothesis tests. A discussion of the effects of the differ-

ences and the resulting hypothesis tests will be presented in the next

section.

Suggested changes to the systems to improve or resolve the

differences contributing to the asset shortages were arrived at

through the evaluation of the differences identified, the results of the

V 
hypothesis tests, and the information contained in the literature

review chapter concerning the operation of tht two systems.

Hypothesis Tests

The actual effects of the identified differences on base

shortages were determined through several tests involving the

29
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research hypothesis . The Air Force defines the effectiveness of

V depot support in measures of asset availability (3). As stated

previously, it is the leveling process that ultimately determines the

quantity to be procured for the base activities. Tests involving the

depot and base levels will thus provide valuable information concern-

ing the effectiveness of the depot requirements computation system

toward supporting base activities.

The research hypothesis was tested using the paired t-test

between the values of the depot system and the base system. This

test was used in analyses involving the actual base and depot system

values and the actual base and predicted depot values. The values 
V

referred to are the actual and predicted levels based on the model

development. The paired t-test appeared appropriate as the intent

was to test the effect of the change to the requirements computation

formula given the actual requirements. This method provided a I V

basis for comparing the effectiveness of the change (8:356). Each

test used the t-distribution with a 95 percent confidence level.

To perform the actual paired observations test, four areas

were examined and developed. First, the following hypothesis test

was developed to analyze the actual system computations:

H0: Difference between actual base requirements (ALA) and
actual depot requirements (pa) is equal to or greater
than zero.

HA: Difference between actual base requirements t
~A~ 

and
actual depot requirements (/L C

) is less than zero.

L. ~V _ .
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V The following hypothesis test was developed to compare depot model
I
~~

computations against actual base requirements :

H0: Difference between actual base requirements (/ LA ) and
predicted depot requirements 

~~~~ 
is equal to or greater

than zero.
B

HA: Difference between actual bas e requirements 
~~~ 

and
predicted depot requirements 

~~~ 
is less than zero.

in each case, the hypothesis test was one-tailed. Second, the rejec-

tion region (Figure 13) was computed using a 95 percent confidence

level. The number of observations variable is the same as the

number of items sampled. Third, the test statistic was computed

(Figure 14). Finally, the test statistic was compared with the

t-distrlbution to determine its location in either the acceptance or

V rejection region. To achieve a strong statistical conclusion, the

tests were designed to prove the alternate hypotheses (HA).

t—critical taken from the t-distribution according
to the degrees of freedom and 0 level.

degrees of the number of observations less one degree
freedom of freedom.

confidence for the purposes of the following hypothesis
level tests the confidence level will be 95 percent.

~-1evel one minus the confidence level.

Figure 13
Rejection Region
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_ d - ~ i ~~ _ i=l- 

fl

V 

= /~~~
di d)

2

d 
_ _ _ _ _ _ _ _ _V n - i

di = Actual Base Rate - Depot Rate V

n = Number of Observations

Figure 14
V Test Statistic (t5)

Conclusions as to the relative merit of actual requirements as

opposed to depot computations were derived from these tests. V

32
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CHAPTER IV

ANALYSIS OF RESULTS V

The purpose of the analysis outlined in this chapter is to

investigate and determine the overall effectiveness of the depot

requirements computation system in computing support requirements

for actual base needs. The results of the various tests discussed in

the previous chapter will be presented to determine the validity of the

research effort. The actual differences identified in the models will

be examined as will the effec ts of those differences in the support of

base requirements through the hypothesis tests.

Model Development

Using the SPSS multiple linear regression computer pro-

gram, the base and depot leveling computations were regressed

against the eight major input factors. Each of the resulting regres-

sion models (Figure 15) had a coefficient of determination (R 2 ) in

excess of . 99, thereby exceeding the • 80 minimum acceptable R2

V V criterion. The high R2 value indicated an almost perfect linear

relationship in each of the models. Following the development of

these models, the factors for the remaining 15 stock number items

contained in the validation sample were input into the developed
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Depot Level = - 20 .94115 - . 00035 (Procurement

(Y) kCost

I - / Lead Time
iRepatr~- . 00994 1 i + 0 i Condemnation
~Cost / \Requirement

/Non Job Routed\ /OIM Depot \
+ 2. 78239 ( Repair Cycle 

~ 
+ . 0859 ( Repair Cycle 1

\Requirement / \Requirement/

/OIM Base O&ST\ (Nurnber\
V + 2.97502 ( + R epair Cycle 

~ 
+ 2. 14582 k°~ 

Users)

V 
\Requirement / I’

÷ 3 2 78218 (NRTS \ V

Percent

= - 5. 93686 - .00003 (~::~urement)
/Lead Time

+ . 00081 (Repair) + . 88173 1 Condemnation
\Cost I \ Requirement V

/N on Job Routed\ /OIM Depot
- . 55233 

~ 
Repair Cycle + . 14652 ( Repair Cycle
\Requirement / \Requirernent

/OIM Base O&ST\ /Number~
+ 1. 38208 1 + Repair Cycle J + . 58102 \of Users /

\Requirement /
- 8. 38344 (NRTS \

k Percentj
Figure 15

Regression Equations

equations. The resulting predicted levels were tested against the

actual levels arrived at through independent AFLC and base

34
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computations. The results of the tests (Figures 16 and 17) indicated

that the models were valid for the grouping of stock number items

V selected by SAC. The statis tical tests demonstrated that the pre-

dicted values from the two models did not differ stat isticall y from

V the observed or actual values. Based on the coefficients of determi-

nation for the base and depot models and the subsequent validation

effort , the models were demonstrated to be accurate for the subse- V

quent tests involving the research objectives and hypothesis.

Differences between Models

To dete rmine the differences between the two models V

developed, a series of three major areas were examined. The entry

sequence, the contribution toward the coefficient of determination,

and the beta values for each factor were compared between the two

models (Figure 18). Both the similarities and the differences

between the two models were examined.

The entry sequence of the variables into the two models

revealed several similarities in treatment. Entry sequence refers

to the order in which each variable entered the regression equation 
V

V determ ined by each variable ’ s decreasing marginal contribution to

the explained variation . The base O&ST and repair cycle require-

ment was the initial entry into each of the models . Following was

the depot r epair cycle requirement. These two were believed by

VAFLC to strongly impact on the depot system. The entry sequence
35
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The hypothesis is:

H0: 1A~~~MB ~ E 0

V HA : ME �0

t-critical + 2. 145

degree. of
fr eedom 14

confidence
level . 95

a-level .05

To form the test statistic , compute ci and

15 
V

£d i  V

V 
d = ‘j’5 =7.93

15 2 (~~~duI
£di - Li= 1 J

S2 = ~~ U = 734. 067

5d ~~~~~~~= :7 .O9

The test statistic is:

t = d - M 4 ~ 1.134
V 

~~ S~ / .,j T  V

Since t5 1. 134 falls in the acceptance region , fail to reject the null

hypothesis (H 0). Conclude that the model values equal the base

computed values.
Figure 16

~~~ Base Model Validation
36
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The hypothesis is:

V t-critical + 2. 145 V

degrees of
freedom 14 V

confidence
level . 95

0-level .05

To form the test statistic , compute d and

15 V

l5 = 1.53

r I S  ,2
15 

~£di - i = l  -

= i=1 U = 628. 409d n - i

Sd = = 25.068

The test statistic is:

t = d 1 ~do = .236
~

V 
Since t5 = . 236 falls in the acceptance region , fail to rejec t the null 

V

hypothesis (H0). Conclude that the model values equal the depot

computed values.
Figure 17

Depot Model Validation
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tended to support that belief. The last two entries into the modes V

were also alike. The NRTS percentage and the procurement cost

were entered as the last two values in each of the models . The

middle factors differed as to entry sequence. An interesting excep-

tion was the exclusion of the leadtime cond emnation req uirement in

V 
the depot model.

The contribution toward the coeffic - stermination for

each model followed a pattern similar to the sequence. The

entry of the base O&ST and repair cycle req uirement, however,

attained the necessary R 2 for acceptance of the model in accordance

to the criteria specified in this effort. The entry of the depot repair

cycle requirement elevated the coefficients of determination very V

close to the final figure. The remaining contributions to the models

were not at all significant. The absolute figures differed between the

two models. However , the degree to which each factor affected the

model was shared between the two models developed.

The beta values for each of the factors were compared in

treatment between the two models. The values differed quite sub-

stantially. The absolute comparison of the value of the betas between

each model revealed no similarities. The impact of the values on

the level dete rmination revealed several similarities. The model

constan t always detracted from the level as did the procurement cost V 
V

computation. The base 0&ST and repair cycle requirement, depot

39
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repair cycle requirement, and the number of users all had a positive V

V impact on the level determination.

The results of the two tests indicated tha t the differences in

the treatments afforded the factors in the base and depot models did

not detract from the ability of the depot to support base ac tivities.

Overall, the substantial differences in the factor treatment did not

contribute to the computation of lower levels that would have created

potential shortage problems. V

Effects of Differences

The validation of the two regression models allowed further

consideration into the possible effects the differences between the

two models have on the subsequent level computa tions. The effects

of the differences previously identified and discussed are examined

here. The purpose of this section is to determine any overall sta-

tistical differences in the levels computed by the depot and base

systems and the depot model ai ’.~ base system.

The actual levels computed by the base and depot require-

ments computation systems were compared to determine the practical

ability of the depot to generate adequate levels. The test and valida-

tion samples were consolidated for use in the test of the hypothesis.

To achieve a strong statistical conclusion , the objec tive of the test V

V was to prove the alternate hypothesis , that depot reflects higher V

levels than actual base level requirements. The results (Figure 19)

40 
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The hypothesis is:

H0: TM A - l~C > 0

HA :P A ~~~~~~~ 
0

t-critical - 1.645

degrees of V

freedom 39

confidence
level .95 V

a-level .05 V

To form the test statistic, compute ci and Sd

40 V

Id i
d = -63.9

r40 i40 I ~~di(
~~di - L i~ 1 J  V

s2 
= i= 1 n(40) = 20754. 5

d n - 1 ( 3 9 )

= = 144.06 

V

The test statistic is:

t d - i ~j~, -2.805
~

Since t5 = -2. 805 falls in the rejection region , reject the null

hypothesis (H 0). Accept the alternate hypothesis (HA ). Conclud e V

that the depot levels are greater than the base levels. V

Figure 19
Hypothesis Test , Base Actual vs Depo t Actual
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demonstrated that overall the depot actually computes levels greater

than base requirements. The test statistic was well within the rejec- V

tion region for the forty items considered. V

The actual levels computed by the base and the pr edicted

depot model levels were compared to determine the ability of the

V model that was developed to generate the necessary levels to support

base requirements. Again , the test and validation samples were

consolidated for use in the test of the research hypothesis . The

results (Figure 20) again illustrated tha t the overall depot model

computations were greater than the actual base requirements. The

test statistic was well within the rejection region for the forty items

considered.
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The hypothesis is:

H : p  -/4 < 0
A A D

t-critical - 1.645

degrees of
freedom 39

confidence
level .95

a-level .05 V

I
V To form the statistic, compute d and

40 V

~~di V

d = -63.7

r 40 ~40 2 I~~ di V

V 

~~di - Li=l
V = 

i=1  f l(4U)  = 19568. 26ci n - 1( 3 9 )

j  

5d =f

~~~~~~ 

= 139.88 V

The test statistic is:

= ~~~~~~~~~ = -2. 88

Since t5 = -2. 88 falls in the rejection region, reject the null

hypothesis (H 0) and accept the alternate hypothesis (HA ). Conclud e

that the predicted depo t levels are greater than the base levels.

V Figure 20
Hypothesis Test, Base Actual vs Predicted Depot
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

This effort, although limited in scope, provides an introduc-

tion to the nature of the problems encountered by base activities when

dealing with the depot requirements computation system. This

chapter provides the framework within which conclusions may be

drawn from the research findings and recommendations made con-

cerning future research efforts .

Conclusions

The construction of the base and depot models demonstrated

that the two requirements computation systems were conducive to

examination using multiple linear regression concepts. Further, the

models explained a great deal of the variance among the leveling

computations by demonstrating an almost perfect linear relationship

among the dependent and independent variables. The validation

efforts verified the accuracy of the model toward predicting levels

based on the eight D04 1 factors. The validity of the model should,
V 

however, have been based on a larger sample. The limiting factor

to that end was the time constraints associated with this effort and

the large amount of information required from numerous bases.
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The models developed for each of the req uirements compu-

tation systems exhibited several important similarities. The initial

two entries for each of the models were the base O&ST and repair

cycle requirement and the depot repair cycle requirement respec-

tively. This tended to confirm the belief of AFLC personnel tha t

V repair cycle information impacts substantially on the leveling

V process. More specifically, the base order and shipping time and

repair cycle requirement contributed most significantly to each of

V the leveling models. With the initial entry of that one requirement,

the coefficient of determination in each model exceeded the . 80 mini-

V mum R 2 criterion for use of the multiple linear regression modeling

V technique.

Although the beta values differed between models , the effects

or impact of the differences on the ability of the depot system to meet 
V

user needs was the ultimate purpose of this effort. The problem fac-

ing a number of bases is a continuing shortage of required as sets--

assets for which the base is computing levels. The primary interest

in this paper was to determine whether the depot was capably cornput-

Ing levels which meet base needs. The results of tests involving the

actua l and predicted depot levels against actual base requirements

Indicated that the depot was comput in g levels in excess of base

requirements . Although the differences between base and depot

models were quite significan t in treatment of the eight major factors ,

45

VV~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~ V - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V_ V ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ V~~V 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ V 
V

the differences indicated no negative impact on the ability of both the

depot system and the depot model in predicting and computing levels

to support actual base requirements.

These conclusions were significan t when considering the

sample used throughout this effort. The sample of items consisted

exclusively of problem items for which the Strategic Air Command

had experienced MICAP incidents over a prolonged period of time.

When these assets were reported to AFLC , SAC believed AFLC to be

neglecting to compute levels commensurate with the requirements of

the using activities. In other words , the depo t system was shown in

this effort to be predictin g adequate levels for base activities given

the worst possible case.

Recommendations

One of the major problems at the base level is the acquisi-

tion of assets to support mission needs. Bases have long considered

the leveling process as the source of the problem. There is no infor-

xuation currently provided the base activity or command function

V regarding the factors affecting the level determination or the manner

in which a base factor affects level determination. The base activi-

V ties should be made aware of the Importance of the repair cycle

Information to the actual leveling process. Such information could

reduce any inaccurate reporting of information which impacts on the

D04 1 system. It would , also , provide an initial point of referenc e

46
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for bases to examin e when assets are difficult to acquire. An

improved knowledge of the depot system by base activities might

result in better utilization of the system. V

V Since the level computation does not appear to be the

problem, actions should be taken by AFLC to examine where in the

procurement and/or repair cycle areas the problems are being

encountered which impact on the level of support rendered to base

activities. To fully examine the repair problems , joint efforts should

be conducted between .AFLC and the using activities. This recommen-

dation follows logically from the previous one advocating a larger

share of the Info rmation to the base functions.

Several national stock number items examined in this effort

maintained depot levels lower than base demands . Actions need to be
V 

taken by AFLC to provide some adjustment to the depot system to

insure that demand levels computed by base activities are met by the

D041 system. Depot levels should always equal or exceed the stated

needs of the using activities. The AFLC data base receives the infor-

mation necessary to determine the base requirements. Actions must V

be taken to draw this information out of the data base in a form that

V 
~V can be readily used by the item and system managers. It should be

AFLC policy that depot levels have as a minimum parameter the V

aggregate base levels.

Future study into the base and depot requirements computa-

tion system should include an examination of non-problem as well as
47
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problem items identified by SAC or AFLC as pertaining to the B-52 
V

weapon system. A grouping of thirty stock number items within each

area as well as a similar grouping for validation efforts would pro- 
V

vide valuable information concerning the ability of the D04 1 to support

levels required by bases. Expanding the study to include a cross-

section of weapons systems across the Air Force would provide addi-

tional information concerning the possibility of computing levels using

the multiple linear regression model as opposed to the complex D04 1 
V

system.

Of similar interest is information concerning the action s - - 
V

V that the variable safety level concept accomplishes in predicting

levels. Further research into the actual methods behind the concept

of the variable safety level would be most instructive to AFLC. Addi-

tional examination into the computations of the eight major factors

coupled with the treatment of the factors within the multiple linear

regression model will provide a basis for considering the variable

safety level. Of additional interest is the number of levels in excess

of requirements. Research into the variable safety level will shed

some light into the methods causing the excessive levels.

Since the leveling process has been examined, future studies

should begin to examine the procurement and repair areas which must

work in concert with the leveling process in order to acquire the neces- 
V 

V

sary support to the base activities. The procurement and repair

48

~~~~V V~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V t V VJ



V V ~~~~~~~~~~~ V V
~~~~V_r ~~~~

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

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

V function s should be examined separatel y with the items considered

within this study. Subsequent efforts should be broadened to include

problem and non-problem items as well as other weapons systems

representing a cross-section of the Air Force inventory.

Following the individual examination of the three areas of V

the AFLC asset management system, the relationships and interrela-

tionships among the three areas should be examined. This study pro-

vided a cursory examination of the relationships at the outset of the V

effort~. The manner in which the various areas impact on each other

should be examined. Such research studies would be invaluable in

determining the manner in which the Air Force Logistics Command

utilizes the variable safety level concept in computing the levels and V

supporting the base activities.

The examination of the areas outlined above will provide a

total examination and analysis of the depot requirements computation

system (1)041). Such information is badly required by AFLC in order

to understand the D04l system currently in use. The piecemeal

implementation of the various concepts into the requirements compu-

tation system resulted in a system that is not understood by the

personnel who manage it. In depth analysis into the facets of the

V 
~V system complete with the interrelationships will be invaluable to

AFLC.
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