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EXECuTI 1lE SL%'1ARY 

The purpose of Department of D~fen:;e (DcD) i.nventories of spare and 

r~pair parts i.s the readiness and su~tainability of ou.r r.;ilit2ry forces. To 

a\:"hieve tl.t.1t purpose: 

Readiness and sustainability goals for weapon systems .2nd other end 
ite~s should be specified with full visibility of the costs of those 
goals. 

Requirements for spare and repair parts should be computed to provide 
specifi~d l~vels of readiness and sustainability at least cost. 

Progra:n and budget resources should be allo:::ated to rtsource cate­
gories (e.g., engines, recoverables, depot-level repair, consumables) 
to provide specified levels of readiness and sustain.abi.!..ity at least 
cost. 

The logistics system should be viewed as an integrated \\..'hole, not as 
separ;;.te "~<holesaJe" and "retail" levels. 

\ie have examined the e:<te.nt to which the inventory management systems of the 

tlilit.ny Departments and the Defense Logistics Agency (DL\) :1:ee~ each of the 

above criteri:!. We conclude that important changes in resource allocation 

8cthods and requirements computational sy~tems are needed. 

It is common practice to manage DoD :inventories to satisfy supply-

availability (i.e., fill-rate) goals. Such goals may apply t.o a class of 

items within a Military Department, to a specific ~anagement system, or to an 

organizational "entity. Unfortunately, the link between supply availability 

and ~<eapon-sys~eru availability is far from direct. High fill rates, for 

ex;;;mple, are· meaningless if substantial numbers of weapons an• not-mission-

capable for want of spare parts. An expected-backorder goa 1 is a better 

readiness surrogate, but it fails to account for differences in the numbers of 

distinct line items and the mixes of co:nponent u.nit prices among weapon 

systems; therefore, minimizing expected backorders generally results in lower 

ii 



availability rates for weapon systems with relatively large nuMbers cf 

components or with relatively costly ccrr.ponents. The best approach, ~o~hen 

feJsible, is to link inventory decisions directly to v:ear;vn-syste:n avail-

ability goals. Availability models no>J make that dir~?ct approach feasible 

when adequate data exist. 

The Air Force is in the best position among the Military Departments and 

DLA to implement an availability model for spares requirements com?utations. 

In fact, the Air Force plans to run an availability model concurrently with 

its present recoverable spares requirements computation in the immediate 

future, and compare the results. It could, with fJirly modest effort, replace 

the variable-safety-level (VSL) algorithm of its current rec:.·1o·erable spares 

requirements system with an availabi) ity rr.odel, and eY.tend it-s application 

later to other such end items as ground radars and missiles. 

The Army, on the other hand, faces serious prcblems in da~a collection. 

Its ~ational Inventory Control Points do not have adequate Yisibility of 

assets, nor do they have the data from which cc•mponent pipelines -:Jn be 

estimated accurately. Their highest quality data probably are those on 

aircraft; thus, we recommend that the Army apply ,wailability oodeling first 

to aircraft spares requirements. That step should be coupled with an 

evaluation of alternative data collection and reporting systems and early 

implementation of a system that will support an availability model. 

The Navy needs to improve the accuracy of its data on component 

characteristics and end-item configuration, bctt its data pr•oblems are not 

nearly so serious as those of the Army. we reco~neod that the ~avy expand 1ts 

use of availability models beyond their limited use in initial provisioning hy 

applying them first to computation of stock levels at all echelons for 

aircraft. As a next step, we recommend their extension to ships. 
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The DIJ.. is responsible for procuring ar:.d managing ile'!l'> that are broadly 

termed consumable items. A large portion of DL\-·managed items are common to 

more than one application or to more than one ~liliLHy D~partment. Use of an 

availability model would require multiple weapon-sy~tcm codes for many items 

and would necessitate prorating estimated demand or partitioning actual demand 

amo1i0 weapon systems. Before \,lemen(!ng any widespte2d application of 

availability models, . DL\ should assess the practicability and cost of 

acquiring and maintaining the requisite application data. 

Availability optimization models cor.stit!Jte the most promising approach 

to the problem of relating program acd budget resource le,;els to military 

readiness and sust<~inability. Fu!"::.hermore, tbey will compute the least-cost 

mix of spares to achieve specified levels of weapon-system availability. The 

Military fepartments differ in the relative sophistication of their inventory 

management and requirements computational systems, the quality and complete­

ness of their data bases, and their po] icy and operating directives. As a 

result, they also differ in the amount of difficulty they face in implementing 

availability models to compute spares requirements to support specified 

wea;:>on-system availability objectives. Because the quality and completeness 

of aircraft data are generally higher than for other weapon systems, c,;e 

recomn:end as a first step that all the Military Departments move forward 

aggressively to implement availability models to compute ai~craft spares 

requirements. 
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1. INTRODl.!CTION 

The fundamental purpose of inventories of spa~c and repair parts in the 

DoD is t.o support military readiness ann sustain<~bility. Thf.re is a con­

ceptual difference between these two componeuts of military capability. 

Readiness is the ability of forces, units 1 weapon systems 1 '.171r equipments to 

deliver the outputs for o;,•hich they were designed, includin;z t.he ability to 

deploy and employ without unacceptable delays. Sustainabi~ is the "staying 

power" of our forces, units, weapon systems, and equip.nents, often measured in 

numhe r of days. Readiness js essenti,tlly a measure of prc··D-Day status, 

extending at most into initial combat operations, o;,·hilc sustainability is a 

post-D-Day measur-e; hence, ~Ne often speak of peacetime readiness and combat 

sustainability. 

This logic has a corollary in the management of supply systems. 

Inventories of spare and repair parts in defense supply systems are viewed as 

having two components, peacetime operating stocks (POS) and war-reserve 

materiel (w"R.'1). The purpose of POS is to support readiness; the purpose of 

w1U1 is to support sustainability. The most direct and meaningful measure of 

"the influence of POS on readiness is weapon-system (or end-itew) availability. 

We use the terms availability 1 eud-item availability. and weapon-system 

availability interchangeably to mean the probability that an ~~d item, such as 

a tank or an aircraft, selected at random, is not waiting for a component to 

be repaired or shipped to it. (We do not mean supply availability or fill 

rate.) Given that the purpose of POS is to support readines.s and that avail­

ability is the best measure of readiness, it follows that POS requirements 

computations shoul9 be designed to achieve specified lev~ls of availability at 
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least cost. 'fhis concept of POS requirements computations ~as stated as an 

objective of the DoD in the Defen:;c Guidance related to the FY84 Program 

Objectives t1emorandum: 

"Our objective is to size and fund POS secondary :item inventories to 
support f:rograrll!Ded weapou syst.::m availability rates and operating 
tempos .... the Services will develop and institute, by end FY85, 
the ability to size lo'eapon system initial and rqTenishment 
secondary item inventories to meet explicit ~'<'eapcn syst:en avail­
ability and operating tempo objectives." 

we would only add to this direction the phrase "at l~ast cost"-

The logic of V.'RM requirements computations is not as str:aightforward a:; 

it is for POS. There are two difficulties in structuring the w1U1 problem. 

The first is in specifying the objective function; the second is i~ specifying 

a scenario. These issues are beyoud the scope of this report but will be ad-

dressed in a subsequer.t report on methodological issues in k'RM requirements 

cJ.aputations. 

AVAIL\BEIH ~!ODELS 

In this report, we examine the supply systems of each of the Military 

Departments to determine the impediments to computing POS rcquir~ments to meet 

specified weapou-system availability objectives. We focus m:.' the use of 

availability QOdels, which we define as mathematical models that co~pute sets 

of points compcising availabili ty-vs. -cost curves, each p,•int of which is an 

optimum in the sense that it represents the least-cost mix of s~ares for that 

level of availability, and, conversely, the greatest availability achievable 

for that level of investment. For each point on the curve, the model computes 

a stockage posture which is defined as a set of line-item stock levels by 

quantity and location. Each locaticn i:; associated ~Jith an 'Exhelon of the 

logistics system, e.g., base, depot, direct support unit, etc. 

The kind of availability models we have in mind in our discussion in this 

report require detailed data on every line item. Those data include: unit 
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cost; removal rate (maintenance factor); a;>plication data; and resupply data. 

The application data, for each application, consist of the end item name; the 

end item population and usage rate; the quantity per application; the future 

application percentage; the level of indenture; and the identification of the 

next higher ossembly. The resupply data coesist of th~ number of echelons; 

the number of users (claimants) at each echelon; the orcler-and-ship times 

bet~een the echelons; the average turnaround time (including retrograde ship-

meat and repair) for each echelon; the percentage ot componPnt removals at 

each echelon; the percentage of component repairs at each Pchelon; the washout 

(condemnation) percentage; and the procu::-ernent leadtime. This set of data 

represents an ideal situation. In specific c~~ses, requirements computations 

may be possible without every data element for every line item. 

There are several availability models in use in DoD that generally sat-

isfy our definition, but only one of them currently has the ability to allo-

cate resources across weapon systems and take explicit account of common 

items. However, that common-item logic could be incorporated in other models. 

Another important group of spares optimization models includes tho·se that min-

imize expected backorders for a specified level of investment. 0ur remarks 

about availability models throughout this report generally apply to this 

latter group as well. However, if a model focuses on expected ba.ckorders and 

cannot be used to pr~duce availability-vs.-cost curves, its utility is 

dramatically reduced. We exclude such models from our discussion. 

CAPABILITY TO USE AVAILABILITY MODELS 

There are several other topics to consider when developing a strategy for 

the implementation of an availability model for initial and ll'eplemshment 

spares computations. These include the following: 

Organization--Reorientation of the present supply syste~ organization 
from line-item to weapon-system management. 
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Eudgeting by Weapou System--Development of procedures to manage 
budgetary resources by weapon system. 

Data Availability--Collection of ti~ item characteristic and applica­
tion data described above, data relating to weapon-system programs 
(usage rates), and the level of readiness (availability) desired foz 
each weapon system. 

Data Accuracy--Development of procedures for updating the data as 
relevant changes occur. 

Implementation Status--Currellt use of availability models, tbe 
sophistication of the inventory managers, and their understanding (1~J 
trust) of the models. 

~easurement of Results--Dev~lopment of procedures to measure athieved 
availability and compare it vith predicted availability. 

Each of these topics is evaluatPd in the following chapters. The discussion 

of these topics will vary for each of the Military Departments and the Defense 

Logistics Agency (DL\) based on our assessment of their importance in the 

implementation of an a~ailability model. 
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2. AIR FORCE 

In this chapter, we describe briefly the Air Fo~cc's current requir~ment? 

computational methods and discuss several steps involved in implementing 

req~irements computations with availability mo~els. Air F0rce spdres require-

ments fall into one of the major resource classes shown io Table 2-1. 

Requirements for items in each of these ciasses are computed by a differt"nt 

• 
system and, more importantly, are based on different criteria. 

Data on recoverable items are maintained in AFLC's D04i syst<!'m. Recover-

able requirements (except for ai~craft engines and engine modules) are 

computed by the Variable-Safety-Level (VSL) algoritrJll of 0041. The VSL model 

is AFLC's implementation of Sherbrooke'<; tlETRIC model. 1 
_It minimizes tJta] .? 

expected backorders (EBO) at organizational and intermediate mai:1tenance (OI~) 

levels for a particular investnent level established by specifying th<:' value 

of tt-.e Lagrangian multiplier. An objective function of m',nirrJziag e··~:Jecr.ed 

OIM backorders is clearly superior to maximizing fill rates, but it fails to 

account for the numbers of es5ential components in various weapon systems. 2 

Thus, the VSL model delivers less availability for weapon systems with 

relatively larger numbers of recoverable components (especially expensive 

ones) than for those with smaller o.umbers. The differew:es >n avaiJJbility 

rates among weapon systems have been shown to be substa:1t. i: ~-, and those 

1
Sherhrooke, C. C., "METRIC: A Multi-Echelon Technique for Recovt>nble 

lteln Control," Operations Research, Vol. 10, No. l (1968), pp. 122-lLtl. 

2
Brooks, R. B. S., Gillen, C. A., and Lu, J. Y., Alternative MeJsures of 

?~ Performance, The Rand Corporation, RH-609~-PR, 196-9-.----
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availability rates are not even computed, much less made visible, by the VSL 

model. The \'SL algorithm could simply be replaced by an a'ilailability model 

~ilhout additional modifications to the system. The current recoverable 

requirements computation system provides all of the data required to support 

requirements computations by an availability model for both procurement and 

repair except the desired availabilitv ratr.s by weapon system and component ' . 
removal rates by weapon system. Lack of compon~nt removal r<>.tes by weapon 

system, ho\.lever, does uot preclude the use of au availability model because 

assumptions can be 01ade that will facilitate the requirement.s computations. 

On the other hand, wearon system availability objectives mus~. of course, be 

specified. 

W.\RS and the RDB 

AFLC is currently involved in major changes in its approach to 

recoverable spares requirements computations. A system call~d the Wartime 

Assessment and Requirements Simulation (WARS) tlodel is being developed to 

compute procurement and repair requirements for aircraft recoverable spares. 

The wARS ~lodel is an important step forvard because it focuses on availability 

rather than expected backorders and it is designed to C•ptimize the mix of 

::epair and procurement budget resources. How·ever, the feasibility of the 

optimization algorithm in the wARS Hodel bas not yet been dellw!'lstrated. The 

Requirements Data Bank (RDB), designed to support the model, represents an 

improvement over tbe curr~nt D041 data base. It will contain component 

removal rltes that are predicted for the initial surge period of a war ~nd for 

sustained combat operations, as well as historical component removal rates for 

peacetimP. The RDB will also contain levels-of-indenture data. Serious 

consideration is being given to the addition of consumables Gata in the RDB, 

but this decision has not been made. wARS and the RDB may ultimately te 
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significant p<lrts of the total solution to tile Air Force's requirements 

computational needs, but their performance is still a matter of uncertainty, 

and they should be viewed as products of long-term development. 

CONSUMABLE$ 

Requirements for consumables are computed by A.FLC's D062 system. The 

0062 data base contains-data 0n more than 500,000 }ine items. 

Two problems inhibit the Air Force's ability to include consumables in an 

availability model in the same way as recoverables. The first is that models 

such as the Uti Aircraft Availability Model, MEBIC, MOD-~1ETRIC, \'ARI-~J:TRTC, 

and SESAME are built on the assumption of an (S-1 ,S) reorder policy, t..'hereas 

consumables are managed with an (s,S) policy. 3 

The second significant problem with consumables is the relatively 

intractablP. mathematical character of the (s ,S) reorder policy in a multi-

echelon system. No solution hss been found to the problem of optimizing such 

a system except for certain special cases, altho,Jgh approximative solutions 

have been developed, again only for special cases. 

These two problems, though troublesome, should not be viewed as pro-

hibiting the eventual application of an availability model to consumables 

requirements computations. We point them out here only to make it clear that 

the application is not free of technical difficulties. 

An interesting characteristic of the distribution of consrunables in the 

D062 system ca.1 be noted from Table 2-2. The dashed line in the table 

separates line items ~o.•ith a total annual dollar value of demand of $50,000 or 

3An (S-l,S) reorder p~licy implies one-for-one replacement; i.e., as soon 
as the quantity on hand plus on ordei: ruinus backorders equals one less than 
the stock level, S, an order is placed immediately. Ihe (s,S) policy speci­
fies that, when the quantity on hand plus on order minus bacltorders is less 
than or equal to the reorder point, s, an order is place.i to bring the 
inventory pos~tion up to S. 
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more from the other items in the system. Fewer than 0.7 percent of the line 

items in the system are below the dashed line {3447 lint! items); yet, they 

represent 52 percent of the total annual dolL\r value of demand in the syst~m. 

Another characteristic of the distribution shown in Table 2-2 is pertinent. 

All of the line items above. the "staircase" line have economic ord~r quanti­

ties (EOQ) of one. These items comprise 80.8 ~erc~nt of the line items in Lhe 

D062 ~ystem; therefore, .those items could be added to an availability model 

wit~J.Out violating its reorder policy assumption. Unfortunately, the line 

items with an EOQ of one and those with high annual dollar value of demand 

tend to be disjoint; only 1832 line items have both characteristics. 

Consideration of all these factors together suggests that the inclusion 

of consumables in an availability model along with recoverables may not be 

"" 
practical. It mig~t make more sense to pursue the development of a mathe-

matical estimating relationship fer consumables that would rela~e fill rate or 

investment level to weapon-system availability without any opti~ization logic. 

In order to ~ake a sound assessment of this issue, v?ri~us alternative 

approaches to consumable requirements need to be evaluated in terms of their 

contributions to the availability-cost relationship. 

ENG HiES 

All of the data required to support the use of an availa~ility model for 

engines and engine-modules requ.irements computations are alrteady available. 

It is a step that could easily be taken now; however, it is i~portant to note 

that engine removal forecasts are based on actuarial data that account for the 

distribution of engine operating times since new or overhatnl. These data 

support estimates of engine removal rates believed to be moJZe accurate than 

the typical component removal data in 0041 (which are based upon two-year 

moving averages). The accuracy of the engine removal rates could be 
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maintained if computed as they are now; they could tb_·t: h- Jdded to the file 

of recoverable components (or to the RDE\) on '"'hid! .ln -1V1d~bi i ity model t..·ould 

opente. 

~QUI r~en ITE!'!S 

This category includes a diverse collection of items ranging from 

oscilloscopes, automatic test equipment, dnd tes( stands tc munitions trucks, 

gr()und COmmUUiC3tion equipment 1 and base mainten,H\Ce support equipment • 

Requirements for Air Forr:e equipment items are computed by AFLC's DC39 system. 

The category includes approx1mJtely 100,000 items ~onti1 a total CSAF investment 

of $12 billion. Requirements computations for equ1pment items are based on a 

comparison of authorized versus on-hand quant1ties. 

Although equipment items arc end items, they are generally not considered 

as weapon systems themselves. Rather, equipment items support specific 

missions (e.g., munitions trucks and ground radar:;). support the maintenanct:­

of weapon systems (e.g., test and calibration equ1pment), or provide support 

for other base functions (e.g., base communication~ equipment). Availability 

models could be used to compute the spares levels needed to provide a given 

availability level for a specific equipment item. However, ~hat is ultimately 

needed is the capability to co~pute rq:.::re~ents for these items dnd their 

ass~ciated spares so as to optimize the availability of the supported weapon. 

Several problems inhibit the use of availability models for equipment 

requirements computations. The first is the bck of data elements which 

define the nature of the weapon support ro:~ performed hy a given @q.uipmeot 

item. A second problem is the difficulty in accurately modelin~ the impact of 

equipment-item inventory levels (e.g., test stands) upon weapon availability. 

A third difficulty lies in establishing appropriate availability goals for 

general base support equipment. 
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OPTI~!IZATION ACR.OSS Cet1MOOITI£S 

The two straightforward steps of replacing the 0041 \'SL logic with an 

availability model and the addition o! the tnginc data to the avail-

abilit.j' !!!0'.!el's i9put data file would facilitate the Air fcrn.-!'5 use of a 

multi~indentur.e availability model fo1: requirements comv\ltattons in the 

immediate future. The computations could be made for engLnes and engine 

modules as we;.l as other recoverables. Only c0nsu:nables 'w'ould be excluded for 

lack of an analytically tractable math~matical model of the Air Force's 

multi-echelon EOQ system. 

IJ~ally, the marginal requirements dollar should always be spent for the 

procurement of the greatest marginal improvement in ~o.-t:.•apon·system 

av31lability. 1ne difficulty in doing this in the Air Force lies io relating 

the return in avaj :ability of the marginal dollar used to purchase consuma~les 

to that of the marg.n~l dollar invested in recoverables (iucluding engines and 

engine modules). The goal of tbe require~ents system should be to establish 

budget levels and requirements such that the margi~al ~eturns in availability 

per dollar are equal among all commodity groupings. The problem of achieving 

that ir.vestment balanc~> ::.s complicated by the specification of availability 

rates by weapon system and, ideally at least, the requirements system ought to 

be able to find the least total budget to achieve the specified rates. Toward 

this end, the Air Force needs to develop a method of relating the consumable 

budget level to weapon-system availability so that investments can be balanced 

between consumables and reto.verables. That method may be to include con· 

sumables in an availability model or to develop a cost·estimating relationship 

for consumables that will accoffivlish the same end. 

A NOTE ON THE STANDARD BASE SUPPLY SYSTE~t 

It is important to optimize the distribution of stock levels across 

echtlons of the inventory system as well as across col!llllodity lroupings. The 

I 
/ 
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Air force recognizes this need and is developing a new distribution system, 

D02B, intended to distribute assets among the depot and al~ users world- .. ,ide. 

D02S is designed to be a ''push" c;ystem, rather than a "pull'' sy~tem; j .e., 

it .... auld not depend upon user requisitioc~.ng. It '.lould Jepend upon central 

visibility of all assets in the sys~em and the slatus of those assets and use 

that knowledge to allocate assets to minimize expected bast'- level backorders. 

Thus, 0028 is designed to be logically consistent with th~ \'SL requ\reL'lenls 

computational system. 

The n~ason 0028 is being developed is that the Air Force's Standard Ease 

Supply System (SBSS) establishes base stock levels on the basis of individual 

item demand rates and is, therefore, inconsistent with the logic of the 

requirements system. If the Air Force moves to the use of .an availability 

model for :-equirements, the SBSS and the D028 system would be incompatible 

~<'ith the availability model's logic. Ideally, stock levels at the bases 

should be determLed by a multi-echelon computation that takes explicit 

account of. depot stock levels and other itern chararttristics determined by 

world-wide applications. we know that such a computation can be done 

centrally, and it could be imbedded in a system in which the bases requisition 

stocks against the centrally computed stock levels. This seems preferable to 

a decentralized system of computing stock levels because the bases do not have 

visibi:!.ity of removal rates at other bases. In any case, the fundamental 

issue of compatability bet...,een the requirements system and the distribution 

system would need to be reexamined if the Air Force implements an availability 

model for requirements computations. 

ORGANIZATIONAL ISSL~S 

There is no orgauizational impediment that prohibits the use of an avail-

ability model for requirements computations. One troublesome issue is that 
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item managers do not have visibility of other thJn the line items they manage 

and m3y judge the computation~! results of an availab1lity model to be 

inconsistent with the intuition they have gained from their o~o.·n experience. 

In the Air 7orce :ase, however, the problems item managers may have with the 

computations of an availability model are not unlike their probiems in bc1ng 

comfortable :.;ith the VSL algorithm's co:np'.ltati.onal results. H1c only added 

complication is that an availability model takes "''eapon system availability 

objectives into accoJ.nt in addition to item unit prices i~ making tradeoffs 

amonp, line ite:ns. The problems induced by the item managers' lack of total 

system visibility are discussed at greater length ir Chapter 6 because they 

exist in evt.>ry ~ilitary Department and in DLA. 

A!though individual line items are managed at the var1ous Air Logistics 

Centers (AICs), requirements computations are done centrally. It "'uuld be a 

simple matter to partition budget resources by materiel manag~ment code and to 

pass advisor/ shopping lists to the ALCs. The responsibility for requirements 

lies with a single director at Headquarters, AFLC. 

A wORD ABOUT I~ITIAL PROVISIONI~G 

In a previous report we discussed the use of availability models in 

initial provisioning and argued that their use enables deci!.ions regarding 

spares investment lev~ls and spares stockage postures (i.e., stock levels by 

stock number and location) to be made with full visibility of the relationship 

between weapon-system availability and spares costs. 4 Except for the greater 

uncertainty involved, the application of an availability model to the initial 

provisioning problem is the same as for the replenishment scenario. An 

availability model can provide a smooth transition from the provisioning to 

4Abell, John B., et al, The Use of Availability Models ~.!.! Initial Pro­
visioning, Logistics Management Institute, Task Report ML108, 1981. 
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the replenishment mode with oo discontinuity or major adjustment required. 

Also, margin.1l requirements for component:; common to a new weapon system and 

one or more current s.ystems could be determined by run.ning the model twice in 

the replenishment mode, first without tbe new weapon system and then with it 

included. Tn that way, the total requirement attributable to the new system 

could easily be d~termined. 

At best, current initial provisioning methodology in the Air Fccce is 

confused. The Air Force has applied the ~OD-METRIC model to certain recently 

acquired weapon systems, but the model's optimization logic was ignored in at 

least one of those applications in favor of a constant fill rate across all 

components, U:Us and SRUs alike. 5 The use of the same av.iilabi lity model for 

initial provisioning as for replenishment, with the addition of Bayesian logic 

to its algebra, would provide a unifying methodology for both computational 

problems that would maximize weapon-system readiness for both the provisionin~ 

and replenishment dollar. This .,.;ould constitute an attractive alternative to 

~urrent methods. 

CONCLUSIONS 

Table 2-3 st~arizes lhe. capability of the Air force to use availability 

models. The Air Force is closer than any of the other ~ilitary Departments to 

~chieving the goal. of optimizing their total POS requirements system with 

respect to weapon-system availability. four steps are needed: 

Replace the current D041A VSL system c,;ith au availability model. 

Add engines and engine modules to the data file input to the avail­
ability model. 

Develop a method for balancing budget levels between recovecables and 
consu..1lables. This may depend only on the development of a 
mathematical estimation of the availability-cost relationship for 

5Muckstadt, J. 
Indenture Inventory 
472-481. 

A., "A Model for a Hulti-Item, Multi-Echelo:l, Multi­
System," Managemen!_ Sc.~ence, Vol. 20, No. 4 (1973), pp. 
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consumables, a multi-echelon optimization algorithm for tbe consum­
ables system, or a model that CDn treat both recoverable~ and 
consumables in a single cptimization model. 

Develop modifications to the SBSS to make it operate compatibly with 
the multi-echelon, multi-item logic of the availability model ia 
establishing b3se stock levels. An alternative to this is to redesign 
the 0028 system to maximize availability rather than minimize expected 
backorders. 

TABLE 2-3. CAPABILITY FOR USE OF AVi;ILA.BILITY ~·10DELS 
IN SPARES COI1PuTATIONS I~ AIR FO-RCE SUPPLY SYSTEM 

Organization 

Budgeting by weapon System 

Data Availability 

Data Accuracy 

Implementation Status 

Measure of weapon-System 
Availabili~y/Unavailability 

Available/ 
A,eElicable 

I 
'V 

.J 

.J 

Limited 

.J 

.J 

.J 

Not Available/ 
Difficult 

The third and fourth of these four steps (l.re the only technically diffi-

cult ones in a developmental sense. The first two can be taken in the immed-

iate future. In fact, the Air Force is already investigating the computation 

of recoverable requirements with the Aircraft Availability Model developed for 

the Air Force by L'1I, an important first step towards a system that would 

account for levels of indenture and common components, as well as procurement 

and repair. 
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3. ARMY 

The Army computes its requirements for s~condary itt>ms in a variety of 

ways, depending on the organizat1on level, the commodity type, requisition 

frequ~ncy and dollar value. The supply system can be divided into two 

organizational categories, wholesale and retaiL The wholesale system con­

sists of five national' inventory control points (HI CPs): Missile Command 

(MICOH), Communications-Electronics Readiness Command (CEC0!1), Tank-Automotive 

Readiness Command (TACOH), Troop Support and Aviation :1ateriel Readiness 

Command (TSARCOH), and Armament Materiel Readiness Command (AARCOi1). 

The NIC? structure and focus of materiel management are corr•modity 

oriented. for example, alt~ough TAC0l1 is responsible for tank support, the 

communications components of the tanks are managed by CECOM. At the wholesale 

level, only demands on the NICP are visible, and requirements computations are 

based on those demands. There are no management objectives at the NICP relat­

ing to weapon systems or weapon-system readiness. 

The Army computes wholesale requirements with its Requirements Determina­

tion and Execution System (RD&ES), a part uf its Commodity CWl!lland Standard 

System (CCSS). The RD&ES is the Army's implementation of DoD Instruction 

4140.39, and is used to compute wholesale requirements for repairables as well 

as consumables. The computations are deceatralized among the NICPs. 

The retail level is more complex. In general, each command in the Army 

has some latitude in implementing the procedures promulgated by the office of 

the Deputy Chief of Staff for Logistics (DCSLOG). For example, each command 

makes some independent decisions on what to stock and how to position the 

stock. 1;here are three suo-depot organizational echelons: general support 
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(GS) 1 direct support (DS) and organizational. 

support!C!d by a prescribed load list (PLL) of 

secondary items. 

The organiza.t.ional level is 

repairable and consumable 

The PLL is tailored to the mission of a company and is generally con­

stralucd by the unit's mobility requirements to about 300 items that will fit 

in one van. The computations for the PLL bave been upgraded recently to 

include combat requirements rather than only peacetime requirements. 

The Division and Corps J evels are supported by authorized stockage lists 

(r\SLs). Generally, the ASL for the Division level is used for direct support 

and at the Cc.rps level for general suyport requirements such as component 

repairs. A divisional DS unit supports over 100 PLLs that include some 6,000 

Lo 10,000 repairable and consumable ite~s. 

The Army supply system is heterogeneous in structure. There are DS units 

at the Corps le-,.,el for some weapon system-; (such as missiles, t::.:cks or air­

craft), units may be moved from one corps to another causing shifts of 

demands, and the Army Natio11al Guard with its o1m PLL may be as; signed to any 

one of a number of corps. Because the :\rmy has flexibilit.y in assigning 

command respon<>ibility of its units, demands, even at the division level, 

fluctuate. 

The fu3ds ior spare parts are divided into stock funds, generally used to 

purchase consumables, and the Army Procurement ,\ppropriation (At-A), generally 

used to purchase repairables. APA items are "free-issued" to the field. 

Recently, many items have been reclassified from APA to stock. fund to reduce 

the number of "free" issues to the field. 

MAINTENANCE DATA CO:LECTION 

The Army's maintenance system may ultimately provide the data needed for 

more efficient management of its supply system. The Army currently records 
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maintenance data in two ways. The first is the standard system prescribed by 

T:·i 38-750; the l:econd is the .\1-r.q's sample data collectioc. prC'Ig.!'am. 

The Standad :\r.ny ~laintenance Systems (SAMS) 

Data desc;:ibing maintenance actions are recorded on DA Form 2407, 

prim::.rily for local use. !:!at~ from the form are not rout•nely input to a 

central system. Typica~ly, the battalion maintenJnce officer presc:::ibes what 

data will be recorded. 'Ihe DA Form 2407 ;i.::-.n't always completed. That, too, 

depends heavily on local man~gement. 

The Army plans to ~ollect data from the DA Form 24t'J7 and, by tte 
• 

late 1980s, forward the data to the Materiel Readiness Support Agt'ncy U!RSA). 

For this plan to be usefvl to the Army supply system, the form needs to be 

revised to collect in!ormatiou on component failure/removal rates, OS and GS 

repair rates and times, and pipe~ine times. 

The 5ample Data Collection Program 

The Army currently contracts for the collection of data on mainte-

nance action~ on selected weapon systems and end items ~f equipment at 

sdected organizations. The data recorded in this progcam .;re: much cleser to 

what is needed by the requirements system than is the information provided for 

in the standard system. Even if the Anny were ev~ntually to coll~ct the righL 

information ("right" fro'JJ the supply point of vie~·) only on '' sample basis, 

item managers would have far greater visibility ~f component characl~ristics 

than they have now. 

CURRENT USE OF AVAILABILITY ~lODELS 

The Army currently uses, at the whole,:;ale level, an availability model 

(SESAHE) to compute requirements for selected items on new weapon systerT>s Jnd 

to assist in budgeting. SES&'1E computes stockage re<;uirements for the whcle-

sale and retail levels to meet weapon-system availability goals. Howe\'er, 

3-3 



SESA!'lE only computes re11uirements for one we:.tpon syst.em at a time and does n0t 

account specifically for common items. 

Il1PEDI~!E~TS 

Three major factors inhibit the Army's ability to implement au avail­

ability model for replenishment spares requirements Lomputation. The first is 

that the NICPs do not have good visibil)ty of assets at sub-depot echelons of 

the inventory system. A monthly report of Availability Balance Files 

developed from "sales" of assets by held units is provided to t!,e wholesale 

system, as is a daily transaction b6lance report (SI~S-X) for high-cost items. 

However, the NICP uses the data from these reports infrequently because of the 

inconsistencies and inaccuracies believed to exi~t in the data. 

The second inhibiting factor is that the NICP does not have observed data 

that will support the computation of item pipelines. Ingredients of that 

computation not kno~om to the NICP are: item removal rate; direct support 

(DS), general support (GS), and depot repair percentages; DS and GS order-and-

ship times and repair times; and depot retrognde shipment time. These 

element~ of information are estimated at the time of provisioning, and some 

revisions are made early in a system's life, but, in the replenishment mode, 

they are not updited on the basis of observations. All that the NICP sees on 

the basis of actual observations of a replenishment item are the depot demand 

rate, quantities received and repaired at the depot, the depot repair time, 

and the depot condemnation ·rate. As a result of this, spares requirements can 

not be computed to maximize availability subject to a budget constraint. 

The kind of availability model that .,..ould be suitable for computing 

replenishment spares requirements depends on an optimization algorithm that 

uses the probability distribution of the number of components of each 

particular type in resupply (the mean of which is the ite-m pipeline). By 
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resupply we mean in repair at DS, GS, or depot, in retrograde shipment, in the 

o::der·and-ship pipeline, or a\oo•aiting condemnation replacement. In the Army 

supply system, sub-depot-level repairs are invisible to th~ NICP; yet, for 

many items they constitute a signiflcant proportion of the pipeline. V.'hen 

sub-depot-level repair rates or repair times 0r component removal rates 

change, the NICP sees only a reflection of those ci":!anges in requisition rates 
' 

or depot return rates. If the requisition rate or depot return rate changes 

sufficiently, the item manager updates the failure rate shor,..·n in the ~ational 

Stock Number Master Data Record (NSmiDR) to express the change he sees even 

though, in fact, the true failure rate might not ha1:e changed.. The change in 

the ~ailure rate reflected in th~ ~S~~IDR affects the item manager's ability to 

project other factors, such as condemnations and depot-level repairs. The 

pzactice of revising the failure rate to represent changes to an item's pipe-

line is resorted to because many of the real changes that affect the pipeline 

are unknown to the item manager. 

The third factor that inhibits sparing lo optimize availability-vs.-

investment in the Army is that the Army supply system is partitioned into 

wholesale and retail parts as a matter of policy. That policy represents a 

point of view that .,.,e believe must undergo a fundamental change before the 

Amy can bring about the changes needed to support requirements computations 

that achieve. specified weapon system availabihty objectives at least cost. 

Such a computational philosophy depends on a multi-echelon view of the 

logistics system that the Army does not now have. Although one could probably 

develop a spares requirements system in which stock levels were computed at 

one or more sub-depot echelons, such a system would be suboptimal by design 

because the computa~ious would be done without complete visibility of all of 

the factors that influence the determination of optimal stock l'evels. 
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we believe that the cost-effectiveness of the Army's spares requirements 

system would be greatly enhanced by the use of a rnulti-e{;helon availability 

model for requirements computations, supported by a data system that 1.·ould 

provide the ~!CPs with adequate visibility of assets and sound estimates of 

component characteristics. Our conviction i::: based, in turn, on analyses of 

many weapoa systems using availability models and our experience with the 

computational techniques involved and with their often dramatic results. ~e 

may misjudge the cost and difficulty of collecting the data to support those 

computational techniques, but we are persuaded that the Army should pursue an 

investigation of its feasibility, ~.<.'hether through revision of its standard 

system or augmentation of sample data collection. 

Table 3-l summarizes the Army's difficulty in moving to an availability 

orientation of requirements computations. 

TABLE 3-1. CAPABILITY FOR t:SE OF .~VAILABILITY MODELS 
IN SPARES COMPUTATIONS I~ AR!1Y SuPPLY SYSTHIS 

Organization 

Budgeting by Weapon Sy~tem 

Data Availability 

Data Accuracy 

Implementation Status 

Measure of Weapon-System 
Availability/Unavailability 

aLimited to initial provisioning. 

A COL~SE OF ACTION 

Available/ 
Applicable Limited 

.ja 

I 

" 

Not Available/ 
Difficult 

The Army needs to take three steps to implement availability models for 

computing repleni"shment spares requirements. Each step is a major effort 

requiring careful design, planning, and execution. Hore importantly, perhaps, 
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each requires fundamental changes in r::anagement or-ientation. The first step 

is to develop a reporting system that ~ill routinely provide 3sset visibility 

to logistics management at division level 3nd above, but espt:cially to the 

NICP. Asset data are necessary ingrcdieats in any requiremen~s computation. 

The second step i~ to provide the ~ICP with the data elements required to 

compute item pipelines, as discussed in Chapter l. ~:ost of them are kno1.11 to 

maintenance personnel who remove, replace, and repair components. Therefore, 

component removals and repairs could be routinely recorded and reported to the 

NICP through the standard system or the required data could be ~ollected in a 

program similar to the Army's sample dau. collection program, with revisions 

to alter the set of specific data elements recorded. A sampling program could 

be expected to yield data of higher quality, but the design of such a program 

would need to ?ccount for the heterogeneity among organizations and changes in 

component characteristics over time. The most effec-tive (and most costly) 

data collection program would encompass both approaches; i.e., it would 

specify the routine recordirig and reporting of the data elements of interest 

on all maintenance actions (similar to the Air Force maintenance data collec­

tion system) and ~o.·ould verify their accuracy \.lith a sampling program. The 

feasibil(ty and cost of these alternatives need to be assessed. The highest 

quality data available in the Army seem to be on aircraft and missiles, but 

even these data need to be improved substantially. 

One migh~ argue that neither of these two steps is necessary because the 

Army cu~rently performs requirements computations without visibility of assets 

below the wholesale level and without routinely updated estimates of item 

pipelines. Our countera=gument is that, although an availability model would 

deliver more cost-effective stockage postures than the Army's. current system, 

using only the data presently available, we believe that it ;is fundamentally 
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important to make the requirements computation on the b3sis of better data 

than the Anny now has, independent of the computational method used. 

The third step the Army needs to take, independent of the use of an 

availability model, is to move toward management of its logistics system as an 

integrated whole. A requirements system that determines requirements without 

visibility of the whole logistics system cannot perform as well as one that 

has that visibility. Requirements comp~tations should be done centrally ~ith 

full visibility of assets in the system and routinely updated estimates of all 

of the component characteristics upon which a requirements computation is 

based. Again, we qualify these observations by pointing out that they are, in 

large part, based on our intuition about the enhanced cost-effectiveness that 

we believe is achievable. We wish to emphasize the need for verification .,:. 

through an assessment of the cost and feasibility of supporting a centralized, 

multi-echelon, availability-oriented requirements system witb adequate data. 

A multi-echelon availability model derives much of its po~o'er from its 

view of the logistics system as an integrated whole. That system view enables 

the model to allocate stock levels among claimants (users) • echelons of the 

logistics system, and line items in the inventory so that specified levels of 

availability can be achieved at least cost. The partitioning of the Army 

inventory system into "wholesale" and "retail" components c:ilitates against 

cost-effective inventory management since the performance of the system at the 

"retail" level depends on the allocation of stock levels at both the "whole-

sale" and ''retail" levels. Redistribution of assets among usets to satisfy 

critical shortages could also enhance system performance. 

CONCLUSIONS 

The Army will not be able to comply ...,ith the directions of the Defense 

Guidance " to size weapon system initial and replenishment secondary item 
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inventories to meet e:<plicit weapon syHern availability and ~perating te:npo 

objectives ... " without fundamental changes to its le>gistics fllac.a;gerr:ent system. 

Some of the changes required can be accomplished in the sh.u:rt terrn; other 

changes will require longer-term effort. we believe thzt the Army should take 

the following steps now: 

Develop and implement a reporting system that woul.:l give the NICP 
asset visibi~ity. 

Evaluate the cost-effectiveness of alternative data collection svstems 
that would provide the basis for estimating repairable item p1pelines. 

Using available data, develop, evaluate, and implement an availability 
optimization model for aircraft replenishment spart's requirements 
computations. 

Based on evaluaticn of the reSlllts of these t.&.rst steps, t.he Army should 

develop a strategy for expanding its application of availability models to 

other kinds of weapon systems. Clearly, the next steps include the design and 

implementation of a data collection system to suppor·t spares requirements 

computations. 
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4. NAVY 

In this chapter, ~o~e describe briefly the Nzvy' s current initial pro-

visioning and replenishment requirements comp~tational methods. we also 

briefly describe the Navy's organization, inventory management systems, and 

its ability to achieve specific weapon-system availability objectives using 

curr~nt requirements computational methods. A weapon system is defin~d 1n the 

Navy supply system as a major subsystem on a ship (such as tbe power system), 

an end item (such as a helicopter), or an equipment system (such as test 

equipment to support electronics). The Navy also categorizes end items (such 

as ships, submarines and aircraft) as fighting units. Heasures of operational 

readiness, as reported to the fleet commander level and above, relate to the 

readiness of a fighting unit. In this chapter, we equate a fighting unit to 

the term weapon system. Although spares requirements COiaY ultimately be 

computed at the subsystem level, we believe that a natural level of aggrega-

tion for a planner is a fighting unit. The planner thinks of >'! fighting 

• 
unit's capability in combat, not of the availability of various subsystems and 

the subsystem's relationships to the fighting unit's availability. 

The Chief of Naval Materiel, under the Chief of l'iaval: Operations (CNO) 

has overall responsibility for policies and principles governiug materiel 

support in the Navy. Approximately 97 percent of the item~ managed by the 

Naval Materiel Cormnand are managed by t\o'O agencies, the Ships Parts Control 

Center (SPCC) and the Aviation Supply Office (ASO). Unique items that are 

unstable in design or otherwise warrant special management. are managed by a 

hardware systems command. we will describe computational methods for both 

initial provisioning and replenishment requirements f,or tne two major 

inventory management agencies separately, though there are ~imilaritics. with 
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the exception of current limited use of the Availability Centered Inventory 

Model {ACI~) and the Initial Outfitting List (IOL), ~eapon-system availability 

is not explicitly considered in these computational methods. The use of the 

ACIH will be discussed separately. 

SHIPS PARTS CONTROL CENTER 

SPCC is res pons ib le for convent ion a l ammunition; shi.pboa rd, base and 

ordnance equipments and repair parts; and electronic equipments aGd repair 

parts. General Services Administration (GSA), other Services and the four 

Defense Logistics Agency's inventory control points provide the majority (75 

to 85 percent) of equipment piece-parts. SPCC monitors an~, in some cases, 

controls material issues to the fleets. The actual material flows from stock 

points such as U.S. Savy Supply Centers (wholesale level), supply depots 

overseas (intermediate level), or fleet stores ships (intermed1ate level). 
~ 

The items managed by SPCC are usually divided into t\.'O categories: 

consumables and repairables. Of the total ~68,000 line items carried in 

SPCC's inventory, approximately i9 percent are consumables and the rerr.aiaing 

Zl percent are repairables. The wholesale inventory investmtnt \n consumables 

is approximately $676 million, while the investment in repairables is 52 

billion. The requirements determination method for these two categories of 

items are similar, though thP.re is more intens~ managenent for the higher cost 

repairable items. 

Three major automated procedure:; are involved in computing \.'holesale 

requirements. These procedures are based on data from a system of daily 

Transaction Item Reports (TIRs). The TIRs are received either from SPCC's 

stock points (approximately 45 activities) or directly from customers. The 

first procedure determines a reorder level and eccnomic order quantity for 

each item based on production leadtime, risk, safety levels, holding costs, 
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price, and other variables. Once the levels (range and depth) are set, a 

second procedure, the Cyclic Levels and Forecasts Program, uses actual demand 

information (from TIRs) to recompute requiremer.ts. Leadtime!> and turnaround 

times observed in the past two years arc used to forecast requirements. As a 

general rule, single exponential smoothing is used for forecasting demand and 

usage rates, leadtimes and turnaround times, and carcass return and survival 

rates. Normally, levels are computed quarterly for the .,.holesale level and 

are allocated to the wholesale stock points. New J evels are stored in the 

Master Data File. The third program, the Supply Demand Review, monitors the 

status of every item, computes net deficiencies/excesses, and automatically 

signals a recoiiUDended buy .,.hen the reorder level bas been reached. It also 

makes disposal or redistribution recommendations. For repairable items, a 

similar program (Repairables ~lanageu1ent) additionally produces repair, 

referral order, and redistribution recommendations for assets reported "Not 

Ready for Issue". 

The preceding procedures constitute the wholesale computations. The 

intermediate level of supply in the Navy has been established recently. For 

these activities, the inventory control point (ICP) computes stockage require­

ments based on actual demauds (from TIRs) whenever possible. Consumer-level 

requirements computations and initial provisioning methodology are described 

below. 

Initial Provisior.ing at SPCC 

During the initial provisioning process each item is examined and 

various characteristics, such as anticipated demand, are attributed to it. 

For items on a new weapon system that are common to one or more otb_er applica­

tions, the additional component of demand due to the new applic2rion is 

supposed to be identified and added to other observed demands. ;.. Variable 



Threshold Hodel or DODI 4140.42 computation (called .42) is used. The pro-

cedure is as follows: 

- .All items go through a .1~2 calculation aad a budget is set by 
cogn:i.zance symbol (COG) that ideotifles the activity with the 
ultimate responsibility for supolying the item. 

Budget requirements for all non-demand based items are subtracted 
from this budget. 

Each item managed by a COG f"" rankec by (1-e-DDL)/Cost, where 
DDL = demand during leadtime. 

The depth is calculated for the highest ranking item and the cost 
of this quantity is subtracted fro:r; the btJdget.. If sufficient 
funds are available, the next item is calculated. (Depth equals 
leadtime requirement plus safety level plus depot repair cycle 
when applicable.) 

Depth is constrained to be no more than one years' worth of demand for items 

with high annual dollar value of demand and no more than a procurement 

variable plus three months' attrition demand for items with low annual dollar 

value of demand. 

This procedure is complicated by timing problems during initial pro-

visioning. Requirements calculations may be made before data are available on 

all components. This may lead to unrealistically l01• demand estimates for 

some items. 

As mentioned before, these calculations do not take weapon-system 

readiness intb account. However, the ACIM, described later, is being used on 

a limited basis during initial provisioning, subject to the .42 budgeting con-

straint. As the Navy is using ACUl, the rrw:nber of items n~c0mmended for the 

consumer level is the larger of the number of items calculated by the ACIH and 

the normal consumer model (for instance, NaVy Variable Threshold Model). The 

result is that no availability-vs.-cost relationship is used by SPCC during 

1Note that this implies that higher cost items have a lower ranking and 
high DDL items have a higher ranking. 
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initial provisioning, nor is any attempt made to maximize availability for a 

specified budget. 

Allowance Lists 

The Consolidated Shipboard Allowance List (COSAL) and the Consoli-

dated Shore-Based Allowance List (COSBAL) are lists of items authorized for 

inventory on a ship or at a shore facility. For weapon-system related spares 

(consumables and repairables), the items on the CGSAL/COSBAL are generally all 

that are authorized fo~ the ship/facility. Especially for ships, the COSAL is 

constrained by the lack of storage space on the ships for spares. A new COSAJ, 

is designed for a ship before commissioning and again at each overhaul, 

approximately every four }ears. (Once a COSAL is established, it rP.mains 

unchanged until the next COSAL, unless 1) equipment is mc.dified, added or 

deleted on a ship, or 2) a major difficulty in item failures arises.) .. , 
A COSAL is determined in two steps. First, the item is a candidate 

for stockage if it is installed on the ship and maintenance personnel are 

permit ted to replace it. Next, the allowance of that item is determined as 

follows: 2 the Best Replacement Factor (BRF) multiplied by the number of 

installations of the item, gives the item's storeroom demand parameter. Fleet 

Logistics Support Im~rovement Program (FLSIP) criteria are then followed to 

determine how l'lany i terns ar~ authorized on the COSAL. In FLSIP, when tbc 

demand is less than 0.25, the iteni is generally not allo•,.,ed on the COSAL. If 

the demand parameter is at least 0.25 but less than 4.0, one item is allowed 

if it is an "insurance" item vital to its parent function or mission <1rea; 

othenoise, the item is not allowed. Approximately 90 percent of items that 

are candidates for stockage are vital or "insurance" items, and the stcckage 

2Annual demand for an item divided by the number of active installations 
of the item, combined (by exponential smoothing) with prior year's BRF, or, 
for new items, an engineering estimate. 
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detisio~ is to sto~k one item. If the dem~nd pa~aroeter (for any candidate for 

stockage) is greater tban or equal to 4.0, two or mc1~ items are allowed based 

on a 90 percent level of protection during a 90-day period and a Poisson or 

normal approximation to a Poisson distribution of demands. 

There ace exceptions to these stocl:age criteria. Mission-

criticality-oriented-COSAL (HCO-COSAL) is being used for new ships, starting 

with the third flight of the FfG-7 class of ships. All i!:ems on the ship are 

categorized by their maintenance (mission) criticality and, fnr the estab-

lished budget, protection is variable, based on demand fac-tors, cost and 

essentiality (criticality). MCO-COSA.L is similar to the COSAL criteria used 

for the TRIDENT. 

Another initiative is called Modified Fleet Logistics Support 

Improvement hogram (MOD-FLSIP). HOD-FLSIP is based on a Center for Naval 

An.:1lysis study which found that changing the criteria for stocking low-demand 

items vital to a ship's primary mission caused a significant decrease in 

supply-induced degradation. The criteria were changed from stocking one item 

if the expected demand is one every four years (demand parameter 0.25) to 

stocking one item if the expected demand is ooe every ten years (for items 

coded as vital to the primary mission) and stocking two items if the expected 

demand is between two and four each year. HOD-FLSIP obviously allows stocks 

for more items (for about 40 percent of the items on a COSPJ.) and costs more 

than FLSIP stockage criteria, so its immediate use is limited by budget con-

straints. In FY83 MOD-FLSIP will replace the current FLSIP. The budget for 

FYB3 reflects this change. MOD-FLSIP and HCO-COSAL currently a!:'e used in 

computing requirements for about 10 percent of the Navy's ~o•eapon sys terns. No 

attempt is made to relate spares requirements to weapon-system availability 

with these criteria. The impediments to developing such a relationship are 

discussed at the end of this chapter. 
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AVAILABILITY CENTEJ~D IYVENTORY MODEL 

In March 1981 the Availability C<::nt,;rcd Inventory Model (ACil'!) was 

approved by C:-JO for use by the Navy. It is being used, when approved for a 

selected system, to create a consumer-level stockage quantity, usually for 

those new weapon sub-systems that have a high percentage of electronics 

equipment. The ACit1 c1\lculates operational availability, defined as Mean Time 

Between Failure -:- (11ean Time Between Failure + Mean Time t.o Repair + Mean 

Supply Response Time). 

The model assumes the following: 

One-for-one ordering. 

Continuing resupply opportunity. 

No lateral resupply. 

Palm's Theorem satisfied; that is, demands arrive according to a 
Poisson process, and repair times have an arbitrary distribution with 
a finite mean independent of the demand process. 

Although ACIM models a multi-echelc:l system, the Navy currently uses it 

only for consumer-level requirements cal..::ulations. Common items. are accounted 

for by manual interv~ntion. Any mix of consumables and repairables is 

allowed, but in practice the "important" items of the weapon system are 

selected for analysis by ACIM. This selection process prevents a low-cost 

consumable item from dominating the calculation. The mode1 also requires the 

equipment configuration, including multi-indenture aspects of equipment. ACIM 

perfornJS a marginal analysis that iteratively seltcts the item that gives the 

greatest increase in operational availability for the least cost, thus 

building stock levels for all items until the operational availability goal or 

budget constraint is reached. 

ACIH requires 38 data elements for each item. These in.cl.ude the item'::; 

next higher assembly, mean time to repair, failure rate, unit price, best 
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replacement factor, population, maintenance policy, order-and-ship time, 

availability/investment target, and other variables. All of these data ele­

ments exist, at:. least to some degree, for all items managed by the Navy. 

The major concern with using the ACI:1 is the validity of the data ele­

ments used by the model. In particular, data relating to the configuration of 

weapon systems in the Navy are not current, limiting the use of ACI~ to 

initial provisioning. The data proble;n will be discussed later in this 

chapter. However, theoretically, all the data required to run AClh are 

available in existing SPCC and ASO files. 

AVIATION SCPPLY OFFICE 

The Aviation Supply Office (ASO) is responsible primarily for inventory 

management of seconda:y items for assigned weapon systems and equipment relat­

ing to the operating aircraft of the Navy and Marine Corps. ASO monitors and, 

in some cases, controls material issues to consuming activ1ties. Material' 

flows from stock points such as :-l'aval Air Stati' ns, Naval Supply Centers/ 

Depots and ~arine Corps Air Stations. GSA, other Services, the Defense 

Logistics Agency and other Navy Inventory Contrcl Points provide approximately 

93 percent of items related to aircraft support for the Na\~ and Marine Corps. 

The items managed by ASO are divided into two categories, the repairables 

subject to scheduled overhaul and the expense items (generally consumable 

items). Table 4-1 shows the number of items and inventory investm~nt levels 

for these two categories. 

As at SPCC, the wholesale requirements determination is based on TIRs 

received from stock points or directly from customers. A Levels Setting 

Program, a Cyclic Levels and Forecasts Program and a Supply Demand Review 

Program interact with the Master Data File and generate on a quarterly basis 

order quantities and redistribution/disposal recoQIDendations. ASO also uses a 

Repairable Management program. 
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TABLE 4-1. ASO INVE~TORY AS OF SEPTEMBER !980 ----

Supply 
Number System 

of Items* Percent ~nventory* Percent 

Repairables 54,600 19 $3,627 !1 78 

.J,..,"'* 
Consumables 230,000 81 $1,046 H 22 

Total 284,600 100 $4,673 M 100 

* Excludes some 10,000 items of GSE and War Consumable supply 
system stocks plus in-use and installs, worth approximately $3.1 
billion. 

** Approximately 40 percent of these items have a demand of less 
than one per quarter. 

There are some differences between pr0cessing at ASO and at SPCC. First, 

at ASO far more than at SPCC, individual items are classified into intt:>r-

related groups of item families, based on interchangeability, substitutability 

a:td modification (IS&l'l) data on the items. The IS&H datz are added to the 

Master Data File and are used in computing requirement purchases. Secondly, 

"program data" are used by ASO. Program data provide a measure of ~o·eapon 

system activity that is directly correlated with item demand rates; thus, 

program data can be a basis for measuring past demand and forecasting future 

demand. Program data are usually in terms of flying hours per aircraft per 

month for aviation items. Hours of use or some other measure may be used for 

ground support equipment, bomb racks, and other items whose failures are not 

necessarily related to flying hours. 

Aviation Consolidated Allowance List 

An Aviation Consolidated Allowance List (AVCAI.) is developed in a 

manner similar to the COSAL/COSBAL. It lists the components, repair parts 
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and rousumable items required to support aircraft assigned to a carrier or air 

station. The allowance quantitie'i are designed to provide .attrition support 

for repair parts and repairables used at the consumer and intermediate levels 

of maintt:nance. Allowances for repairables also include a repair cycle 

quantity, Iu no!l!lal circumstances, a carrier's A\'CAt is mand.atory as to range 

and de?th of material carried, except for possiLle upward adjustments based on 

local demand rates. 'The AVCAL is updated at intervals r-annging from nic.e to 

twenty-four months. 

Initial Provisioning for ASO 

ASO uses an Initial Outfitting I.ist (IOL) progr.:om de\·doped by 

General Dynamics to determine consumer-level initial provisioning require-

ments. The mathematics of the model are similar to the ll1athematics in the .... 
ACitl, although the automated implementation is different. Currently, the IOL 

progr3m is very sensitive to data errors. ~issing data can cause the program 

to stop calculating requirements, resulting w data errors being discovered 

on. at a time. Nevertheless, use of this reodel does represent an attempt to 

pr~vision by weapon system to meet an aircraft availabi)ity goal. As at SPCC, 

provisioning requirements may be calculated on part of tbe system ~efore all 

component-level data are available. 

At the wholesale level ASG uses a mechanized system (program) to 

compute a budget target in accordan~e with DODI 4140.42 range and depth rules. 

A s·~cond program is then used to develop the wholesale stockage requirement 

conforming to the budget target but optimizing range <~•<d Jepth to minimize 

units short. This second program incorporates a vari~b1e safety level rather 

than the three-month safety level of the first program. Manual computations 

may also be made which provide support for leadtime attrition and repair-cycle 

requirements. 
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OPTI~IIL..-\TION ACROSS Cm!MODITIE~ 

:\t the consumer level, COSAL, COSBAL and r\\'CAL items are selected accord-

ing to their exp~cted demand, m<tinLenance plan, and other criteria. Both 

consumables and repairables are iPcluded. Thus, a l the cons wne r level, a 

ship, air squadron or shore facility is being supplied, regardless of com­

mo.•.ty class. The budgeting and dlocation of funds are different r.1atters. 

The Appropriation Purchases Account (APA), used to purch3:se investment items, 

is not budgeted by Naval Supply Systems Corrunand (NAVSUP), l•ut by \aval S~a 

Systems Command, Naval .-\ir Systems Command, or the Strategic Systems Projects 

Office. Ho*ever, appropriated APA procurement funds are normally obligated at 

the ICP level. ~!aterial is procured centrally and distributed as discussed 

previously in this chapter. NAVSUP budgets for the Navy Stock Fund (~/SF) and 

suballocates obligational authority to ~av~ ICPs and Navy Retail Offices. NSF 

may be used to procure consumab~e items or repair depot level repairable 

items. Thus, although the required items are allocated without regard to the 

commodity class, the funds to procure/repair the mix of items needed may Hot 

be available due to the allocation and control of funds. At the 1.:holesale 

level, :\SO divides inventory into ''repairables" (usually funded by APA) and 

"consumables" (usually funded by ~SF). Like SPCC, ASO is moving toward reduc­

tions in the number of APA-funded items since they are "free" to the customer. 

SPCC now provides budget displays by some 80 mission categories ~o:hich 

relate to Navy systems. Supply performcnce will also be tracked by these 

categories in the near future. SPCC manages funds using these mission­

oriented budget displays, but has no visibility of consumables below the 

intermediate level. ASO allocates funds by aircraft type. Once the funds 

have been assigned to the aircraft type, items are purchased to minimize 

expected backorders for those aircraft. 
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ORGANIZATION 

Both SPCC and ASO have a matrix approach t.o m.:lllaging inventory. Weapon 

systems, as they are brought into the inventory, arc assigned to a weapon­

system manager. The weapon sub-system responsibility assignment is by local 

routing codes (LRCs). A person or group of persoas b<ts an LRC that identifies 

a mission category \o.'hich relates to a weapon system. For instance, an LRC may 

be responsible for submarine sonars or carrier power sy5 terns. There is a 

separate LRC for common items. 

Since we define a weapon system as a ship or an airot:raft, the current 

SPCC organization is not weapon-system oriented. A conce~L such as Platform 

Management, which centralizes the responsibility for supply and logistics 

support for an entire new construction ship or class of ships, could, however, 

be extended to provide weapon-system management. 

IMPEDIMENTS 

Part of the impediment to relating spares requirements to weapon-system 

readiness is due to definition. For a ship's captain, readiness is measured, 

roughly, by looking at the Casualty Report (CASREPT) for the ship. All the 

equipment on the ship is considered on the CASREPT; yet. the current SPCC 

definition of a weapon system looks at each type of equipment separately. 

Unless the sdpply definition and organizztion match a logical ship readiness 

concept, there will continue to be areas of disconnect in efficiently support­

ing the Navy's operations. 

Aircraft readi-ness is measured by the Subsystem Capability Inventory 

Report (SCIR). The SCIR relates subsystems (such as radar, landing gear) to 

mission capability (such as reconnaissance) and designat.es mission capable, 

not mission capable, and partial miss ion capable categories. Again, this 

measurement of availability focuses on subsystems rather than on the ·weapon 

system. 
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The current tools for calculating :equirements do not take weapon-system 

readiness into account. However, the ~avy is trying to address this 

defi:iency by assigning essentiality codes. Items are being coded as 

essential to the mission of a weapon system and as essential to a next 

higher assembly. Items with higher essentiality codes will be supported to a 

greater degree than less essential items. we believe that this approach is 

only one step in reso}.ving the weapon-system readiness issue. In a model, 

such as the ACIM, tradeoffs can be made to maximize availability fo~ a given 

budget. The use of an availability model, coupled with essentiality codes 

~o~ould give the Navy an excellent opportunity to optimize its support of its 

end items. How~ver, some impediments exist for the Navy in using an 

availability model. 
loP 

A major problem the Navy has is in keeping its data accurate. Data bases 

become inaccurate at several times during the life of a weapon system. The 

configuration 'Jf a new weapon system is provided to the ICP. After initial 

provisioning decisions have been made, the configuration (application) data 

are not kept ~urrent in two respects. In the first place, not all engineering 

design changes are accurately reflected in the configuration file. Part of 

the reason for this is the staggered change of configurations once a ~o~eapon 

system is deployed, especially for shipboard systems. In the second place, if 

the ICP is not the COG for a piece part (item), that item may not be included 

in the configuration file. Since many of the ~avy's items are managed by DLA, 

this presents a problem. Furthermore, i terns may never be put into the con-

figuration file because they are commercial (general-use consumable) items. 

Some 25 to 30 percent of de!llanded items are not shown in the configuration 

file. 
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without accurate configuration data, the levels-of-indenture that dVail-

ability models require cannot be derived. The accuracy of other data, such as 

failure rates and repair times, is also important, both in availability models 

and the meth0ds currently being used. Any requiremeGts method could be 

improved by use of more accurate data. 

The final impediment for the use of availability models in the Navy is 

the limited shipboard storage facilities, which adds another dimension to the 

problem of computing the optimal mix of spares. 

None of the impediments are impossible to overcome. As mentioned pre-

viously, the ~avy collects data on all components (at leas~ at the wholesale 

level) that support the use of an availability model. Tab]e 4-2 summarizes 

the impediments. 

CONCLUSIONS 

We conclude that the Navy needs to take the following ac~ions before the 

link between requirements and weapon-system availability can be completed: 

For purposes of managing the inventory system to achieve weapon-system 
availability objectives define a weapon system as a ship, aircraft, or 
other major end item and specify availability objectives for those 
fighting units rather than their subsystems. 

Intensify efforts to insure data accuracy of the mas~er data and con­
figuration files. 

Expand use of availability models by applying ~hem first to the total, 
multi-echelon requirements computational problem for aircraft, i.e., 
to stock-level computations for organizational, intermediate, and 
wholesale echelons. 

As a next step, implement availability models for computation of ship 
spares requirements at all echelons. 
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TABLE 4-2. CAPABILITY FOR USE OF :\VAILAEILITI' HODELS IN 
SPARES COHPUTATIONS--0f-:iAVY SCPPITI-fSTEMS 

Organization 
a Budgeting by Weapon System 

Data Availability 

Data Accuracy 

Implementation Statusb 

Measure of Weapon-System 
Availability/Unavailabilityc 

Available/ 
~icable Limited 

.J 

.J 

Not Available/ 
Difficult 

a Used at SPCC and ASO to manage at whole:;ale level, but not translated 7.ato 
overall Navy budget process. 

bLimit~d to initial provisionieg and to selected subsystems of a weapon 
bystem, but existing model could be used more extensively. 

cThe CASREPT and SCIR both have limitations. 
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~- DEFL~SE LOGISTICS AGE~CY 

The Defense Logistics Agency (DLA) is responsible for procuring and 

managing items that are broadly termed ''consumable items.... DLA' s management 

responsibility includes items in most Federal Stock Classes except explosive 

ordnance, major end items of equipment, and repairable items. Thi3 includes 

food, clothing, fue!, medical supplies, and l•ia:Jy secondary-item spare and 

repair parts. In this chapter, we are interested in DLA's management of 

secondary-item spare and repair parts and the iurpediment:s to rela~in~ the 

requirements computations for these i terns to l.Jeapon- sys.:tem availability. 

There are some 3.91 million active items managed by DoD and ~Lout 1.97 million 

items are spare and repair parts. About 1.3 milli.on of these items ,r,.re 

peculiar to one Service. Table 5-l shows the distribution c;,f 'CLA items among 

the four DLA Defense Supply Centers (DSCs)--Construct.ion, Electronics, 

General, and Industrial--that manage the majority oi wea;pon-systern-related 

items. DLA generally manages items without regard to their end-item applica­

tions except for items in the Weapon System Support Program {WSSP). A Service 

may identify an item as a component of a selected weapon sys~em. This results 

in assigning higher support for that item. Approximately 240,000 items are in 

the WSSP. At the Defense Industrial Supply Center, 95,300 of the 616,700 

items ( 15 percent) are coded as weapon-system components; of these, 38,600 

(six percent) are conmon to two or more weapon systems. 

INITIAL PROVISIONING AT DLA 

The Services determine the range and depth (quantity) of i terns required 

below the wholesale level for DLA-supported items during the initial 

provisioning requirements calculations for new weapon systems. The Servi.ces 



TABLE 5-l. SUl111ARY OF ITEMS AS OF SEPTE!1B[R l'ilt1 .M _________ 

Number of Items ( 00:'®) 
DCSC DESC DGSC nnsc TOTAL 

Stocked Items 139.1 288.6 86.3 38J.6 897.6 
Non-Stocked Items 125.8 170.3 83.7 10:'0!.8 480.5 
Non-Stocked, Semiactive 24.7 56.1 14.9 3j_i; 129.5 
Stocked, Insurance/NSO 31.9 255.5 26.6 98.6 412.6 

Total Managed 321.5 770.6 211.5 6r~. 7 1 '920. 2 

provide DLA with the requirements for items as well as est mates of demand, 

maintenance concept, l.eadtimes, and other data. DLA provi<ies the support for 

th~ Service-specified requirement and uses the estimates of demand, etc. until 

actual demand data are available. These initial estimates are modified as 

actual demands are received. If no demands are recorded d~:~ring the demand 

development period (DDP), the estimated demand is maintained for an additional 

two-year period; then, the demand for replenishment purposes is set to zero. 

The replenishment requirement calculations, used after the DDP, are described 

below. 

Some recent initial provisioning conferences have included DLA personnel. 

DLA participation in initial provisioning allo\o'S better planning on DLA' s part 

for either anticipating demand increases for existing items or negotiating 

timely delivery of new i)r non-stocked items. 

REPLENISHMENT REQUIREMENTS 

DLA computes wholesale requiren:ents based on standard tliLSTRIP requisi-

tions from users world-wide and on for~casts of nonrecurr.lng requirem~nts. 

DLA captures the following data: demand quantity, demanrl frequency, the 

national item identification nwnber (NIIN), the customer's service code, a 

routing identification code, and a customer zone code_ Leadtimes are 

computed weekly for items for which procurement contracts haPe been awarded or 
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deliveries made. Administrative leadtimc is recomputed ~hen an aw~rd is made 

and production leadtime is recomput~d once the first significant increment of 

material is delivered. These are processed weekly and maintained as 

exponentially smoothed averages. 

All replenishment demand items are forecast quarterly (though they can be 

forecast monthly). A double-smootheJ forecast for each item is calculated. 

The Quarterly Forecast of Demand, with double smoothing, models upward or 

downward trend in demand. 

Nonrecurring requirements are only partially used in modifying the demanu 

calculation; Special Program Requirements and direct FoTeign Military Sales 

are added to the requirements after double exponential smoothing and do not 

influence the historical demand pattern. DLA has a provision for the use of 

program change factors provided by the Services. In practice, program data 

are not yet in use, and DLA depends on historical demands to predict future 

demands. Dependence on historical data is a problem because it may result in 

lack of responsiveness to sudden changes in demand that may be induced by new 

weapon systems in the active inventory, phaseout of existing ~eapon systems, 

or major overhauls of a class of weapon systems. DL\ and the Services are 

working together to avoid "suprises" in the demand pattern and the supply 

time. 

IMPEDH1ENTS 

The inventory managed by. DLA, unlike that of the Services, presents a 

number of impediments to relating requirements computations to weapon-systems 

availability. A large proportion Of items managed by DLA are common to more 

than one application. Thus, assigning weapon-system codes to these items in 

the same way the Services do for repairables would oiten require multiple 

codes per item and prorating estimated demand or partitioning actual demand 
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among all applicable weapon systems. Furthermore, the Service-designated 

level of support for the .... eapon system would have to be considered in the 

calculations. Currently, requisitions do not identify weapon systems and, 

especially for stock replenishment of common items, it doesn't seem feasible 

to require weapon system identification on requisitions. 

As mentioned previously, DLA manages by commodities, not weapon systems. 

were DLA to manage by •..;eapon system, it would mean migrating toward a new 

organization, either a matrix organization where both col1llllodities and weapon 

systems are monitored or to a weapon-system-oriented organization. Table 5-2 

sunwarizes the impediments for DIA. 

TABLE 5-2. CAPABILITY FOR USE OF AVAILABILITY MODf.LS IN 
SPARES COMPUTATIONS IN DLA SUPPLY SYSTE:1S 

Organization 

Budgeting by Weapon System 

Data Availabilitya 

Data Accuracy 

Implementation Status 

Measure of Weapon-System 
Availability/Unavailability 

Available/ 
Applicable Limited 

Not Available/ 
Difficult :,:, 

.j 

.j 

.j 

.j 

3 The data that are available do not necessarily provide visibility to the 
retail level. Configuration data are also not gener~lly available. 

ADDITIONAL COMMENTS 

DLA and the Services are beginning to evaluate additional line items for 

possible transfer to DLA for supply management. DLA may become responsible 

for all stable, non-nuclear items. This would mean management of an addi-

ti~Jnal 1.5 million items for DLA, and would crop the numbet· of items managed 

by the Services to some 400,000 items. The Services combined would then 

' !. 
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manage only about 10 percent of all DoD-manap.ed ite--s and \o/ould become even 

more dependent on DL\ for support. This would. make end-item availability even 

more difficult to relate to spares investments. 

A COL~SE Of ACTION 

The problem of computing requirements for DL\-managed items \.lith an 

availability model is essentially the same as the Air Force's problem of 

dealing with consumables, but its Herculean dimensions make \t more difficult. 

There are two reasonable approaches to the problem. One involves the creation 

and maintenance of accurate, detailed application data on all items that are 

used on weapon systems or E:nd items and for which availability objectives 

would be specified. Those application data could support availabil1ty compu-

tations. Again, there would be a need to account explicitly for con@on items, 

and, in DLA' s case, the extent of the corrunonality problem is more severe than 

in any of the Military Departments. 

The second approach, as in the Air Force's consumables case, is to 

develop an estimating relationship that would not depend on detailed, line-

item-level data. It seems f~asible to develop a mathematical model or collec-

tion of models that coulr:l estimate the loss of weapon-system or end-itei:J 

availabil'..ty induced by shortages of DLA-managed items on the basis of some 

set of system-level characteristics, fill rate, and investme.r.t level (i.e., 

leve 1 of inventory capitalization). 

Both approaches could be explored and the final choice made on the basis 

of the cost of creating and maintaining accurate, d~tailed application data oo 

all the line items of interest and the relative worth of an availability model 

that det~ends on such data compared with a simpler, system-level availabili_ty 

estimating relationship. 
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'CONCLUSIONS 

we believe that DLA should undertake the follo~ing tasks so that a spares 

requirements/~eapon-system availability link may be established: 

/ 

Assess the cost of creating and maintaining accurate, detailed appli­
cation data on all line items applicable to ~eapou systems or end 
items for ~hich availability ocjectives would be specified. 

Develop a mathematical estimating relationship that ~ould estimate 
availability loss induced by shortages of DLA-rnanaged items as a 
function of inventory capitalization and system-level parameters. 
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6. A .. "i I!1PLEHENTATIG~ STRATEGY 

The logistics systems of the 11ilitary Departments have evolved over a 

long period of time, with their major growth and development occurring during 

world War II. Each of th~m has a line-item-oriented organiz.ational structure, 

despite the existence of system management roles. In large part, item 

managers throughout the DoD make the day-to-day operating decisions ancl, 

therefore, influence •spares stockage postures in important -ways. Despite the 

wealth of experience that resides in these item managers, their judgments are 

shaped not only by the intuition they develop from ~h.eir experience, but also 

by their la~k of vis~bility of the rest of the logistics S?stem. This intui-

tion is an important factor that must be considered if aveilab1lity models are 

to be implemented ~uccessfully, because an availability m<odel will compi.'Pte 

st..ockage postures that are very different from those that.. result from the 

line-item-o~iented ~ethods traditionally used by item mana~ers. For example, 

an availability model will compute greater requiremen~s for relatively 

inexpensive items than for expensive ones, and greater req~irem~nts fer itrms 

that are applic:ible to more complex weapon system;; (i.e., those with larger 

nwnbers of components) than for items that apply to less complex weapon 

systems. As a result of these differf'nces, if an item manager were to corrunent 

on the stock levels computed by ~n availability model on the individual 1tems 

he manages, he would very likely express dissatisfaction t,.;ith them because 

they would be, for him, counter-intuitive. An availabibty model takes a 

system view, not a line-item view. For any specified level of investment pr 

set of availability objectives, it will trade off stock levels among li!J.e 

items to compute the most cost-effective mix of stock levels among items and 
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across all echelons of the logistics system, giving ~1· -t few, very expensive 

items in favor of relatively generous a:r.ou::~ts of i"\.l!:•Y. less expensive ones. 

Thus, the item manager who manages inexpe:1sive ccnsll.ffi<!!:ll;E>s may sense that the 

availability model's results are about to bury him in Tluts and bolts, so to 

speak, while the person who manages very t'Xpensive' inertial navigation units 

is likely to complain vociferously about the modt:l' s inadequate levels that 

make it impossible for him to carry out his support responsibilities. The 

worth of an availability model cannot be judgfd on the basis of its 

recommended stock levels of individual line items; it must be judged on the 

basis of the performance of the logistics system as an integrated whole. 

We make these observations because we believe that they are fundamentally 

important, in fact, crucial to the success of any attempt to implement the use 

of availability models for spares requirements computation~. If item managers 

and others throughout the system are asked t~ implement and operate a 

technique they <!on't understand, no implementati<Jn strategy, however well 

conceived, will be able to overcome the entrenched resistance that will surely 

develop. It is -vital, therefore, that an effectivt" education:ll program be 

devised within each of the Nilitary Departments and DLA. 

A ROADHAP 

The Air Force is well ahead of the other Services because of its 

experience with the VSL algorithm and its sponsorship and use of 'the Aircraft 

Availability Hodel. The Air Force has the data to support requiremE : compu­

tations .by an availability model and some exrerience with the problems of 

implementing requirements computatio~al methods that yield results that may be 

counter-intuitive to item managers. Furthermore, a solution tc• the problem in 

the Air Force system of balancing investments among recoverables, engines, and 

consumables is likely to suggest the solution to balan~ing spares investments 
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among various resource classes in the ether :iilitary Departments, and among 

·the Military Departments and DLA. The Air Force plans to run the Aircraft 

Availability ~lodel and 0041 in p,nallel on the saC!le data base to evaluate the 

differences in stockage postures that result. OSD personnel should partici-

pate active] y in that evaluation. As J. next step, tbe Air Force should be 

asked to repeat ~he evaluation on a data base containing engines and engine 

modules. The Air Force should also estimate the cost of creating and main-

taining detailed, line-item data, especially application data, on consumable 

items that are applicable to weapon systems or other end ite:ns for which 

availability objectives would be specified. The detailed ingredients of that 

estimate should, of course, be shared ~oo·ith all interested agencies. Recom­
• 

mendations should also be developed on the problem related t0 balancing 

investments between recoverables and consumables. This task would reqaire the 

cost estimate just mentioned, and would also involve the evaluation of the two 

alternative strategies described in Chapter 2, i.e, the development of an 

availability-vs. -cost estimating relationship that would not depend on line-

item-level data, and a method for modeling the Air Force's multi-echelon EOQ 

system for consumable item management. 

The Air Force should also determine how changes could be made to the 

Standard Base Supply System so that it would compute stock levels that would 

be consisteut 1.1ith weapon-system availability objectives or, alternatively, 

decide how to implement centrally computed stock levels. A logical future 

step for the Air Force would be the addition of end-items other than aircraft, 

e.g., ground radars and missiles, in the availability model's coraputations. 

OSD should task the Army to design and implement a credible asset 

reporting system that ~oo·ould give the NICP ac-1uate visibility of at least 

repairable assets. The Army also needs to de\'ise a maintenance reporting 
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system to support accurate estimates of component removal rates, repair rates, 

condemnation rates, and other pipeline ingredients. The design of the mainte­

nance reporting system, whether intended to collect information on all com­

~onent removals, repairs, and condemnations of interest or only sample data, 

should be based on a cost-effectiveness analysis of reasonable alternatives. 

The Army should begin to move toward the use of availability models for 

spares requirements computations on aircraft first by developing and validat­

ing a model and evaluating its performance in actual use. In the process of 

implementation, the operational issues and rroblems associated with the use of 

availabil:ty models will need to be addressed, thus providing the experience 

needed for expanded application to ether kinds of weapon systems later. 

We recowmend that the Navy, for purposes of managing its inventory system 

to achieve weapon-system availability objectives, defifre a weapon system to be 

a fighting unit such as a ship, aircraft, or other major end item, and specify 

availability objectives for those fighting units rather than their subsystems. 

To move toward implementation of availability models for spares requirements 

computations, we recommend that the Navy apply them first to the totrtl, multi­

echelon requirements computational problem for aircraft, i.e., to computati·on 

of stock levels for organizational, intermediate, and wholesale echelons. As 

a next step, extend the application to ship spares requirements at all 

echelons. To support these applications adequately, the Navy should intensify 

its efforts to provide accurate data on component characteristics and end-item 

configuration. 

We recommend that DLA be tasked to estimate the cost of acquiring and 

maintaining detailed application data at the line-item level on DLA-rnanaged 

items that are applicable to weapon systems and end items for which avail­

ability objectives would be specified. OSD personnel should participate in 

this analysis. 
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TECHNICAL ISSUES 

In addition to the strategic issues of implementation discussect here, 

there are several technical problems that should be addressed. They include 

modeling lateral supply and cannibalization in avJilability models; the addi-

tion of Bayesian logic to availability models; modeling multi-echelon EOQ 

systems; and, perhaps most importantly, formulating the problem of computing 

wa.:--reserve materiel requirements. 

THE INTERDEPARTjENTAL wORKI~G GROUP 

In his letter of 10 March 1982 to the Military Departments and DLA, the 

Principal Deputy Assistant Secretary of Defense (Manpower, Reserve Affairs, 

and Logistics) established a working group "to identify and assess the tasks 

required to bring explicit consideration of end-item readiness to inventory 

management." We recommend that this group undertake t.hc:::e specific tasks: 

Develop a strategy for coordina-ced implementation of multi-echelon 
requirements computational methodology ba~ed on availab:lity 
optimization ~odels throughout the DoD. 

Define the most usefal role for each of the Military Departments and 
DL~ in this effort. 

Reconunend to the ASD(MRA&L) an:• policy changes needr:d to support the 
fundamental change in orientation of DoD requirements computations 
from supp1y performance to military readiness and suslainabili ty. 

Rev~ew and assess the feasibility of proposed improvements in require­
ments computational methods. 
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