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Introduction

Operational Readiness Float (ORP) are end items stocked at Direct Support

Units (DSU's) and issued to using units (ORG's) to replace like end items

evacuated to the DSU for maintenance. By regulation [11,12], the float end

item should not be issued if the evacuated item can be repaired within specified

time limits.

Essential Repair Parts Stockage List (ERPSL) are spares and repair parts

which are stocked at organizations, direct support units, and possibly other

retail echelons to provide a specified degree of end item operational avail-

ability. Operational availability is usually defined as the expected percent

of time an end item is capable of performing its primary mission. Without ERPSL

repair and spare parts are stocked, but not in the same quantity or range.

The interaction between ORF, ERPSL and operational availability is illus-

trated in Figure 1. When an end item fails, its downtime, if the failure is

organization reparable, will depend solely on ORG repair part/spares support. If

the end item is evacuated to the DSU, and conditions are met for float issue,

then downtime will depend directly on whether a float is available, or on how

long it will take to get one. Spare/repair part support at DSU affects opera-

tional availability in several ways: if there is no planned DSU float, the user

must wait until his evacuated item is repaired; if there is planned float, avail-

ability of float for issue will depend on the time to repair evacuated end items

as well as on the number of float; and, finally DSU parts support impacts

spare/repair part availability to the ORG user.

Currently, ERPSL quantities are developed by computer models which deter-

mine the least cost mix of spares/repair parts which are expected to result

in a target level of operational availability. The most commonly used model

is SESAME [6,10]. Neither SESAME nor any of the other ERPSL models used within

the Army allows evacuation of end Item from ORO to DSU; hence, they do not

model float. SESAME assumes that if a spare must be replaced by DSU-level

personnel, a DSU "contact" team can bring the spare to the end item and do the

work at ORG.

ORF is currently computed by multiplying specified factors by supported

densities. While wartime quantities may be bought, only peacetime levels are

aqtually stocked at DSU's. The peacetime quantity factors are keyed to
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availability of float [11,12] when needed rather than directly to end item

availability at the user. Wartime factors are supposed to be keyed to opera-

tional readiness, but the methodology has not been worked out. Repair part

support is accepted as a given.

In this paper we discuss techniques for evaluating the operational

availability which will be achieved from a given mix of ERPSL and float, and

for determining what is the least cost mix to achieve the operational avail-

ability target. These techniques are applied to a missile system, which will

not be identified since the inputs used were estimates, subject to change,

and therefore no longer valid. For the missile system, the error SESAME makes

by ignoring float is computed.

Major limitations of this study should be emphasized. The modelling is

based on stationary, steady state conditions. Briefly, this means inputs

such as densities and average failure rates are not changing over time,

and operational availability reflects what will happen, on average, in such

an environment. Battlefield surges, disruption of supply, loss of equipment

or spares to enemy fire, and so on, are not modelled, nor is the relative

vulnerability and mobility of alternative mixtures of ERPSL and ORF considered.

Finally, it should be noted that many of the systems with operational

readiness float are not authorized ERPSL. For such systems, the techniques

discussed could still be used to determine float quantities, but not to

optimize the mix of end item float and spares/repair parts.

Notation

S - Number of float end items per DSU

MTBF - Mean Time Between (end item) Failures
MTR - Mean Time to Repair
MLDT - Mean Logistics Down Time

W - Average Wait for a float to be available for issue

T - Time to move a float from DSU to ORG

PORG - Probability a failure can be repaired at ORG

ORG,DSU - Used as subscripts; e.g. MTRORG is mean time to repair if repair

is done at ORG

OA - Operation Availability

Ex( ) - Expected value of variable in parenthesis
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MLDT and MTR are defined co be exclusive of each other; MTR assumes the

spares/repair parts needed are available, while MLDT refers only to delays

to repair caused by absence of parts. MTRDSU includes the time to evacuate

. the end item to DSU. HLDT refers only to the wait for a part used at DSU,
and not to delay in satisfying an ORG requisition on the DSU.

Operational availability is defined as the percent of time an end item

is up at ORG. In the event that an end item is evaculated, down time begins

when it fails, and up time resumes when the replacement is received.

Modelling Approaches

Initially we will assume failures are stationary Poisson and successive

down times are independently and identically distributed; all failures which

cannot be fixed at ORG qualify for issue of a float; each failure requires

exactly one spare/repair part to be fixed; there is no special treatment of

NORS requisitions, i.e. requisitions for a part keeping an end item down at

ORG; and there is no cannibalization.

Then

(1) OA(- p Up Time)
Ex(Up Time) + Ex(Down Time)

MTBF
- MTBF + (PORG) (MLDToR + MTRORG) + (l-PORG) (T+W)

Note in equation (1) that expected down time is conditional on whether the

failure can be fixed at ORE, with probability PORG.

In equation (1), MLDToRG depends on the ERPSL quantity, while W depends

directly on the float stock, S, and indirectly on ERPSL via the impact of ERPSL

on MLDTDsU .
In particular, if the MLDT's are given, float availability can be modelled

as a finite source queue (cf Gross and Harris) and W thereby determined. DSU

repairable failures constitute arrivals, and repair constitutes service in

queueing terminology. The queue is finite source if the total DSU repairable

failure rate depends on the number of operating end items, decreasing as end

items go out of service.

While Fox [2] suggested use of the finite source approach for the float

problem, it becomes messy if the ORG repairable failures are considered - these
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do not constitute demand for float, but do affect the total DSU - repairable

failure rate by putting items out of service. Fox did not consider ORG repair.

Gross et al [4] present results for a similar problem suggesting that use of

an infinite source model is a good approximation. Kaplan [5] provides some

sketchy results suggesting that if, in the infinite model, OA is factored into

the total estimated failure rate, results improve:

(2) Yearly demand for float - (OA)(Number of Supported End Items)(l/MTBF)(1-PORG)

If there is an OA target, this is used in equation (2). If a given value

of S is being evaluated, iteration is employed: assume OA is 85%, and using

equation (2) to get the arrival rate, compute W. Use W in equation (1) to

develop a new estimate of OA and iterate. The process was programmed to stop

after 10 iterations, or when successive values of OA differed by less than 0.5%.

The program never took as many as 10 iterations, and the whole process is very

fast.

We have been taking MLDT as given. In the SESAME version which is widely

distributed, the MLDT which is output is

MLDT - (PORG)(MLDTORG) + (I-PORG)(MLDT DSU)

A modification was made to print out MLDTORG and MLDTDSU separately.

Relaxation of Assumptions

It was assumed that a float would be issued whenever one was needed and

was available. However, policy states that a float should not be issued if

the evacuated end item can be repaired in a specified number of days, where

this number varies among major commands. Such a policy must degrade operational

availability in the short run, but offers incentives to organizations to keep

their own equipment in the best possible shape.

One method of modelling such a policy is to identify a priori DSU repairable

failures which are not serious enough to warrant float issue. For such failures

MTR would include time to move the end item to DSU and back, and MLDT would be

If the same part is used at both ORG and DSU, only the ORG demands contribute
to MLDT in the distributed version of SESAME.
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based on wait for parts at the DSU. Down time would be the sum of MTR and

MLDT and would not depend on W (the wait for float).
DSU
In the missile analysis it was assumed normal resupply to the ORG from

DSU was two days, but that if the part was needed for immediate use on a downed

end item, i.e. if there was a NORS requisition, the part could be obtained in

one day. Three alternative modifications to SESAME were examined which all

gave comparable results. They are discussed in the Appendix.

Optimization

We state the optimization objective as achievement of a given OA target

at least cost. The alternative - best possible OA under a given budget

constraint - presents no additional difficulties.

The optimization problem was not investigated in the research reported

here. A quick and dirty approach was sufficient to do the missile analysis

as will be seen. Nevertheless, we would like to briefly discuss the state

of the art and a promising approach.

The float problem is a special case of the MODMETRIC problem. The

original MODMETRIC model [8] considered situations for which, in our terminology,

float could be put at ORG as well as at DSU, but MLDTD$U was fixed and not a

decision variable dependent on stockage. In fact, while there now exist a

number of MODMETRIC computer programs, the only one which we know of which

attempts to optimize MLDTDsU is Clark's [1].

Solution of the MODMETRIC model tends to be time consuming and so various

approximate techniques have been developed. Actually no existing code guarantees

"the" optimum solution; there are just various degrees of approximation. In the

LMI approach to "original" MODMETRIC type problems [9], DSU float and ORG

spares are equated in that they indirectly affect OA, while ORG float directly

affects OA. (In our version of the problem, with no ORG float, DSU float and

ORG spares directly affect OA, while DSU spares indirectly affect OA.)

In the approach to the original MODMETRIC problem most compatible with

the SESAME ERPSL program, Kotkin [7] builds on the generalized Lagrangian

approach. Given a Lagrangian, spare backorders at ORG are costed out as a

weighted average of float cost and the Lagrangian (which is chosen equal

to or greater than float cost). The spares problem is solved based on this

cost, and then the float stockage problem is solved based on the Lagrangian

value, and using the MLDTORG just found by solving the spares problem. A simple

7
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search routine can be programmed to find the Lagrangian which will produce

the target OA.

The ultimate rationale for Kotkin's weighted average formula is that it

worked quite well on test cases. However, it was based on a logical derivation.

This derivation suggest that the same formula should work equally well in our

problem in costing out those DSU backorders for spares which contribute to

Mr.DTDSU. (Some DSU backorders are backorders of replenishment requisitions

from the ORG. These backorders are already implicitly and correctly costed

out by SESAME as a function of ORG spare backorder cost). The Lagrangian is

then used to cost out float and ORG spares backorders.

Analysis of Missile Data

Inputs to the analysis are given in Table I.

Table II evaluates various combinations of ERPSL and float in terms of

total cost and operational availability. Float policy I was to stock 852 of

the repair cycle quantity for float; the repair cycle quantity is defined as

demand per day multiplied by repair time. Float policy II was to stock

the entire repair cycle quantity. As it happened, with rounding these two

policies gave the same result. Float policy III was to stock sufficient float

to satisfy 85% of all demands for float without delay. These policies were

based on AR750-1 [12]. Note that the repair cycle quantity depends on the

policy for repair parts/spares since the latter impact MLDTDSU.

Under the first policy for repair parts/spares, policy A, there is no

ERPSL, but even without ERPSL, repair parts/spares costs, based on standard

provisioning procedures, are $11.6 million for each DSU and its supported ORGs.

With zero float, OA - 72.7%, while with 2 float, costing $2.77 million each,

OA increases only to 76.0% and so on.

Note that float does not impact on down time caused by ORG level failures,

so that even unlimited float quantities cannot guarantee high OA.

Under stockage policy B, ERPSL is run to achieve a SESAME reported

availability of 84.1%. Actual availability without float is 83.4%, and with

1 float, 85.1% OA is achieved. Note that the error SESAME makes in ignoring

end item evacuation is not great (84.1% vs 83.4%), nor is the error in

ignoring float (84.1% vs 85.12 or 86.62 depending on float policy).

*
A similar analysis on a limited amount of tank data again showed small errors.
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SBy increasing ERSL dollars to $13.0 million (Policy ()) an OA of 85%
is achieved without float, and at least total cost.

~In Table III wartime failure rates were used. Still, no float was cost

I effective if the OA target were 85%. For a 92% OA target it is cheaper to

have 1 float than to increase ERPSL sufficiently to achieve the target without

*float.
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APPENDIX I

EXPEDITED RESUPPLY

Notation

ORGFILL - ORG fill rate, or fraction of demands filled from stock on hand.

DSUFILL - DSU fill rate.

t - routine supply time

e - expedited supply time

d- t-e

Modellina

SESAME was modified so that item stockage was computed assuming no ex-

pedited supply, but ORG LDT was calculated allowing for it. Three alternatives

were compared on the missile date:

a. Reduce LDT by (I-ORGPILL)(d)

b. On items not stocked at ORG, reduce LDT by d. On other items, I
reduce LDT by

(I-ORG7ILL) (l-DSUPILL) (d)

c. On items not stocked at ORG, reduce LDT by d. On other items

reduce LDT by
d2

(1-ORGFILL) (l-DSUFILL) (d) + (I-ORGFILL)(DSUPILL)

Rationale. Method c. will be explained, and the other alternatives

should then be clear. If an item is not stocked at ORG, then a

full d days are saved each time there is a demand. If the item is stocked,

but there is no stock on hand, temporarily, there will be due-in. How much

time is saved by expediting depends on the status of the due-in. If we could

assume, as an approximation, that DSU and ORG on hand status are independent,

then with probability (1-DSUILL)(1-ORGPILL) both ORG and DSU cannot fill a

demand, and expediting will save a full d days. If the DSU can fill the demand,

and there is one unit due-in uniformly distributed over the interval (O,t), then

with probability d/t time will be saved by expediting, and the average saving is d/2.

Comparison. Missile data was run without expedited supply and with the time

saving estimted by each of the methods. Results are:

Method No Expediting A B C

LDT 1.8 day 1.47 1.57 1.54
13

I!



BIBLIOGRAPHY

1. Clark, Andrew J., "Logistics Support Economic Evaluation, Optimal

Operational Availability Inventory Model," CACI, Arlington, VA, 1978.

2. Fox, F., "Determination of the Float Factor By Queueing Theory," US Army

Aviation Research & Development Comand, St. Louis, 1978, (LD43436MA).

3. Gross, Donald and Carl M. Harris, Fundamentals of Queueina Theory, John

Wiley, New York, 1974.

4. Gross, Donald, Henry D. Kahn and Joseph D. Marsh, "Queueing Models for

Spares Provisioning," NULQ, December 1977, p521ff.

5. Kaplan, Alan J., "System Availability With Redundancy and Spares," Army

Inventory Research Office, Philadelphia, 1979 (AD-A073743).

6. Kaplan, Alan J., "Mathematics of SESAME Model," Army Inventory Research

Office, Philadelphia, 1980 (AD-A081931).

7. Kotkin, Mayer, "A Heuristic for Multi-Echelon, Multi-Indentured Inventory

Problems," Army Inventory Research Office, Philadelphia, 1978 (AD-A066590).

8. Muckstadt, Jack, "Model for Multi-Ite, Multi-Echelon, Multi-Indenture

Inventory System," Mangement Science, Vol 20, December 1973, p472ff.

9. Slay, F. M. and T. J. O"Malley, "An Efficient Optimization Procedure for

A Levels of Indenture Inventory Model," Logistics Management Institute,

Washington, DC, 1978.

10. DARCOM Pamphlet No. 700-18, "User's Guide for the Selected Essential Item

Stockage for Availability Method," 1980.

11. AR 710-2, "Materiel Management for Using Units, Support Units, and

Installations," (draft change).

12. AR 750-1, "Army Materiel Maintenance Concepts and Policies," May 1978.

14



DISTRIBUTION

COPIES

1 Deputy Under Sec'y of the Army, ATTN: Office of Op Reach
Headquarters, US Army Materiel Development & Readiness Command

1 DRCDNR
1 DRCPS-P, ATTN: Ms. Lamb
1 DRCMM-
1 DRCMM-R
1 DRCMM-RS
1 DRClM-M
1 DRCM4-E
1 DRCRE
1 DRCDE
1 DRCPM
1 Dep Chf of Staff for Logistics, ATTN: DALO-SMS, Pentagon,

Wash., DC 20310
1 Dep Chf of Staff for Logistics, ATTN: DALO-SML, Pentagon,

Wash., DC 20310

1 Commandant, US Army Logistics Mgt Center, Ft. Lee, VA 23801
1 Office, Asst Sec'y of Defense, ATTN: MRA&L-SR, Pentagon,

Wash., DC 20310
2 Defense Logistics Studies Info Exchange, DRXMC-D

10 Defense Technical Information Center, Cameron Station, Alexandria,
VA 22314

Commander, USA Armament Materiel Readiness Cmd, Rock Island, IL 61299
1 ATTN: DRSAR-MM
1 ATTN: DRSAR-SA

Commander, USA Communications-Electronics Cmd, Ft. Monmouth, NJ 07703
1 ATTN: DRSEL-MM
1 ATTN: DRSEL-PL-SA

Commander, USA Missile Command, Redstone Arsenal, AL 35898
1 ATTN: DRSMI-S
1 ATTN: DRSMI-D

Commander, USA Troop Support & Aviation Materiel Readiness Command,
St. Louis, MO 63120

1 ATTN: DRSTS-SP?
1 ATTN: DRSTS-SPS
1 ATTN: DRSTS-BA

Commander, US Army Tank-Automotive Command, Warren, MI 48090
1 ATTN: DRSTA-F
1 ATTN: DRSTA-S
1 Commander, US Army Armament Research & Development Cmd, ATTN: DRDAR-SE,

Dover, NJ 07801
1 Commander, US Army Aviation Research & Development Cmd, 4300 Goodfellow

Blvd, St. Louis, MO 63120
1 Commander, US Army Aviation Research & Development Cmd, ATTN: DRDAV-BD

(Marl Glenn), 4300 Goodfellow Blvd, St. Louis, MO 63120

1 Commander, US Army Electronics Research & Development Command,
ATTN: DRDEL-ST-SA, Rm 2D315, Bldg 2700, Ft. Monmouth, NJ 07703

1 Commander, US Army Mobility Equipment Research & Development Cmd,
ATTN: DRDME-O, Ft. Belvoir, VA 22060

15

' '.n il1. . . IN [ : II- l. .. , . . . . , . _ ' : ,/ : - ' : ' -



COPIES

1 Commander, US Army Logistics Center, Ft. Lee, VA 23801
1 Commander, US Army Logistics Evaluation Agency, New Cumberland

Army Depot, New Cumberland, PA 17070
1 Commander, US Air Force Logistics Cmd, WPAFB, ATTN: AFLC/XRS,

Dayton, Ohio 45433
1 US Navy Fleet Materiel Support Office, Naval Support Depot,

Mechanicsburg, PA 17055
1 Mr. James Prichard, Navy SEA Systems Cmd, ATTN: PMS 3061, Dept

of US Navy, Wash., DC 20362
1 George Washington University, Inst of Management Science & Engr.,

707 22nd St., N.W., Wash., DC 20006
1 Naval Postgraduate School, ATTN: Dept of Opns Anal, Monterey,

CA 93940
1 Air Force Institute of Technology, ATTN: SLGQ, Head Quantitative

Studies Dept., Dayton, OH 43433
1 US Army Military Academy, West Point, NY 10996
1 Librarian, Logistics Mgt Inst., 4701 Sangamore Rd., Wash.,DC 20016
1 University of Florida, ATTN: Dept of Industrial Systems Engr.,

Gainesville, FL 32601
1 RAND Corp., ATTN: S. M. Drezner, 1700 Main St., Santa Monica,

CA 90406
1 US Army Materiel Systems Analysis Activity, ATTN: DRXSY-CL,

Aberdeen Proving Ground, MD 21005
1 Commander, US Army Logistics Center, ATTN: Concepts & Doctrine

Directorate, Ft. Lee, VA 23801
1 ALOG Magazine, ATTN: Tom Johnson, USALMC, Ft. Lee, VA 23801
T Commander, USDRC Automated Logistics Mgt Systems Activity,

P.O. Box 1578, St. Louis, MO 63188
1 Director, DARCOM Logistics Systems Support Agency, Letterkenny

Army Depot, Chambersburg, PA 17201
1 Commander, Materiel Readiness Support Activity, Lexington, KY 40507
1 Director, Army Management Engineering Training Agency, Rock Island

Arsenal, Rock Island, IL 61299
1 Defense Logistics Agcy, ATTN: DLA-LO, Cameron Sta, Alexandria, VA 22314
"F Dep Chf of Staff (I&L), HQ USMC-LMP-2, ATTN: LTC Sonneborn, Jr.,

Wash., DC 20380
1 Commander, US Army Depot Systems Command, Letterkenny Army Depot,

ATTN: DRSDS-LL, Chambersburg, PA 17201
1 UQ, Dept of the Army, (DASG-HCL-P), Wash., DC 20314
T Operations Research Center, 3115 Etcheverry Hall, University

of California, Berkeley, CA 94720
1 Dr. Jack Muckstadt, Dept of Industrial Engineering & Operations

Research, Upson Hall, Cornell University, Ithaca, NY 14890
1 Prof Herbert P. Galliher, Dept of Industrial Engineering,

University of Michigan, Ann Arbor, MI 48104
1 Scientific Advisor, ATCL-SCA, Army Logistics Center, Ft. Lee, VA

23801
1 Prof Robert M. Stark, Dept of Stat & Computer Sciences,

University of Delaware, Newark, DE 19711
1 Prof E. Gerald Hurst, Jr., Dept of Decision Science, The Wharton

School, University of Penna., Phila., PA 19104

16



COPIES

1 Logistics Studies Office, DRXMC-LSO, ALMC, Ft. Lee, VA 23801
1 Procurement Research Office, DRXMC-PRO, ALMC, Ft. Lee, VA 23801
1 Dept of Industrial Engr. & Engr. Management, Stanford University,

Stanford, CA 94305
1 Commander, US Army Communications Command, ATTN: Dr. Forry,

CC-LOG-LEO, Ft. Huachuca, AZ 85613
1 Commander, US Army Test & Evaluation Cmd, ATTN: DRSTE-SY,

Aberdeen Proving Ground, MD 21005
1 Prof Harvey M. Wagner, Dean, School of Business Adm, University

of North Carolina, Chapel Hill, NC 27514
1 DARCOM Intern Training Center, Red River Army Depot, Texarkana,

Tx 75501
1 Prof Leroy B. Schwarz, Pept of Management, Purdue University,

Krannert Bldg, West Lafayette, Indiana 47907
1 US Army Training & Doctrine Command, Ft. Monroe, VA 23651
1 Operations & Inventory Analysis Office, NAVSUP (Code 04A) Dept

of Navy, Wash., DC 20376
1 US Army Research Office, ATTN: Robert Launer, Math. Div.,

P.O. Box 12211, Research Triangle Park, NC 27709
1 Prof William P. Pierskalla, 3641 Locust Walk CE, Philadelphia,

PA 19104
1 US Army Materiel Systems Analysis Activity, ATTN: DRXSY-MP,

Aberdeen Proving Ground, MD 21005
Air Force Logistics Management Center, Gunter Air Force Station, AL 36144

1 ATTN: AFLMC/LGY
1 ATTN: AFLMC/XRP, Bldg. 205
1 Engineer Studies Center, 6500 Brooks Lane, Wash., DC 20315
1 US Army Materiel Systems Analysis Activity, ATTN: Mr. Herbert Cohen,

DRXSY-MP, Aberdeen Proving Ground, MD 21105
1 Dr. Carl Weisman, C.A.C.I., 1815 North Fort Myer Drive, Arlington,VA 22209
1 Commander, US Army Missile Cmd, ATTN: Ray Dotson, DRSMI-DS, Redstone

Arsenal, AL 35898
1 Prof Peter Kubat, Graduate School of Mgmt, University of Rochester,

Rochester, NY 14627
1 Prof Barney Bissinger, The Pennsylvania State University,

Middletown, PA 17057
1 Prof Gary D. Scudder, Mgmt Sciences Dept, College of Bus Adm, University

of Minnesota, 271 19th Ave., South, Minneapolis, MN 55455

17




